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Abstract
Background—Temporary prophylactic pancreatic duct stenting effectively reduces post-
endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis (PEP) in high-risk patients,
but the optimal stent remains unclear. We compared rate of spontaneous passage, and technical
difficulty of placement for 3-Fr and 5-Fr stents.

Methods—A randomized controlled trial at a single academic medical center. Patients deemed
high risk for PEP randomly received 5-Fr or 3-Fr pancreatic duct stents. Primary outcome was
spontaneous stent passage by 2 weeks. Secondary outcomes were ease and time for stent
placement, and number of guide wires required for the entire procedure.

Results—Patients (69 female [89%]; mean age 44.9 years, standard deviation [SD] 16.8) were
randomly assigned to receive 5-Fr (n = 38) and 3-Fr (n = 40) stents. Indications for stenting were
similar. Seven patients in the 3-Fr group actually received a 5-Fr stent, and two in the 5-Fr group
had a 3-Fr stent. Spontaneous passage or non-passage was confirmed in 64 (83%). No statistically
significant difference in spontaneous passage rates was seen (5-Fr group, 68.4%; 3-Fr group
75.0%; P = 0.617). Non-passage rates were 10.5% (5-Fr group) and 10.0% (3-Fr group) (P =
1.00). The study was stopped after a futility analysis for the primary end point. Placement of 5-Fr
stents was rated easier, at a mean score of 1.8 (5-Fr) vs. 3.4 (3-Fr), P < 0.001, with a trend towards
being faster, 9.2 vs. 11.1 minutes (P = 0.355). Fewer guide wires were required for 5-Fr stent
placement, 1.5 vs. 1.9 (P = 0.002). PEP rates did not differ (P = 0.519).

Conclusion—Placement of 5-Fr compared to 3-Fr pancreatic duct stents for PEP prophylaxis is
easier, faster, and requires fewer wires. No statistically significant difference in spontaneous
passage was found between the two sizes.

Introduction
Pancreatitis is the most common complication of endoscopic retrograde
cholangiopancreatography (ERCP) occurring in 4% to 20% of cases [1]. Temporary
prophylactic pancreatic duct stenting has been shown to decrease the rate of post-ERCP
pancreatitis (PEP) in high-risk patients [2–6] and is also cost-effective [7]. Placement of a
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pancreatic duct stent is, however, not without complications. Failure of spontaneous passage
of the stent may require a repeat endoscopic procedure for stent removal. Proximal
migration and other stent-related complications may occur. Pancreatic duct and parenchymal
changes mimicking chronic pancreatitis have also been reported with prophylactic
pancreatic duct stenting [8].

What is the most effective stent type for PEP prophylaxis, with the fewest complications,
remains controversial. A large retrospective trial suggested that a long 3-French (3-Fr) stent,
compared with a short 5-French (5-Fr) stent, is associated with higher rates of spontaneous
stent passage, lower rates of PEP, and lower rates of pancreatic duct changes [9]. However,
a recently published randomized trial demonstrated conflicting results, suggesting that a
short 5-Fr, compared with a long 3-Fr pancreatic duct stent, is associated with higher
spontaneous stent passage and lower rates of PEP, although this difference was not
statistically significant [10]. This study also showed that failure of attempted stent placement
occurred more commonly with the 3-Fr stent, suggesting that placement may be more
difficult than with the 5-Fr stent. Difficulty of placement of long 3-Fr stents may be related
to the need for deeper main pancreatic duct guide wire access, and the requirement for the
smaller caliber 0.018-inch wire that is harder to maneuver and visualize under fluoroscopy.
A higher degree of difficulty in placing a prophylactic pancreatic duct stent is an important
technical factor that may influence stent selection, since prolonged or unsuccessful
pancreatic duct stent placement may increase the risk of pancreatitis [11].

The technical difficulty of placement of 5-Fr and 3-Fr pancreatic duct stents has not been
compared in a randomized prospective study. Our primary study aim was to compare
spontaneous passage and non-passage rates for prophylactic 5-Fr and 3-Fr pancreatic duct
stents. Our secondary aim was to quantify and compare the difficulty of stent placement, and
the time and the number of guide wires required for the entire procedure.

