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Introduction
!

Endoscopic retrograde cholangiopancreatography
(ERCP) is the standard technique for intervention-
al treatment of biliary disease. During the proce-
dure a guidewire is used to intubate and traverse
biliary strictures and to maintain access for the
introductionof therapeutic devices into thebiliary
tract. Moreover, guidewires are increasingly ac-
cepted for primary cannulation of the ampulla of
Vater. The wire-guided technique has been found
to increase the primary cannulation rate and to re-
duce the risk of post-ERCP pancreatitis compared
with the contrast-injectionmethod [1,2].
Two major advancements in the construction of
guidewires were made recently. First, the intro-
duction of the short wire concept, and second,
the combining of several features of traditional
guidewires into one product (e.g. tip shape, flex-

ibility together with stiffness, hydrophilic coating
of only part of the guidewire) in order to achieve
optimal flexibility while maintaining the neces-
sary rigidity and steerability. Other characteris-
tics such as radiopaque markers to improve visib-
ility of the guidewire under fluoroscopy, and
marking of the guidewire surface for delineation
of the position in the endoscopic field of view
have also been incorporated into the latest guide-
wires.
However, it remains unclear whether the recent
improvements in guidewire design and construc-
tion have actually had an impact on the success
rate of the procedure or on the procedure time.
The aim of the present study, therefore, was to
assess the outcomes of therapeutic ERCP using a
combination of well-established guidewires com-
pared with a recently developed, single, hydro-
philic guidewire.
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Background and study aims: During endoscopic
retrograde cholangiopancreatography (ERCP), a
guidewire is used to cannulate biliary strictures
and allow for therapeutic interventions. The aim
of this study was to assess the success of stricture
cannulation using a combination of a flexible
guidewire and a stable nitinol wire vs. a novel,
single, stiff-shaft, flexible-tip guidewire.
Patients and methods: Consecutive patients who
were scheduled for ERCP for biliary obstruction
were randomized to undergo the procedure with
either a 260-cm long, angled-tip hydrophilic wire
in combination with a nitinol wire as required
(standard group), or a novel, 270-cm guidewire
featuring a hyperflexible, hydrophilic tip with a
stiff shaft (novel group). At unsuccessful negotia-
tion of the stricture, patients in the standard
group were switched to the novel guidewire and
vice versa (“crossover”). Successful cannulation
(primary success: as assigned; final success: after
“crossover”), procedure time, and total number of
wires needed per procedure were compared.

Results: A total of 222 patients were randomized
and 197 were included in the study (97 in the
standard group and 100 in the novel group). The
primary success rate was significantly higher in
the novel group (94/100, 94%) compared with
the standard group (77/97, 79%; P=0.00041),
and final success was similar. Mean time (median,
interquartile range) to stricture cannulation was
11.2 minutes (6.3, 3.7–14.6) in the standard
group and 8.1 minutes (2.5, 0.9–7.7) in the novel
group (P<0.0001). Themean total procedure time
was 31.2 minutes (24.6, 16.5–40.8) vs. 24.3 min-
utes (16.9, 10.0–31.5), respectively (P=0.0011).
There were no complications observed with ei-
ther of the guidewires.
Conclusions: A guidewire that features a flexible
tip with a stable shaft could replace the use of a
combination of flexible and stable guidewires
and increase the success rate of stricture cannula-
tion while decreasing the procedure time.
ClinicalTrials.gov Identifier: NCT 01382680



Patients and methods
!

