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Abstract

Objective: Measuring outcomes, that are relevant to both the patient and clinician, in patients with
intermittent attacks of abdominal pain, remains challenging. The aim of this study was to examine
several definitions of ‘success’ for patients undergoing treatment for suspected Sphincter of Oddi
dysfunction and identify valid and reliable outcome measures for future research studies. Methods:
The recently completed EPISOD trial incorporated several patient reported outcome measures to deter-
mine improvement in patients’ pain and disability over time. The trial’s primary outcome was dichoto-
mized as ‘success/failure’ based on the days of disability due to episodic abdominal pain using the
RAPID, a 90-day patient recall instrument. Additional measures included the SF-36, frequency and
intensity of pain, and the Patient Global Impression of Change (PGIC), which were collected periodi-
cally during the long term follow up period. Correlations between the different instruments were calcu-
lated accounting for repeated measures within patients. Agreement using a dichotomized definition of
‘success’ was also examined. Results: There was a moderate negative correlation of the RAPID score
with the specific SF-36 physical domain scores of bodily pain, physical functioning and role limitation.
Negative correlations were expected since a higher RAPID score indicates greater role impairment and
a higher SF-36 score indicates higher levels of physical functioning. Aggregated one month assess-
ments of pain frequency correlated well with the results of the 90 day recall (= 0.84). When comparing
the dichotomized definitions of ‘success’, the RAPID and PGIC had a high percentage of agreement
(72%) and a moderate kappa coefficient of 0.44 (0.23, 0.65). Conclusion: These results support the
validity of the 90-day recall of the RAPID instrument and a dichotomized definition of success based
on disability days in patients with intermittent attacks of abdominal pain. We recommend using the
objective RAPID disability score and the subjective PGIC instrument in future studies.
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Introduction

Measuring pain and its response to treatment is an
important, but challenging, aspect of clinical practice and
related research. There are many well-validated instru-
ments for measurement of chronic daily pain, where
several use a simple visual analogue scale [1]. However,
the pains caused by gallstones and other biliary patholo-
gies, such as sphincter of Oddi dysfunction (SOD) are
episodic and vary in frequency among and within individ-
uals. Pain episodes can be severe, often interfere with
ability to function in primary roles, and can have a signifi-

cant impact on quality of life. Endoscopic sphincterotomy
has become a popular treatment, with uncertain benefit
and significant risk. The authors recently completed a
multicenter, blinded, randomized, sham-controlled clini-
cal trial (EPISOD - Evaluating Predictors and Interven-
tions in Sphincter of Oddi Dysfunction; Trial registration:
NCT 00688662) that examined the efficacy of sphincter-
otomy [2]. A major challenge in planning the study was to
measure the patient’s pain and disability, and its response
to treatment [3].
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Past research studies in SOD have not used structured
measures of pain to assess impact of treatments, but rather
have relied on subjective global end-points such as
“improved” or “very much improved”, without details of
the methods used to actually measure the outcomes [4,5].
One of the largest studies of endoscopic treatment
claimed success simply because most of the patients did
not return to the treating center for further intervention
[6].

We considered using daily diaries for the EPISOD
study, but concluded that a diary was too cumbersome for
the planned one year follow-up. For these reasons, we
developed the RAPID (Recurrent Abdominal Pain Inten-
sity and Disability) instrument to measure disability
within the previous 90 days due to abdominal pain [7].
The RAPID closely mirrors a validated instrument used in
migraine research and specialty care, the Migraine
Disability Assessment (MIDAS) questionnaire [8].
RAPID is a patient-completed instrument that asks 5
questions about the effect of the abdominal pain episodes
on the ability of patients to function in home/school, work
and play over the prior 90 days. A total score is derived
that ranges from 0 to 270 days (Supplement Table). Two
supplementary questions are asked regarding the frequen-
cy and intensity of pain over the prior 90 days. Details of
the rationale and the results of initial validation studies
have been published [2,7]. Previous studies showed that
the RAPID score had very good to excellent test-retest
reliability of 0.81 and 0.95 [7]. The goal of the present
study was to examine multiple measures of pain and
disability in this patient population, and how they
correlate with one another using the data from the recent-
ly completed EPISOD trial.