Methods
Patient selection

The study protocol was approved by the University of Michigan Institutional Review Board.
Patients presenting for an ERCP between January 2007 and February 2009 were offered an
opportunity to participate in this study. Patients eligible to participate in the study had to be
≥18 years of age, not pregnant, and able to provide consent. Written informed consent was
obtained from all patients prior to the ERCP.

Inclusion criteria for study entry required patients to have high risk predictors of PEP,
defined by: pancreatic sphincterotomy, minor papilla sphincterotomy, sphincter of Oddi
dysfunction (SOD) confirmed by manometry, suspected SOD without manometry or with
normal manometry findings, ampullectomy, pre-cut sphincterotomy, personal history of
PEP, and difficult cannulation.

Patients were excluded from the study if they did not undergo an ERCP, did not receive a
pancreatic stent during an ERCP, received a pancreatic stent for indications other than high-
risk PEP prophylaxis, or received a non-study pancreatic duct stent at the discretion of the
treating endoscopist.

Data collection
Data collected included patients’ age, gender, indication for the procedure, ERCP fellow
involvement and level of training at the time of the procedure, sedation medication use,
degree of difficulty of stent placement, number of guide wires used, results of 2-week post-
procedural abdominal X-ray, requirement of follow-up endoscopy, and adverse events.
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Pancreatic stents
A Zimmon 3-Fr or 5-Fr single pigtail pancreatic stent without internal flanges (Cook
Endoscopy, Winston-Salem, North Carolina, USA) was placed in all patients. The preferred
lengths for the 3-Fr and the 5-Fr stent were 6 cm and 5 cm, respectively; however, other
lengths could be used, depending on need, at the discretion of the treating endoscopist. In
cases of difficult stent placement, defined by the treating endoscopist, patients were allowed
to cross over to the counterpart group.

Study design
This was a randomized, controlled clinical trial. Using a computer-generated 1:1
randomization table, patients were assigned to receive a 3-Fr or 5-Fr pancreatic stent.
Allocation was concealed using an opaque envelope system until the endoscopist announced
his/her intent to place a prophylactic pancreatic stent.

Specific measured outcomes
The primary end point was the spontaneous passage rate for 3-Fr and 5-Fr pancreatic stents.
Secondary end points included difficulty of stent placement, number of wires used for the
entire procedure, and total time required for stent placement.

Definitions
At 2 weeks (14 ± 4 days) after stent placement, spontaneous passage or non-passage was
determined by the presence or absence of a stent in the pancreatic duct on abdominal X-ray.

The time required for stent placement was assessed from the point of initiation of wire
insertion to successful completion of stent placement.

Difficulty of placement was assessed immediately following the procedure using a modified
5-point Likert scale [12,13] (1 = very easy, 2 = easy, 3 = average, 4 = difficult, 5 = very
difficult).

Post-ERCP pancreatitis was defined by consensus criteria [14,15]: clinical evidence of
pancreatitis, elevation of pancreatic enzymes to three times upper limit of normal at 24 h
after the procedure, and hospital admission for 2–3 days (mild pancreatitis), 4–9 days
(moderate pancreatitis) or longer than 10 days (severe pancreatitis).

Statistical analysis
We originally calculated a study sample size of 174 patients (87 in both 5-Fr and 3-Fr
groups). This sample size was calculated to have 80% statistical power to detect a 19%
higher spontaneous passage rate in 3-Fr relative to 5-Fr prophylactic pancreatic stents (86%
to 67%, respectively) [9], using a 0.05 two-sided Fisher’s exact test.

A futility analysis, using the method of predictive power [16] was performed after 78
patients had been recruited. Because a futility analysis cannot result in the rejection of the
null hypothesis, no adjustments to P values in the final analyses are required. Given the
numbers of patients treated and stents retained in both study arms at the time of the futility
analysis, the joint conditional probability of proportions of patients retaining stents was
numerically integrated over the null hypothesis rejection region of the per-protocol final
analysis, to yield its predicted power.

