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Abstract

Objective: Sphincter of Oddi Disorders (SOD) are contentious conditions in patients whose
abdominal pain, idiopathic acute pancreatitis (iAP) might arise from pressurization at the sphincter
of Oddi. The present study aimed to measure the benefit of sphincterotomy for suspected SOD.

Design: Prospective cohort conducted at 14 U.S. centers with 12 months follow-up.

Patients undergoing first-time ERCP with sphincterotomy for suspected SOD were eligible:
pancreatobiliary-type pain with or without iAP. The primary outcome was defined as the
composite of improvement by Patient Global Impression of Change (PGIC), no new or increased
opioids, and no repeat intervention. Missing data were addressed by hierarchal, multiple
imputation scheme.

Results: Of 316 screened, 213 were enrolled with 190 (89.2%) of these having a dilated bile
duct, abnormal labs, iAP, or some combination. By imputation, an average of 122/213 (57.4%
[95%CI 50.4-64.4]) improved; response rate was similar for those with complete follow-up
(99/161, 61.5%, [54.0-69.0]); of these, 118 (73.3%) improved by PGIC alone. Duct size, elevated
labs, and patient characteristics were not associated with response. AP occurred in 37/213 (17.4%)
at a median of 6 months post-ERCP and was more likely in those with a history of AP (30.9 vs.
2.9%, p<0.0001).

Conclusion: Nearly 60% of patients undergoing ERCP for suspected SOD improve, although
the contribution of a placebo response is unknown. Contrary to prevailing belief, duct size and labs
are poor response predictors. AP recurrence was common and like observations from prior non-
intervention cohorts, suggesting no benefit of sphincterotomy in mitigating future AP episodes.
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Introduction

Methods

Abdominal pain is common and often associated with overlapping disorders of gut-brain
interaction (DGBI). Functional sphincter of Oddi disorders (SOD) are defined by episodic
abdominal pain that bear a resemblance to discomfort originating from the biliary tree,
pancreas, or both, but equating pain unequivocally with SOD is not possible.2 Few
disorders incite more controversy than SOD since there is no diagnostic test to prove that the
sphincter is the source of pain and prospective studies evaluating the benefit of endoscopic
sphincterotomy have been inconsistent.3-6

Physician-defined characteristics of SOD include the presence of a dilated common bile duct
(CBD), elevated liver or pancreas chemistries associated with pain,” and a more discrete
subtype which are those idiopathic recurrent acute pancreatitis (iRAP). The latter represents
a diagnostic spectrum ranging from radiographic changes definitive for acute pancreatitis

to only pain with elevated pancreas biochemistries.8 In fact, experts do not consider pain
associated with a dilated duct and abnormal biochemistries as SOD: this has been renamed
papillary stenosis and sphincterotomy is recommended based on historical studies.®

Physician-defined characteristics of SOD are not as objective as originally conceived. Duct
dilation is an imperfect clinical biomarker given the prevalence of physiologic dilation that
occurs with cholecystectomy, aging, and opioid use.? Similarly, the specificity of elevated
liver chemistries as an SOD indicator is compromised by the high baseline rate of metabolic
dysfunction associated steatotic liver disease (MASLD, estimated prevalence 10-35%)10 as
well as abnormal aminotransferase levels in the general population (estimated prevalence
10-30%).11-13 Finally, iRAP is a subjective diagnosis since physicians commonly diagnose
acute pancreatitis in the absence of radiographic changes and deeming a case idiopathic
varies across clinical practices and individual cases.

Given inconsistent outcomes and variability in current clinical practice, the Results of
ERCP for SPhincter of Oddi Disorders (RESPOND) was a multicenter, prospective cohort
study designed to measure the 12-month response to sphincterotomy, as defined by patient-
reported outcome measures (PROMSs), among patients undergoing ERCP for suspected
SOD.

Study Design, Setting, and Participants

RESPOND was a prospective cohort study conducted at 14 U.S. medical centers. Eligible
patients included those age = 18 years and offered ERCP with sphincterotomy for suspected
SOD and no history of endoscopic sphincterotomy between January 2018 and March 2022.
This included all SOD subtypes: 1) Biliary: pain with a dilated bile duct, elevated liver
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chemistries, or both, 2) Pancreatic: idiopathic acute pancreatitis, diagnosed radiographically
or by elevated pancreas chemistries alone, and 3) Mixed type: characteristics of both

Biliary and Pancreatic. For centers participating in the Stent vs. Indomethacin trial (SV1),14
patients could be enrolled after their ERCP and then followed prospectively to the

primary endpoint. Patients with chronic pancreatitis, pregnancy, or a psychiatric disorder
that precluded obtaining informed consent were excluded (study protocol is availablein
supplemental materials). A history of cholecystectomy was not required for participation if
the treating physician recommended ERCP as the initial intervention. Similarly, sphincter
of Oddi manometry was not required since most participating providers performed empiric
sphincterotomies and manometry’s poor reproducibility and clinical utility.1®> The study was
reviewed and approved by the Human Subjects Protection Office at each participating center
before commencement of enrollment (STUDY 00023508 at primary institution, Oregon
Health & Science University).