Methods

The EPISOD study was a multicenter, randomized,
blinded, sham-controlled clinical trial designed to assess
the efficacy of endoscopic sphincterotomy for the treat-
ment of patients suffering from suspected SOD. Nine U.S.
centers participated in the trial that randomized a total of
214 patients to either endoscopic sphincterotomy or sham
treatment (irrespective of the results of sphincter manom-
etry) [2]. Local institutional review board approval was
obtained at all participating sites and written informed
consent was obtained from the patients prior to study
enrollment. Patients were initially followed quarterly for
one year by telephone from the central site, and complet-
ed the RAPID and SF-36 quality of life instruments.
Participants also completed questions each month on a
one-month recall of the frequency (days of abdominal
pain) and pain intensity (scale 1-10) in the previous
month. The primary study outcome was dichotomized as
success or failure. Success was defined as patients having
a RAPID score of <6 days at months 9 and 12 post-proce-
dure, without re-intervention and without use of narcotic
analgesics.

A supplemental grant award allowed the extension of

the follow-up period to a maximum of 5 years, and
consenting patients continued to complete the RAPID
every 6 months and SF-36 questionnaires every 12
months. They were asked also for their overall assessment
of the outcome of their treatment every 6 months from
Months 42 through 60, using the Patient Global Impres-
sion of Change (PGIC) instrument [10]. The PGIC asks
the patient, since the initial randomized treatment, wheth-
er their overall status is: Very Much Improved; Much
Improved; Minimally Improved; No Change, Minimally
Worse, Much Worse or Very Much Worse. Success was
defined as a patient response of ‘Much Improved’ or
‘Very Much Improved’ with no narcotic use at the last
time of response and no re-intervention. The success
criterion for RAPID in the long-term follow phase was a
score of <6 days without narcotic use on the last recorded
visit and no re-intervention.

External validity of the RAPID score (disability due
to pain over the past 90 days) was examined in relation to
the four-week recall of the physical domain scores of the
SF-36 during the entire follow up period of EPISOD.
Correlations were calculated to measure the strength of
the association between the RAPID score and the SF-36
composite physical score and the domain specific scores
of bodily pain, physical functioning and physical role
limitation. The RAPID score and the RAPID frequency of
pain question also were correlated with the monthly
abdominal pain assessment (i.e., days of abdominal pain
in the previous month). The monthly abdominal pain days
were summed over a consecutive 3-month period and
compared to the corresponding 90-day RAPID (i.e.,
Month 3 RAPID and Months 1-3 monthly pain days,
Month 6 RAPID and Months 4-6 monthly pain days).
Mean and median values of each measurement were
examined by visit. All correlations were adjusted for
repeated measures (corresponding baseline through all
follow up visits) using a linear mixed effects model and
fitted using SAS PROC MIXED [9]. For this analysis,
data collected at a particular visit were excluded if either
relevant measure was missing. The EPISOD study
involved active- and sham-treated patients. All were
included in the analysis, since treatment was not expected
to impact the correlation between measurements within a
study participant. The distribution of long-term outcomes
as measured by RAPID and SF36 during the long-term
follow up phase were compared with the corresponding
PGIC response as well as the agreement between the
primary definition of success. Two alternative definitions
of a 50% change from baseline and a 75% change from
baseline in the final RAPID score were examined. All
authors had access to the study data and reviewed and
approved the final manuscript. All analyses were conduct-
ed using SAS Version 9.3 or higher (SAS, Cary, North
Carolina).

Results
The EPISOD trial randomized 214 participants. Figure
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1 shows the distribution of RAPID scores and Sf-36
domain scores by visit. The average number of days with
disability due to abdominal pain (RAPID score) at the
baseline visit was 84.5 (SD: 58.1; median: 73.5). At
month 3 the mean RAPID score was 31.6 (SD: 52.4;
median: 5) and remained at this level through Month 12
where it was 32.8 (SD: 56.5; median: 3). The baseline
visit SF-36 physical composite score was 38.7 (SD: 7.9;
median: 39.2), compared to a healthy population score of
50 (SD: 10). The score improved to 45 (SD: 8; median:
47) by Month 3 and was maintained at this level during
follow up with a slight improvement at Month 12 with a
mean score of 45.9 (SD: 9.6; median: 48). The additional
SF-36 domain scores showed similar patterns.
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Figure 1. Median Instrument Scores over Visits

The correlation accounting for repeated measurements
across visits between the RAPID score and the SF-36
physical composite score was -0.54. A negative correla-
tion coefficient was expected since a higher RAPID score
indicates greater role impairment and a higher SF-36
score indicates higher levels of physical functioning. The
correlation of the RAPID score with specific SF-36
domain measures were -0.55 for bodily pain, -0.41 for the
physical functioning, and -0.60 for the physical role
limitations (Table 1). The correlation between the RAPID
score and the patient reported monthly abdominal pain
question (i.e., days of abdominal pain in the previous
month) was 0.54. When comparing the specific RAPID
question on frequency of pain in the past 90 days to the
monthly abdominal pain question summed over a
3-month consecutive period, the correlation was 0.84.