Data from all patients were analyzed on an intention-to-treat basis. Descriptive statistics
were calculated as means with standard deviation (SD) for continuous variables and as
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percents for categorical variables. Statistical significance was assessed by Fisher’s exact test
for binary variables and the Wilcoxon rank-sum test for continuous variables.

Results
Futility analysis

A futility analysis performed based on primary end points after enrolment of 78 patients
(~40% of target sample size) revealed no statistically significant difference in spontaneous
passage and non-passage rates between the 3-Fr and 5-Fr prophylactic pancreatic duct stents
groups. The power for rejection of the original null hypothesis at the end of the trial was
estimated to be less than 0.1%. Further enrolment of patients was therefore stopped and the
study was terminated.

Patient and procedure data
A total of 234 patients consented to participation in the study (Fig. 1), of whom 78 patients
(33%) at high risk for developing PEP were randomly assigned to receive 5-Fr (n = 38) or 3-
Fr (n = 40) prophylactic pancreatic duct stents. The mean (SD) age was 44.9 (16.8) years
and 69 (89%) of the patients were women. The demographic parameters and indications for
pancreatic duct stent placement were similar for the 5-Fr and 3-Fr groups.

A greater number of patients had undergone pancreatic sphincterotomy in the 3-Fr group
and more patients had difficult biliary cannulation in the 5-Fr group (Table 1).
Gastroenterology trainees (fellows) participated in 93% of the cases. Duration of fellows’
ERCP training (in months) at the time of the procedure was similar for both groups.

Stent placement was successful in 77 patients. One patient randomly assigned to the 3-Fr
group had immediate stent dislodgement during the ERCP. This stent was not replaced. The
majority of patients received pancreatic duct stents of the preferred length, that is 5 cm for
the 5-Fr group (63%) and 6 cm for the 3-Fr group (71%).

A total of 69 patients (89%) received the type of pancreatic duct stent they had been
randomly allocated to receive, while nine patients (12%) crossed over to the counterpart
group at the discretion of the treating endoscopist. Seven of these patients had been
originally assigned to the 3-Fr group and two to the 5-Fr group. The indication for crossing
over in all patients assigned a 3-Fr stent was difficult cannulation of the pancreatic duct. In
contrast, both patients assigned to a 5-Fr stent crossed over due to concern about a
pancreatic duct anatomy that would not accommodate a larger diameter stent.

Stent passage
The 2-week spontaneous passage rates in the 5-Fr and the 3-Fr groups were 26/38 (68.4%)
and 30/40 (75.0%) (P = 0.617). When stratified by the different stent indications, the
Mantel-Haenszel chi-square test did not show significant differences between the two
groups in the spontaneous passage rate (P = 0.90).

The stent non-passage rates at 2 weeks were also nearly identical, at 10.5% for the 5-Fr
group and 10.0% for the 3-Fr group (P = 1.00). All patients with stent non-passage required
endoscopic removal of the stent.

Seven patients had documented late spontaneous passage (21 to 31 days after stent
placement). When all patients with documented spontaneous passage, either within 2 weeks
or later than that, were considered (excluding patients with early stent removal), the
spontaneous passage rates were 31/38 (81.6%) for the 5-Fr group and 32/40 (80.0%) for the
3-Fr group were (P = 1.000; Table 2 and Fig. 2).
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There was no statistically significant difference in two-week spontaneous passage rate
among patients who received 5-F and 3-F stents per-protocol (excluding patients who
crossed-over) at 66.7% (24/36) and 75.8% (25/33) (P = 0.439). Likewise, there was no
statistically significant difference when all patients were analyzed based on the stent they
actually received at 67.4% (29/43) and 77.1% (27/35) (P = 0.450).