After signing informed consent, patients completed a baseline assessment before the ERCP
procedure during which they completed a series of validated questionnaires designed

to characterize their pain, pain-related disability, relevant medical history, and factors

such as underlying somatization, depression, anxiety, expectation of response, and recent
opioid utilization (supplementary table 1). Bile duct diameter was recorded using magnetic
resonance cholangiopancreatography, computed tomography, and ERCP, with dilation being
defined as = 12mm on any.® A less stringent definition for bile duct dilation was considered
but did not impact the results significantly (data not shown). Similarly, an abnormal
biochemistry was defined by a liver biochemistry (AST, ALT, or alkaline phosphatase) >

2x upper limit of normal (ULN) or > 3x ULN for pancreas chemistry (amylase or lipase).

During ERCP, the treating physician performed biliary, pancreatic, or dual sphincterotomies
per their clinical judgement. Patients received periprocedural rectal indomethacin and a
prophylactic pancreatic duct stent was placed per clinical judgement or per treatment
allocation in the SVI trial if applicable.

Following ERCP, patients were followed quarterly in-person or by telephone for 12
months. During these visits, patients completed a series of validated, patient-reported
outcome measures, queried for recent opioid and other medication use for their abdominal
symptoms, hospitalizations for abdominal symptoms, and whether additional interventions
were performed for their symptoms.16

Primary and secondary outcomes

The primary outcome definition of success was determined at 12 months and was a
composite of the Patient Global Impression of Change (PGIC) rated as “much improved” or
“very much improved”, without the need for a repeat ERCP or other abdominal intervention,
and the same or less days of prescription opioid use during month 12 compared to the

month preceding the index ERCP. Secondary outcomes included the change (from baseline)
in pain-related disability measured by the Recurrent Abdominal Pain Intensity and Disability
(RAPID) instrument,1’ physical and mental health summary scores as well as sub-scores
derived from PROMIS-29.18 Acute pancreatitis, defined by revised Atlanta criterial?, was
deemed non-iatrogenic unless it occurred within 30 days of the index or a follow-up ERCP.
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Statistical analysis

The original sample size estimate was 360 subjects enrolled at sites participating in the SVI
trial. This was based on SVI’s original sample size and rate of treatment naive subjects
enrolled in SVI at the time of this study’s inception (33%); RESPOND enrollment began

28 months after SVI. A sample size of 360 would have resulted in a confidence interval
width on our estimated proportion of success to be approximately 10£5%. Enrollment in
RESPOND was lower than anticipated because of a smaller proportion of eligible subjects in
SVI (24% after commencement of RESPOND) and the COVID-19 pandemic. Recruitment
was terminated early due to funding expiration and analysis demonstrating a confidence
interval width like our original estimate.

The prespecified primary analysis was an unadjusted primary outcome success proportion
with a two-sided 95% confidence interval. Secondary outcomes were assessed for
association with the primary outcome via a generalized linear model with log link and
Poisson distribution, with the primary outcome as the dependent variable and the secondary
outcome as the independent variable. Models were adjusted for the baseline value of the
secondary outcome. The Poisson distribution was used due to convergence issues with

the prespecified binomial distribution. For safety outcomes, the unadjusted proportion and
two-sided 95% confidence interval was estimated.

For subjects missing primary outcome data, we followed a hierarchical imputation scheme,
which included multiple imputation. Single imputation was used if subjects were missing
outcome due to death, had partial 12-month follow-up data, or had 9-month follow-up
data. Otherwise, multiple imputation was used, which allows for the uncertainty of missing
data by creating several different plausible imputed data sets and appropriately combining
results obtained from each of them.20 Multiple imputation assumed data were missing at
random and a sensitivity analysis was conducted to assess the impact of missing data.
Specifically, PROC Ml in SAS version 9.4 was used to create 20 datasets by substituting
missing data points with reasonable values, which are estimated using an imputation model
that included baseline covariates. Many hypothetical but complete datasets were thereby
generated, each of which was analyzed separately; the results were then combined using
PROC MIANALYZE. Sensitivity analyses included restricting the population to those with
complete data available.