Study design
This was an open-label, randomized, single-center, single-blind-
ed trial assessing the value of a new hydrophilic guidewire in
comparison with a combination of traditionally used wires. The
patients were blinded to the allocation arm. Randomization and
recording of the data were done independently from clinical
investigators; a statistician received the request for randomiza-
tion before ERCP and after informed consent of the patient had
been obtained, and returned the allocation via fax before the
investigation started.
All patients who presented for ERCP with a suspected or pre-
viously diagnosed biliary stricture were eligible for randomiza-
tion. Biliary obstruction was suspected clinically based on symp-
toms (e.g. jaundice, fever, right upper quadrant abdominal pain),
laboratory data (elevated liver enzymes, alkaline phosphatase,
gamma-glutamyltransferase, bilirubin), and imaging results
(abdominal ultrasonography, magnetic resonance imaging, com-
puted tomography) that indicated enlarged extrahepatic and/or
intrahepatic bile ducts. Suspicion of obstruction at pre-ERCP tests
indicated a need for wire-guided intubation of the native papilla
and consecutive wire-guided biliary sphincterotomy, and/or
negotiation of the stricture after contrast had been injected for
visualization. In cases where no stricture was detected during
ERCP and no guidewire was therefore needed, the patient was
excluded from the analysis.
Inclusion criteria were: age ≥18 years, suspected biliary obstruc-
tion (e.g. neoplastic, postoperative, inflammatory stricture or ob-
structing stones) with a requirement for guidewire use during
ERCP for therapeutic intervention. Exclusion criteria were: indi-
cation for pancreatic ERCP and surgically altered anatomy (e.g.
Billroth II, Roux-en-Y anastomosis).
The study protocol was approved by the institutional review
board (No.136/10 of the local ethics committee of the University
Hospital Frankfurt), and written informed consent was obtained
from all patients prior to study inclusion.
The study was registered at ClinicalTrials.gov (www.clinicaltrials.
gov) with the identifier NCT01382680.

Procedures
In the standard guidewire group, the investigation was first per-
formed using a traditional guidewire: 0.032-inch, 260-cm long,
angled-tip, hydrophilic wire covered with polyurethane and hy-
drophilic coating (Terumo Radiofocus; Terumo Europe, Leuven,
Belgium). In this group, exchange to a nitinol wire for therapeutic
interventions (e.g. MTW J-tip, 0.035-inch, 400-cm; MTW Endos-
kopie Inc., Wesel, Germany) was permitted. In the novel guide-
wire group, the investigation was performed with a 270-cm
long, fluorine-coated guidewire that combined a 7-cm highly
flexible tip with a stiff shaft (0.035” or 0.025”, hydrophilic coat-
ing, length 70mm, angled tip; Olympus VisiGlide, Olympus
Europe, Hamburg, Germany).
In cases where the stricture could not be passed by the guidewire
during a 10–20-minute period, patients in the standard group
crossed over to the novel guidewire and vice versa. Furthermore,
when 10 minutes had passed without treatment success, a
change in investigator was encouraged and another 10 minutes
were spent before the patient was switched to the alternative
method. The endoscopy teams for both groups were free to select
an angled-tip or a straight-tip guidewire; however, all endos-
copists selected the angled-tip guidewire for all first procedures.

A straight-tip guidewire could have been chosen if necessary.
Crossover was performed in all cases when no treatment success
was obtained despite investigator change. After crossover, the
VisiGlide guidewire was used in the standard group and the
Terumo guidewire was used in the novel group.
Standard Olympus duodenoscopes (Olympus V-Scopes, TJF
160VF, TJF-Q180 V; Olympus Europe) were used for ERCP, and
the short-wire technique with locking of the wire at the distal
end of the duodenoscope was applied. Choice of catheter was
left to the investigator, but the standard cannula was the single-
use sphincterotome (CleverCut3V; Olympus Europe) and/or a
straight standard catheter (e.g. MTW standard or single-use
cannula StarTip2V) that may or may not have been bent slightly
by the investigator. Contrast agent was injected after secure
access to the biliary system had been achieved, as confirmed by
the passage of the guidewire on radiographic examination. All
other aspects of the ERCP procedure were left to the discretion
of the attending endoscopist.
All investigators who took part in the study (J.G.A., C.S., J. B., J. T.,
O.S., M.F.R.) were highly experienced in ERCP and had performed
at least 1000 ERCP procedures prior to the study.
The investigation times were recorded by the gastrointestinal
fellow or by an in-room gastrointestinal assistant as follows. The
stopwatch was started when the endoscopist had positioned the
endoscope in the duodenum and was ready to cannulate the pa-
pilla with the guidewire preloaded inside the papillotome/can-
nula. The first timing was registered when the guidewire had
crossed the obstruction. In cases where the flexible hydrophilic
wire needed to be changed to a stable nitinol wire for therapeutic
measures in the standard group, the time was recordedwhen the
final position of the stiff guidewire was achieved. If the wire
position changed, but access was not lost, the time continued to
be recorded until the correct position was regained. The second
timing was registered as soon as the procedure was completed
and all devices and the endoscope had been removed from the
bile duct.

