
Introduction
The randomized controlled study is the gold standard for defi-
nitive evaluation of therapeutic interventions. Central to the
concept is that patients, caregivers, and those evaluating the
outcomes are blinded to the treatment assignment. This is rela-
tively easy to arrange when evaluating medications, because
placebo pills can be provided that look identical to the active
medication. The situation is much more complex and many
practical issues arise when dealing with surgical or endoscopic
interventions. The main difference is that, in order for them to
be blinded to the treatment, patients in the sham arm of such
studies are subjected to the inconvenience and potential risks
(and possible scars) of an invasive procedure without any im-
mediate benefit. The ethical issues in this dilemma have been

argued strongly, but most authorities call for more such stud-
ies, albeit with important safeguards [1–6]. Supporting that
call is the fact that a review of 53 placebo-controlled surgical
studies found that half of them showed no benefit for surgery
over the sham procedure [7]. Similar conclusions have been
drawn when examining the practicality of performing sham-
controlled trials of endoscopic interventions [8].

The EPISOD study (Evaluating Predictors and Interventions
in Sphincter of Oddi Dysfunction) was a large National Insti-
tutes of Health-funded multicenter sham-controlled clinical
trial which showed that endoscopic sphincterotomy was not su-
perior to sham treatment in terms of reducing pain in patients
with suspected Sphincter of Oddi dysfunction [9]. We describe
the steps taken to maintain the treatment blind when planning
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ABSTRACT

Objective and study aims This study was designed to de-

monstrate the techniques used and the effectiveness of

blinding in the EPISOD study (Evaluating Predictors and In-

terventions in Sphincter of Oddi Dysfunction). This was a

large sham-controlled trial evaluating the efficacy of endo-

scopic sphincterotomy treatment for patients with suspect-

ed sphincter of Oddi dysfunction.

Patients and methods We describe the methods intend-

ed to ensure that the subjects, caregivers and those asses-

sing the outcomes were blinded to the treatment allocation

and systematically assess the success of subject blinding

procedures using the Bang’s Blinding Index (BI) for each

treatment arm as an indicator of potential unblinding.

Results Blinding procedures proved to be acceptable and

adhered to by the study team at each site. The BI indicated

“wishful thinking” by the subjects regardless of treatment

assignment, even when they were confident in their opi-

nions.

Conclusion We conclude that it is possible to design and

maintain a system for blinding the treatment allocation in

a sham-controlled interventional study. Treatment guess

plus confidence in the guess should be collected to examine

the success of blinding procedures. The EPISOD study pro-

vides a blueprint for future sham-controlled trials in endos-

copy.
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and executing the trial, and report the success of the blinding
procedures.

Patients and methods
Patients with burdensome biliary-type pain after cholecystect-
omy and no definite evidence for biliary pathology were invited
to participate in the study involving seven medical centers in
the United States. Those eligible and consenting (a total of
214 subjects) all underwent endoscopic retrograde cholangio-
pancreatography (ERCP) with sphincter of Oddi manometry,
under standard sedation or anesthesia. After successful per-
formance of manometry, they were randomized to sphincterot-
omy or to no therapeutic intervention (in a 2:1 allocation). All
subjects received a temporary pancreatic stent to reduce risk
of pancreatitis. Success was defined at the 12-month visit
post-randomization as a subject reporting fewer than 6 days of
disability due to their abdominal pain during a 90-day period
(during months 10–12). This self-reported outcome was meas-
ured by the RAPID (Recurrent Abdominal Pain Intensity and Dis-
ability) score, an instrument initially developed and validated
for the EPISOD study [10].

Numerous protocol-specified steps were taken to ensure
that the subjects, their caregivers, and research staff remained
blinded to the treatment allocation in the immediate and later
follow-up periods. In summary, the research coordinators in the
procedure room who supervised the randomization and docu-
mented the procedure were not involved in future assessments
of the subject’s progress; details of the actual treatment per-
formed were sealed in the research records and the subject’s
routine medical records indicated that the patient had under-
gone ERCP, manometry and temporary stenting, and “may
also have had biliary or dual sphincterotomy”; subjects were
not billed for the procedures or any overnight hospital stay,
these costs were funded by the grant; and, the research coordi-
nators calling the subjects each month were blinded. It was an-
ticipated that a small portion of subjects would need upper
endoscopy to remove their temporary pancreatic stent if it
had not passed spontaneously as planned. Endoscopists per-
forming these procedures were asked not to comment on the
appearance of the papilla. To reduce bias in assessment and
management of subjects who were unhappy with their pro-
gress, the study included support for each site to have an inde-
pendent “evaluating physician” who had not been involved in
the initial therapy and was unaware of the treatment arm to as-

sess these returning subjects. Subjects and their outside caring
physicians were told that they could be informed of treatment
assignment in an emergency, and a telephone “hot line” was
provided.