Use of guide wires
The number of wires needed for the entire procedure was reported in 76 patients (97%).
Requirement of only one wire for the ERCP occurred more commonly with the 5-Fr
compared with the 3-Fr stent, in 22 cases (59.4%) vs. 8 (20.5%), (P < 0.001), and this
difference was significant even after using the Mantel-Haenszel adjustment for the stent
indications. The mean (SD) number of wires required for placement of a 5-Fr stent was
lower than for a 3-Fr stent, at 1.5 (0.6) vs. 1.9 (0.5) (P = 0.002).

The mean (SD) number of wires for patients who crossed over to the counterpart stent group
was higher than for those who did not cross over, at 2.2 (0.6) vs. 1.6 (0.6), (P = 0.044).
Among those who crossed-over there was no difference in number of wires required when
they were stratified according to original assignment group.

Time required for stent placement
The time required for stent placement was reported for 68 patients (87%). Overall the mean
(SD) time to place the stent was 10.2 (8.2) minutes, and was 9.2 (9.2) minutes for 5-Fr stents
and 11.1 (7.7) minutes for 3-Fr stents (P = 0.355). Prolonged time requirement for stent
placement occurred more frequently in the 3-Fr group and quick placement occurred more
frequently in the 5-Fr group (Fig. 3).

Patients who crossed over to the counterpart stent group required a longer time, an
additional 3.8 min for stent placement, compared with those who did not cross over (P =
0.049). Patients who were randomly assigned a 3-Fr stent and crossed over to the 5-Fr group
required 5.5 minutes longer for stent placement, compared with those randomized to receive
a 5-Fr stent who crossed-over to the 3-Fr group (P = 0.030).

Difficulty of stent placement
The degree of difficulty of stent placement was reported for 73 patients (94%). Placement of
a 5-Fr stent was rated as easier than placing a 3-Fr stent, with a mean (SD) Likert scale score
of 1.8 (0.9) vs. 3.4 (1.2), (P < 0.001). The number of patients reported to have “difficult” or
“very difficult” stent placement was lower in the 5-Fr group compared with the 3-Fr group
at 3 (9%) vs. 21 (54%) (P < 0.001).

Patients who crossed over from the 3-Fr stent group to the 5-Fr group tended to have more
difficult procedures compared with those who crossed over from the 5-Fr to the 3-Fr group,
with a mean 4.3 (0.8) vs. 1.5 (0.7) (P = 0.053).

Other outcomes
The required dose of sedative medications was similar for the 5-Fr and 3-Fr groups, for
diazepam (P = 0.380) and fentanyl (P = 0.520). Endoscopic stent removal was done in seven
patients in each group (P = 1.00).

Adverse events
A total of 11 patients (14.1%) met the criteria for PEP. Only mild or moderate PEP was
observed. Of the four patients in the 5-Fr group (10.5%) who developed PEP, three had
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moderate PEP; of the seven patients in the 3-Fr group (17.5%) who developed PEP, five had
moderate PEP. There was no statistical difference in PEP rates between the 5-Fr and 3-Fr
stent groups (P = 0.519).

Other adverse events noted included abdominal pain, which occurred in eight patients
assigned to receive a 5-Fr stent, and in nine patients assigned to have a 3-Fr stent. One
patient in each group developed post-sphincterotomy bleeding. One patient in the 5-Fr group
developed internal stent migration. Post-ERCP nausea and dizziness was reported in two
patients in the 3-Fr group.

Discussion
Our final cohort included 78 patients who were at high risk for developing PEP. High-risk
factors included pancreatic sphincterotomy (major or minor papilla), ampullectomy, precut
sphincterotomy, confirmed or suspected SOD and undergoing biliary or pancreatic
sphincterotomy, history of PEP, and difficult cannulation [17–19].