During the long-term follow up period, the distribu-
tion of the RAPID change from baseline scores as well as
the change in pain frequency and intensity correlated well
with the PGIC responses, indicating a decrease in these
outcome for subjects with reports of improvement (Figure
2a). For the two cases which reported ‘Very Much
Worse’, this was from the same subject at Months 54 and
60. Despite having a decrease in pain-related disability by
almost 70days, this subject had a re-intervention at
Month24 and reported no change in the frequency and a
decrease in intensity by 1 grade. For the seven cases in the

‘Minimally Worse’ response category, six were from
unique subjects. Two of the subjects did not have a re-in-
tervention. One of these subjects had a baseline RAPID
score of 13, which decreased to 0 days of disability by
Month 54. That small change corresponded with a large
decrease in the frequency (35day difference) and intensity
(decrease by 2 grades) of pain. The other subject reported
98 days of disability at baseline, which reduced to 8days
at Month 60 with no change in frequency or intensity of
pain attacks. The change from baseline in the SF-36 over-
all physical and mental composite scores as well as the
individual pain domain all coincided with higher post
baseline scores (better physical/mental status) for subjects
with reports of improvement (Figure 2b).

Examining the most appropriate definition of ‘success’
based on the final visit included comparing the PGIC
success definition of ‘Very Much Improved’ and ‘Much
Improved’ to the RAPID success definition as well as a
change from baseline in the RAPID score of 50% and
75%. These definitions incorporate the requirement of no
re-interventions and no narcotic use since the last contact
period. Based on Table 2, the percent agreement by
definition was 72%, 73% and 78%. The corresponding
kappa values were 0.44 (95% confidence interval: 0.23,
0.65), 0.44 (0.21, 0.66), and 0.55 (0.34, 0.76).
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Figure 2a. Mean Change from Baseline in RAPID Score, Pain
Frequency and Intensity

Discussion

The assessment of benefit is central to establishing the
value of a treatment. This is especially difficult when
dealing with a subjective symptom end-point such as
pain, since that may be affected by many factors. There
are many well-validated instruments for measurement of
pain when it occurs every day, where several use a simple
visual analogue scale [1]. The RAPID instrument was
developed to measure disability from abdominal pains
that occur only in unpredictable intermittent attacks (Sup-
plementary Table 1). We used data from the EPISOD trial
to assess the external validity of the RAPID among
patients suffering intermittent abdominal pain and exam-
ined other measurements of patient pain and disability.

The RAPID score (90 day recall of days of disability
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Table 1. Correlation Between Total RAPID Score and SF-36 Aggre-
gate T-Score and Individual Physical Domains

SF36 Domains Specific Question Correlation
with  RAPID
Score
Physical Composite | - -0.54
Bodily Pain How much bodily pain |-0.55
have you had in the past
4 weeks?
During the past 4 weeks,
how much did pain
interfere  with  your
normal work (including
both work outside the
home and housework)?
Physical Function- Vigorous activities such [-0.41
ing as running, lifting heavy
The following items | objects,
are about activities | participating in strenuous
ou might do during | sports:
a typical day. Does | Moderate activities such
our health now limit | as moving a table,
ou in these activi- | pushing a  vacuum
ties?  If so, how | cleaner, bowling, or
much? Please check | playing golf:
the circle that comes | Lifting or  carrying
the closest to the way | groceries:
ou have been | Climbing several flights
feeling. of stairs:
Climbing one flight of
stairs:
Bending, kneeling, or
stooping
Physical Role Cut down on the amount |-0.60
Limitation of time you spent on
During the past 4 | work or other Activities:
weeks, have you had | Accomplished less than
any of the following | you would like:
problems with your | Were limited in the kind
work or other regular | of work or other activi-
daily activities as a | ties:
result ~ of  your | Had difficulty perform-
physical health? ing the work or other
activities (for example, it
took extra effort):
Table 2. Agreement in Definitions of Success
Agreement | RAPID <6 50% Change |75% Change
Success | Failure|Success | Failure | Success | Failure
Total |34 31 34 31 34 31
PGIC|Failure | 21 5 21 5 21 5
Success | 13 26 13 26 13 26