Statistics, data collection, and outcomes
Study end points
The primary end point was the number of guidewires used per
ERCP procedure. Secondary end points were achievement of
treatment success (primary success: as assigned; final success:
after “crossover”), time to pass the stricture, and time to treat-
ment success. Based on previous experience using the guide-
wires, it was assumed that 70%–75% of procedures would use
one guidewire, 20% would require a second guidewire attempt,
and 5% would fail.

Randomization
A stratified block randomization was performed using MATLAB
(Release 2010; The MathWorks, Inc., Natick, Massachusetts,
USA), stratified for location of the lesion (proximal, distal) and
the nature of the stricture as assumed from cross-sectional imag-
ing and other clinical data prior to ERCP (i. e. benign extrahepatic
stenosis, benign intrahepatic stenosis, malignant extrahepatic
stenosis, and malignant intrahepatic stenosis). The random allo-
cation sequence was generated by an independent statistician.
Patients were enrolled by the endoscopist or study assistant,
and informed consent was obtained from the patient by doctors
assigned to the study.
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Sample size calculation
On the basis of a significance level of α=5%, a two-sided chi-
squared test was done, which indicated a statistical power of
>99% for the primary end point for randomization of 266 pa-
tients (1:1 randomization, effect size of 0.68, Cohen’s W [3]).
The primary study aim (i. e. comparison of number of guide-
wires needed) and the secondary study aim (i.e. an equivalence
test between success rates of the two groups with an equiva-
lence margin of 7.5% with a power >80%) were both analyzed.
With this premise and the assumption that the secondary end
point (treatment success) would be achieved in 95% in both
groups, it was calculated that 266 patients would be required.
However, patient recruitment was slower than anticipated, as
repeated investigations in the same patient could not be in-
cluded and patients who presented in an emergency situation
in many cases could also not be included. Therefore, it was
decided to terminate study recruitment when 222 patients
had been included. It was assumed that the study aims could
still be tested with a high statistical power.

Data analysis
Success rate, procedure time, and total number of guidewires
needed per procedure were compared between the standard
and novel groups. Categorical variables were compared using
the chi-squared test or Fisher’s exact test, and quantitative vari-
ables were compared using the Mann–Whitney U test. Tests
were two sided. P values below 5% were considered to be signifi-
cant. Statistical analysis was carried out using BiAS (version
10.04, BiAS for Windows; Epsilon-Verlag, Frankfurt, Germany)
andWinSTAT for Microsoft Excel (Version 2012.1; Robert K. Fitch
Verlag, Germany).

Results
!

A total of 222 patients were randomized during the study period
(Oct 2010 to Oct 2013). Patients were excluded from the analysis
after randomization for the following reasons: no stricture de-

tected at ERCP (n=11, 5.0%), protocol violation (n=8, 3.6%), the
papillawas not reached by the endoscope or intubation of the pa-
pilla failed (n=4, 1.8%), or consent was withdrawn (n=2, 0.9%).
Thus, 197 patients were included in the final analysis (83 female,
114 male). Baseline characteristics of the patients are shown in
●" Table1.
A higher number of guidewireswas needed for stricture cannula-
tion in the standard group (mean 2.0 guidewires: 6.2% with one,
80.4% with two, and 13.4% with three or more) compared with
the novel guidewire group (mean 1.1: 92% with one, 6% with
two, and 2% with three or more; P<0.001). The median number
of guidewires needed per procedure was 2 (range 1–4) in the
standard group and 1 (range 1–3) in the novel group.
The treatment aim (final success rate) was achieved in all patients
(100%) in the standard group and in 96/100 patients (96%) in the
novel group (P=0.12). However, the primary success rate was sig-
nificantly higher in the novel guidewire group than in the stand-
ard group (P=0.00041) (●" Fig.1). The biliary stricture could not
be passed in four patients. In two of these patients, concomitant

Table 1 Characteristics
of patients in the standard
and novel guidewire groups.

Standard Novel P value

n 97 100

Female, n (%) 46 (47.4) 37 (37.0) n.s.

Age, years ± SD, years 61.6 ± 15.04 59.7 ±14.79 n.s.

Native papilla, n (%) 28 (28.9) 31 (31.0) n.s.