Subjects and the research coordinators were asked at
months 1, 3, 6, 9, and 12 post-randomization to provide their
“best guess” of the treatment allocation and to provide the
confidence level of their guess (a five-point scale ranging
from “Not at all” to “Extremely”). Repeated measures were col-
lected to capture changes in the “guess” during the long-term
follow up. The effectiveness of blinding was measured using a
blinding index (BI) that ranges from –1 to 1 and measures the
treatment-specific proportion of unblinded subjects taking
into account the confidence in the guess [11, 12]. A value of 0
indicates “random guessing” and successful treatment blind-
ing, a positive value indicates correct guessing of the treat-
ment assignment and a negative value indicates incorrect
guesses. When the BI values for each arm are symmetric
around 0 (BIShpc = -BIsham), the blinding can be considered
“wishful Thinking.” In addition to estimating the BI, potential
predictors of subjects correctly guessing the assigned treat-
ment were examined, including assigned treatment arm, con-
fidence in the guess, change in RAPID score from baseline, the
RAPID score at the specific visit, the treating site, specific visit
(months 3, 6, 9, and 12) and the interaction between RAPID
score and treatment arm. These potential predictors were ex-
amined using a generalized linear model for the binary out-
come of correct guess, accounting for repeated measures
within a subject. All analyses were conducted in SAS Version
9.3 (SAS, Cary NC).

The protocol for the EPISOD trial was approved by Institu-
tional Review Boards at all participating sites, and all subjects
gave informed consent.

Results
One subject who suffered retroduodenal perforation after the
ERCP procedure was thereby unblinded. No additional cases of
unblinding of subjects, caregivers or research staff in the im-
mediate post-procedure period were reported. Treatment allo-
cation was requested during follow-up in one case by a treating
physician, and was provided. There were no calls to the hotline.

The blinding questionnaire was captured on 213 of the 214
randomized EPISOD subjects. Each of the follow-up visits had a
minimum of 190 completed questionnaires. ▶Table1 illus-

▶ Table 1 Number of subjects by treatment assignment and subject’s guess for the 1-month post-randomization visit and the 12-month visit.

Guess

1-month 12-month

Assignment Sphincterotomy Sham Sphincterotomy Sham

Sphincterotomy 101 35 87 43

Sham 52 18 40 28

Total 153 53 127 71
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trates the assignment and subject’s guess for the 1-month and
12-month visits. Overall, both the subjects and the research co-
ordinators more often made the determination that they were
assigned to the sphincterotomy arm at each visit. ▶Fig. 1 illus-
trates the number of subjects and confidence in the guess by
visit for each treatment arm. Regardless of the visit and treat-
ment arm, it is shown that the majority of subjects strongly be-
lieved they were assigned to the sphincterotomy arm. Subjects
responded as “extremely” confident in their determination an
average of 28% over the visits. However, the accuracy of these
extremely confident cases was only 60%. For the coordinators,
fewer than 5% of all responses were rated “extremely” confi-
dent; of these 76% were accurate. For those less than “extre-
mely confident” in their guess, they were accurate 57% of the
time.

Site and visit did not have any association with correctly
guessing treatment assignment. Regardless of treatment re-
ceived, subject’s responses were strongly influenced by how
many days of disability they reported at that time, as shown in

▶Fig. 2. When their pain-related disability (RAPID score) was
high, subjects more frequently guessed that the sham arm was
their treatment assignment. When their RAPID scores were low,
subjects more often responded that they had undergone
sphincterotomy. This trend did not change when basing it on
the change in the days of disability from baseline.

▶Table2 illustrates the blinding index (BI) by treatment
arm for subjects. The BI estimate for the sphincterotomy arm
at 1 month is 0.397 (95%CI: 0.29, 0.50), indicating a signifi-
cant amount of correct guesses. The sham arm BI at 1-month

is –0.396 (95%CI: 0.-0.54,–0.27), indicating a significant
amount of incorrect guesses. Because the indices are approxi-
mately symmetric around 0, the BI values indicate “wishful
thinking.” When contrasting the 1-month BIs to the 12-month
BIs, the BIs at the end of the trial indicate that subjects are mak-
ing more random guesses at treatment assignment particularly
in the sham arm.