Spontaneous passage of the prophylactic pancreatic duct stent was the primary end point in
this study. We measured the spontaneous passage rate by calculating the proportion of
patients who had spontaneous passage of the pancreatic duct stent within 2 weeks of
placement without needing a secondary endoscopic procedure for stent removal. Rates of
spontaneous passage were not different for the two study groups (68% of the 5-Fr group and
75% of the 3-Fr group). However, we did note that 17% of the study patients (20% of 5-Fr
group and 12% of 3-Fr) could not be classified in terms of 2-week spontaneous passage rate,
due to early stent removal or late documented stent passage. We acknowledge that this could
affect the true SP rate in both groups. We therefore also assessed spontaneous passage
indirectly by measuring the stent non-passage rate at 2 weeks. The rates were identical
between the 3-Fr and 5-Fr groups, at approximately 10%. Considering the inverse of stent
non-passage at 2 weeks (89.5% for 5-Fr and 90.0% for 3-Fr), our results with the 3-Fr stent
were similar to those reported in a large retrospective study and recently published
randomized prospective study (spontaneous passage 86% and 88%, respectively) [9,10]. Our
results with the 5-Fr stent were within the range of the rates reported in the above two
studies (67% and 98%, respectively). In contrast to either study, our results failed to show
any meaningful differences in spontaneous passage between the two stents.

We also assessed the technical aspects of 5-Fr and 3-Fr stent placement. Procedures in the 3-
Fr group in total required nearly 20% more wires, adding additional cost to the procedure.
Procedures in the 3-Fr group also tended to require longer periods of time for stent insertion.
We noted that quick stent placement (≤5 min) occurred more frequently with 5-Fr stents,
and prolonged placement (≥10 min) with the 3-Fr stents. The endoscopist-reported degree of
difficulty in placement of 3-Fr stents compared with 5-Fr stents was significantly higher.
Nearly 20% of patients assigned to the 3-Fr stent group required crossover to the 5-Fr stent
because of difficulty in placement.

Technical difficulty and speed of stent placement could certainly be linked to endoscopist
experience and comfort with placement of a particular stent type. It is conceivable that
placement of a 3-Fr stent could be associated with a steeper learning curve than a 5-Fr stent,
in which case the differences in the speed and degree of difficulty of stent placement would
vary among different endoscopists. In our study, among the five endoscopists who placed
six or more stents, four endoscopists reported a greater mean difficulty score for placement
of 3-Fr stents compared with 5-Fr stents (one endoscopist reported a similar mean difficulty
score for both stents). Although trainees were involved in most of these procedures, faculty
were present all of the time, did not hesitate to take over the procedure, and did not score the

Zolotarevsky et al. Page 6

Endoscopy. Author manuscript; available in PMC 2012 December 04.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



difficulty of stent placement on the basis of trainee inexperience. The faculty in this study
are expert endoscopists with estimated total career cases of 750 to 5000 with a mean of 1700
± 570. This suggests that the difficulty of 3-Fr stent placement is likely to be related more to
the stent itself rather than to the expertise of the endoscopist who places the stent.

One reason an endoscopist may select a smaller diameter prophylactic pancreatic stent could
be concern that mechanical pressure from the stent might induce irreversible pancreatic duct
changes [20]. It is thought that the pressure the stent imposes on the pancreatic duct could be
proportional to the diameter of the stent; this would favor the use of a smaller caliber stent.
The endoscopist might also select a smaller diameter pancreatic stent in an effort to reduce
the risk of PEP as has been shown in one retrospective study [9]. To date, however, there
have been no prospective randomized studies in humans that assess whether irreversible
pancreatic duct changes are affected by pancreatic stent size. There have also been no
prospective randomized trials that have shown that smaller diameter pancreatic stents offer
protection against PEP. It is important to note that our study was not designed to measure
differences in ductal changes and it was not powered to detect differences in PEP rates
between the 3-Fr and 5-Fr stent groups. We did note a numerically higher number of PEP
events in the 3-Fr group, compared with the 5-Fr group (18% vs. 11%) that was not
statistically significant. There were no events of severe PEP, and differences between
minimal and moderate PEP were also not statistically significant.