Indication, n (%)

Benign extrahepatic stenosis 24 (24.7) 29 (29.0)

n.s.

Benign intrahepatic stenosis 16 (16.5) 16 (16.0)

Malignant extrahepatic stenosis 19 (19.6) 20 (20.0)

Malignant intrahepatic stenosis 29 (29.9) 24 (24.0)

Bile duct stones 9 (9.3) 11 (11.0)

Laboratory data, median (IQR)

Creatinine, mg/dL
Normal range 0.5–0.9

0.97 (0.81–1.28) 0.93 (0.76–1.29) n.s.

C-reactive protein, mg/dL
Normal < 5

1.99 (0.64–8.07) 2.35 (0.58–9.09) n.s.

Bilirubin, mg/dL
Normal < 0.9

2.0 (0.8–6.6) 2.2 (1.1–7.0) n.s.

ALP, U/L
Normal < 40

245 (138–511) 299 (156–637) n.s.

GGT, U/L
Normal range 55–105

411 (154–858) 405 (115–975) n.s.

ALP, alkaline phosphatase; GGT, gamma-glutamyltransferase/gamma-glutamyl transpeptidase; n.s., not statistically significant.

Standard guidewire group

Primary success rate Success after “Crossover” Final failures

Novel guidewire group

  Novel   Standard 
  guidewire group guidewire group

 Primary success rate 94 77

 Success after “Crossover” 2 20

 Final failures 4 0

20

2

4

77

94

Fig.1 Primary success, crossover, and final success rates in the standard
and novel guidewire groups.
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duodenal tumor stenosis complicated the positioning of the duo-
denoscope at the papilla, but cannulation of the common bile
duct was successful without achieving traversal of the biliary
stricture.
The mean time to pass the stricture was 11.2 minutes (median
6.3 minutes, interquartile range [IQR] 3.7–14.6) in the standard
group and 8.1 minutes (median 2.5 minutes, IQR 0.9–7.7) in the
novel group (P<0.0001). The mean total procedure time was 31.2
minutes (median 24.6 minutes, IQR 16.5–40.8) vs. 24.3 minutes
(median 16.9 minutes, IQR 10.0–31.5), respectively (P=0.0011).
There was a significant difference between the groups with re-
spect to the time needed to insert the stent through the biliary
stricture (●" Table2).
The mean total procedures times in the standard and novel
groups were 25.6 vs. 24.2 minutes in benign obstruction of the
common bile duct, 43.0 vs. 22.8 minutes in benign hilar or intra-
hepatic stricture, 24.8 vs. 20.5 minutes in malignant extrahepatic
stenosis, and 34.0 vs. 24.6 minutes in malignant hilar or intrahe-
patic stenosis. The procedure times are presented in●" Fig.2.
No complications were observed in either of the groups.

Discussion
!

Hydrophilic guidewires are currently well-accepted devices and
part of the armamentarium in therapeutic ERCP [4]. These wires,
which are torquable and ultra-slippery when moistened, facili-
tate difficult biliary stricture cannulation and stricture traversal
[5]. After achieving access with a hydrophilic wire,most endosco-
pists will exchange the hydrophilic wire to a second more stable
guidewire in order to avoid losing the guidewire position and to
improve stability when introducing a stent or other device over
the wire [6]. Recently, new guidewires that combine these fea-
tures have been developed (i. e. hydrophilic cover plus high flex-
ibility of the tip of the wire to negotiate the stricture, and a stable
shaft of the wire to take therapeutic devices). Thereby, stability is
increased and steerability of the guidewire is improved. In the
current randomized trial, the novel guidewire, which combined
a hydrophilic, flexible fluorine tip with a stiff nitinol shaft,
achieved a higher rate of primary cannulation success of an ob-
structed bile duct segment and a shorter investigation time com-
pared with the use of an initial extra flexible wire for stricture
cannulation and a stiffer guidewire for therapeutic intervention.
The higher success of the novel guidewire might be explained by
improved steerability: the inflected tip is maneuvered by rotat-
ing the shaft and thereby enables the stricture to be negotiated
under good visualization on fluoroscopy. This seemed to be par-
ticularly useful in patients with advanced primary sclerosing
cholangitis or in those with intrahepatic malignant stricture,
where contrast was injected only into those segments of the ob-

structed biliary system that had been accessed by the guidewire
to enable stent placement for prevention of cholangitis. The
shorter time needed for the interventions with primary use of
the novel guidewire might also be explained by the fact that
wire exchange was not necessary and fewer stents were placed
compared with the use of standard guidewires.
We preferred the angled-tip rather than the straight-tip wires for
all procedures mainly because previous personal experience had

Table 2 Time needed for implantation of 1, 2, or ≥3 stents in the standard and novel guidewire groups.