Discussion
Because of the strong placebo effect of surgical and endoscopic
therapeutic interventions, it is clear that maintaining the treat-
ment blind is essential if the results of a sham-controlled trial
are to be accepted as valid and reliable. This applies especially
in studies with soft endpoints, such as pain control [5, 8]. Blind-
ing is not difficult to achieve when two treatments are being
compared through the same entry point, for example when
comparing two endoscopic hemostatic techniques in patients
with gastrointestinal bleeding. Then it is necessary only for the
endoscopist and staff involved in the procedure not to disclose
the specific treatment, not to be involved in the subsequent as-
sessments, and for the patient not to be unblinded by clinical
reports or bills for specific instruments.

The situation is more challenging when an accepted treat-
ment is being compared to a sham intervention, because the
intervention must appear identical to the patients and to those
doing the outcome assessments. This adds ethical issues, which
have been widely and strongly argued [1–6]. Blinding can be
more difficult to achieve or be compromised if the active treat-
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▶ Fig. 1 The proportions of subjects and confidence in the guess by visit. Guess 1: Strongly believe the treatment is sphincterotomy, 2: Some-
what believe the treatment is sphincterotomy, 3: Somewhat believe the treatment is sham, 4: Strongly believe the treatment is sham, 5: Don’t
Know.
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ment causes pain (such as after mucosal ablation), or has com-
mon predictable effects (such as early satiety after bariatric
procedures, or dysphagia after fundoplication) [13]. Pancreati-
tis was a common adverse event in the EPISOD study, but the
incidence was the same in both treatment arms. However, the
patient who suffered retro-duodenal perforation (and her care-
givers) obviously realized that she had undergone sphincterot-
omy.

Blinding has been an essential element in dozens of sham-
controlled surgical and endoscopic trials [8–11], but we have
not found reports of the precise details of how this has been de-
signed, or the rates of success. Furthermore, few trials have
queried patients and research staff about their best guesses.
Randomization and blinding are acceptable only if approved by
Institutional Review Boards, and applicable only if patients un-
derstand and consent.

Blinding proved to be acceptable to subjects, as illustrated
by the fact that only 5% of those potentially eligible declined
enrollment for that specific reason. Equally important, the
methods proved to be effective, in that there were no unex-
plained cases of unblinding. Only one subject was unblinded
due to a perforation. The 2:1 allocation (sphincterotomy:
sham) may have improved acceptance rates but this is difficult
to prove. The BI estimates support the conclusion of successful
blinding in the trial and indicate that subjects had “wishful
thinking.” Because of the symmetric nature of the BI estimates
between the two treatment arms and the 2:1 allocation, it is
reasonable to conclude that the EPISOD trial may have experi-
enced response bias such that randomized subjects more often
believed that they received a sphincterotomy. A potential re-
sponse bias is also evident in the accuracy of the guess and the
RAPID score. It is not surprising that subjects who reported
more disability guessed that they received the sham treatment
arm, or that subjects that reported less disability guessed the
sphincterotomy arm. As Bang and others have pointed out in
their theoretical work on the BI, an important point is that
“wishful thinking” or “random guess” are both “ideal blinding
scenarios” that incur minimal bias associated with belief about
allocation [11, 12].

Conclusion
This report shows that it is possible to design and maintain a
system for blinding the treatment allocation in a sham-con-
trolled interventional study, and provides a blueprint for future
trials.
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▶ Fig. 2 Disability days (RAPID Score) by accuracy of treatment
determination by the subject, by assigned treatment arm and study
visit

▶ Table 2 Blinding Index for subjects.

Visit BI for TX 95% CI

(Lower)

95% CI

(Upper)

BI for

Sham

95% CI

(Lower)

95% CI

(Upper)

Total #

sham arm

Total #

TX arm

Month 1 visit 0.397 0.295 0.499 –0.396 –0.537 –0.256 70 136

Month 3 visit 0.341 0.243 0.440 –0.381 –0.524 –0.238 67 129

Month 6 visit 0.352 0.251 0.452 –0.228 –0.361 –0.095 67 128

Month 9 visit 0.220 0.120 0.320 –0.131 –0.258 –0.003 65 125

Month 12 visit 0.269 0.171 0.367 –0.188 –0.313 –0.062 68 130

BI, blinding index; TX, treatment; CI confidence interval.
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