PEP rates may be affected by multiple factors, including patient factors, stent factors,
difficulty of cannulation, and success of cannulation. The literature suggests that an
increased number of wires required for pancreatic duct stent placement, prolonged attempts
at stent placement or unsuccessful pancreatic duct stent placement may be associated with
higher rates of PEP [10]. Our study shows that technical aspects of stent placement that may
reduce the risk of PEP favor the 5-Fr stent over the 3-Fr stent. In summary, placement of a
5-Fr stent is easier and faster than placement of a 3-Fr stent and requires fewer wires for the
entire procedure. There is no difference in spontaneous stent passage between the 3-Fr and
5-Fr stents. Based on these data, we recommend placement of a 5-Fr stent in preference to 3-
Fr stent for prophylaxis of PEP in high-risk patients.
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Fig. 1.
Patient flow chart represents all patients who consented to participate in the study. Numbers
of patients excluded from the study, with reasons, are shown. A total of 156 were excluded.
Among these four patients (2%) received a pancreatic duct stent for high-risk PEP
prophylaxis but were not randomized at the request of the treating endoscopist.
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Fig. 2.
A pancreatic duct stent was successfully placed in 77 patients; 1 stent spontaneously fell out
during the endoscopic retrograde cholangiopancreatography (ERCP) procedure. A total of
64 patients (82%) had spontaneous passage (n = 56) or non-passage (n = 8) documented
within 2 weeks. Stent passage could not be classified in 13 patients (17%): 7 patients (5-Fr
group, n = 5; 3-Fr group, n = 2) had abdominal X-rays taken > 18 days after placement, and
6 patients (5-Fr group, n = 3; 3-Fr group, n = 3) had endoscopic removal of the stent <10
days after placement. Stents were removed because of concern about stent occlusion in 5
patients (1 patient with mild post-ERCP pancreatitis). One pancreatic duct stent was
exchanged during follow-up ERCP on day 2 after failed biliary cannulation on index ERCP.
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Fig. 3.
Time required for stent placement. a Requirement of greater than average amount of time (≥
10 min) for stent placement occurred more frequently in the 3-Fr group compared with the
5-Fr group (P = 0.051). b Requirement of less than half the average amount of time for stent
placement (≤ 5 min) occurred more frequently in the 5-Fr group compared with the 3-Fr
group (P = 0.011). c Box plot of absolute time (minutes) required for all stent placements for
3-Fr and 5-Fr groups. Third quartile, median and first quartile data are represented
numerically.
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Table 1

Demographic data and indications for stent placement.

5-Fr group n = 38 3-Fr group n = 40 P value

Female, n (%) 35 (92 %) 34 (85 %) 0.482

Age, years, mean (SD) 46 (17.9) 44 (16.4) 0.667

Primary indication for pancreatic duct stent

 Pancreatic sphincterotomy 2 9 0.030*

  Minor papilla sphincterotomy 7 5

  SOD confirmed by manometry 5 11

  Suspected SOD with normal manometry 4 3

  Suspected SOD without manometry 6 6

  Ampullectomy 6 2

  Precut sphincterotomy 1 2

  History of post-ERCP pancreatitis 1 2

  Difficult cannulation 6 0

SD, standard deviation; SOD, sphincter of Oddi dysfunction; ERCP, endoscopic retrograde cholangiopancreatography.

*
Based on Fisher’s exact test of primary indication by stent type.
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Table 2

Outcomes of stent placement during endoscopic retrograde cholangiopancreatography (ERCP) in 78 patients.

5-Fr group 3-Fr group % difference (95 %CL)

Patients randomly allocated to stent type 38* 40†

Spontaneous passage confirmed at 2 weeks 26 (68.4 %) 30 (75.0 %) − 6.6 % (− 26.5 %, 13.4 %)

Non-passage confirmed at 2 weeks 4 (10.5 %) 4 (10.0 %) 0.5 % (− 13.0 %, 14.0 %)

Late spontaneous passage 5 (13.2 %) 2 (5.0 %) 8.2 % (− 4.5 %, 20.9 %)

Early stent removal 3 (7.9 %) 3 (7.5 %) 0.4 % (− 11.4 %, 12.2 %)

*
Two patients crossed over to a 3-Fr stent at the discretion of the endoscopist.

†
 One stent dislodged during ERCP and was not replaced, and seven patients crossed over to a 5-Fr stent at the discretion of the endoscopist.
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