Stents, n Standard vs. novel guidewire, n Time to end of procedure, minutes P

Standard Novel

Median IQR Median IQR

1 37 vs. 39 22.7 14.1–37.0 18.8 9.8–39.7 > 0.20

2 35 vs. 33 25.4 17.4–40.9 15.5 9.6–21.5 < 0.001

≥3 11 vs. 12 36.1 25.9–50.9 23.2 16.9–28.9 < 0.001

IQR, interquartile range.
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shown improved success in probing strictures when using the
angled-tip wires.
There are some limitations of this study. The impact of the guide-
wire on successful cannulation of the papilla vs. the success rate
for negotiating the biliary stricture was not differentiated, and
only the combined outcome of cannulation success was calculat-
ed. However, treatment success may be regarded as the essential
end point for the outcome of guidewire use, as this event is deci-
sive for the patient. Moreover, findings from this study cannot be
generalized to other guidewires that have not been tested, and
additional trials are needed to compare the superior guidewire
from this study to other guidewires on the market.
A reduction in the procedure time results in reduced fluoroscopy
and sedation requirements and therefore is an important objec-
tive for improving ERCP technique [7]. Several recent innovations
in the ERCP technique have contributed to a reduction in the pro-
cedure time: locking the guidewire with the Albaran lever by the
V-system of the duodenoscope resulted in a 3-fold faster ex-
change of accessories in a recent study [8]. In the current study,
the V-scopes were used in all patients and the findings are there-
fore based on using this technique; nevertheless the mean proce-
dure time was reduced by almost 8 minutes in the novel guide-
wire group compared with the standard group (i. e. about 30% of
the complete investigation time). The higher success rate of the
new guidewire in this randomized trial strongly suggests that
time savings are attributable to the success of the procedure and
less so to the faster exchange of accessories. Moreover, with an
increasing number of stents, more time was saved using the
novel guidewire. Other study groups have reported a reduction
in the procedure time by using short-wire systems compared
with traditional long-wire devices [9], and the short-wire tech-
nique might have contributed to the reduced procedure time in
the current study too.
With improvement in interventional ERCP, the rate of in-hospital
mortality from acute biliary conditions requiring ERCP decreased
in a recent cohort study using the nationwide inpatient sample of
a U.S. database, but unsuccessful ERCP was associated with in-
creased mortality [10]. Another study found that delayed and
failed ERCP is associated with prolonged hospital stay and in-
creased cost of hospitalization [11]. Success of ERCP depends on
many factors, the most important of which is probably the
experience of the endoscopy team and the indication of ERCP. In
addition, there seems to be significant influence of technical
devices such as guidewires on success in ERCP, for example an
angled-tip guidewire facilitated biliary cannulation in a random-
ized trial [12]. In the current study, angled-tip guidewires were
used as first choice in all patients, as the study endoscopists had
experienced increased success with this device compared with
straight-tip wires, which were only used when success of the
investigation required a change in the tip type. Size of the guide-
wire (0.025” vs. 0.035”) seems to be less important for success as
recently reported in a prospective study [13]. In our experience,
direct transmission of torque was a key feature for success of the

VisiGlide guidewire, together with an angled tip that helped to
negotiate a stricture. Nevertheless, in two patients (2%), final suc-
cess was only attained with a procedure using the hydrophilic
Terumo guidewire, indicating that supply of several guidewires
with different features might be necessary in order to be pre-
pared for difficult ERCP cases within a specialized center.
In summary, a guidewire that combines the features of a flexible,
hydrophilic tip with a stiff nitinol shaft may replace the require-
ment to use both a flexible hydrophilic wire and a stable nitinol
wire and thereby increase success rates of stricture cannulation
and decrease procedure time.

Fig.1 was corrected

Competing interests: This study was partially supported by a
grant from Olympus Europe, Hamburg, Germany.
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