due to pain) was compared with various external
measures of general physical health and well-being from
the SF36 (4week recall as well as overall health in past
year) and a monthly recall of days of abdominal pain. The
modest correlations between the RAPID score and the
SF-36 physical composite and domain specific scores
were somewhat expected as the two instruments do not
measure the exact same spectrum. The SF-36 physical
domain offers a broad measure of functional health and

well-being that can be influenced by the overall health
status of the patient. The RAPID score is more narrowly
focused on impaired role function attributable to abdomi-
nal pain episodes. As such, the SF-36 physical domain
score is subject to more external influences than is the
RAPID score. This was evident in the stronger correlation
between the RAPID score and the more specific physical
role limitation domain score of the SF36 as these two
scores represent impairment to role function and focus on
what a patient cannot do due to their health status. The
monthly abdominal pain assessment was a measurement
of the frequency of pain days and expressed as a summa-
tion of the total pain days in a three month recall period.
Similar to each of the SF-36 domain scores, the abdomi-
nal pain score was moderately correlated with the RAPID
Score. The validity of a 90-day recall for pain days was
confirmed by the strong correlation between the overall
frequency of pain reported from the RAPID and the
self-reported total pain days from the monthly assess-
ments.

The PGIC instrument allows patients to grade their
subjective assessment of benefit. We showed that the
responses moderately correlated with the change in days
of disability, and change from baseline, as measured by
the RAPID. However, it also revealed that the frequency
and intensity of pain play a role in the relationship
between disability and overall impression of benefit. This
was a similar finding when examining the agreement
between the RAPID and PGIC definitions of success,
controlling for re-interventions and narcotic use. When
using a strict definition of success (RAPID score <6),
patients tended to report much or very much improved
more often, even when the RAPID score was greater than
5 days. When the RAPID success criteria were relaxed to
a 50% or 75% decrease from baseline, the disagreement
between the two measures was reduced but not eliminat-
ed. Although a patient may have low disability days or a
large decrease in disability, they do not always associate
this with being improved.

These results highlight the complexity in defining
clinically relevant outcomes when studying interventions
to relieve intermittent pain. The choice of outcomes that
measure the disability due to pain versus the pain itself
need to be considered as the tolerability threshold for not
working or participating in daily activities due to pain will
vary among the population. Overall, there is utility of the
RAPID instrument for measuring the disability due to
pain as well as the intensity and frequency of the pain in
patients with intermittent abdominal pains in the context
of suspected SOD (patients with pain following cholecys-
tectomy). It should be suitable for use in patients with
gallstones, other episodic painful abdominal conditions,
and indeed for diseases in other systems.

Since this work was completed, there have been publi-
cations reviewing published patient-reported outcomes
for GI diseases (but not mentioning RAPID) [11], and
reporting the “Development of the NIH Patient-Reported
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Outcomes Measurement Information System (PROMIS)
Gastrointestinal Symptom Scales” [12]. The latter
includes a measurement tool for “belly pain” which asks
patients about their pain over only the prior 7 days. Whilst
this might be sufficient for patients with some functional
digestive disorders, it would not be for the biliary pains,
which can be much less frequent. The current and previ-
ous studies confirm the reliability of the 90 day recall for
the RAPID instrument, which makes it easy to apply in
practice.

A question that needs more study and discussion is
what decrease in the RAPID score should define “suc-
cessful” treatment. That likely will depend on the patient
population, the severity of the symptoms and the
perceived likely burdens and risks of the treatment. The
EPISOD study required a decrease to a score of <6 days
of disability (which turned out to be a reduction from
baseline of roughly 94%). We had planned a stringent
criterion because of the risks involved in the treatment,
but, in retrospect, that may have been too high a hurdle.
However, that did not impact the results of the trial since
the active and sham arms fared the same, even when we
explored the use of lesser criteria, i.e., reduction in
RAPID of 50% and 75%. In a comparable situation,
patients undergoing cholecystectomy for “gall bladder
dyskinesia”, we found significant variations in patient’s
expectations (13). Only 50% stated that their pain would
have to be removed completely for them to judge the
treatment as successful. Perhaps not surprisingly, the
others felt that partial relief would be worthwhile, assum-
ing no serious adverse events.

Conclusion

The objective measure of success, the RAPID score,
correlated well with the patient’s subjective assessment
using the PGIC instrument. We recommend that both be
used in future studies of treatment for episodic abdominal
pains.
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