For subjects missing baseline or 12-month RAPID or PROMIS-29, the missing assessment
was imputed using multiple imputation and baseline to 12-month change calculated.
Subjects missing both baseline and 12-month assessment were excluded from the analysis.

Two multivariate logistic models associated with the imputed primary outcome were
constructed. The first model considered physician-defined characteristics of SOD: elevated
liver chemistry >2x ULN, bile duct diameter = 12mm, and history of idiopathic acute
pancreatitis. The second model considered baseline patient characteristics suspected to have
an association with the primary outcome by univariate testing (p < 0.10).
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Patient and Public Involvement

Patients or the public were not involved in the design, conduct, reporting, or dissemination
plans of our research.

Results

Enrollment and follow-up

During the study period, 316 patients were screened for eligibility and 216 were consented
to participate. Three were excluded due to inability to complete ERCP (2) or missing
informed consent documentation (1). Of the remaining 213 subjects, 179 (84.0%) were
enrolled prior to their index ERCP and 34 (16.0%) after ERCP but prior to their assessment
of the primary outcome (figure 1). The baseline demographics of these two subgroups were
similar (data not shown). A total of 169 (79.3%) completed 12-month follow-up, 36 (16.9%)
were lost to follow-up, 5 (2.3%) withdrew consent, and 3 (1.4%) died.

Baseline characteristics

The cohort was predominantly female sex (80.8%), non-Hispanic White (82.6%), and
middle aged (50.6 + 14.9 years, table 1). 110/213 (51.6%) had a history of at least

one episode of acute pancreatitis in their lifetime, 99 (46.5%) within 12 months of their
ERCP, and 86 (40%) had two or more episodes. The majority had previously undergone a
cholecystectomy, were nonsmokers at the time of enrollment, and drank little to no alcohol.
A substantial number of patients had concomitant comorbidities suspected to confound

their clinical presentation with abdominal pain, abnormal liver chemistries, or both,
including irritable bowel syndrome (41.8%), MASLD (19.7%), fibromyalgia (14.1%), and
gastroparesis (8.0%). Most (190/213, 89.2%) subjects presented with one or more physician-
defined characteristics of SOD (duct dilation, abnormal pancreatobiliary biochemistries,
and/or acute pancreatitis history), leaving 23 (10.8%) with none of these features, suggestive
of type 111 SOD using the Rome I11 definition.

The majority (143/169, 84.6%) had some degree of abdominal pain within 7 days of their
index ERCP (table 2); the median number of pain days was 30 in the last 90, rated as a
median of 7/10 and resulting in a median pain burden of 180 (interquartile range: 60, 495).
Most patients characterized their pain as nociceptive (112/168, 66.7%). Approximately 1/3"
of patients had low physical or mental health, whereas nearly half of participants had a high
likelihood of somatization. Opioids were used within 30 days of ERCP in 62/171 (36.3%).
The majority (90/166, 54.2%) expected their pain to be very much better or completely gone
to consider the procedure as successful.

Procedure characteristics

During ERCP, only 2/212 (0.9%) of patients underwent sphincter of Oddi manometry.
However, most patients underwent a biliary sphincterotomy (204/213, 95.8%), pancreatic
sphincterotomy (26/213, 12.2%), or both (20, 9.4%); 2 (0.9%) underwent a precut
sphincterotomy alone and 1 (0.5%) did not have any sphincterotomy performed. A serious
adverse event developed within 30 days of the index ERCP in 68/213, (31.9%); 22/213
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(10.3%) developed post-ERCP pancreatitis (1 classified as life threatening), and 1/213
(0.5%) perforation (supplementary table 2).

Primary outcome: improvement following ERCP

Among 213 patients who underwent ERCP, an average of 122 (57.4% [95%CI 50.4-64.4])
met the imputed primary outcome for success at 12-month follow-up. The response rate
changed minimally using the partial hierarchal imputation method: 103/179 (57.5% [50.3-
64.8]). In a sensitivity analysis restricted to patients with complete follow-up data (n=161),
the response rate was similar (99/161, 61.5%, [54.0-69.0]). Of those with complete follow-
up data, 118 (73.3%) met the primary success by PGIC alone but 19 failed due to the need
for additional procedures (n=15), new or increased need for opioids (n=3), or both (n=1).

Secondary outcome: development of acute pancreatitis > 30 days after ERCP

During 12-month follow-up, 37/213 (17.4%) developed at least one episode of non-
iatrogenic acute pancreatitis at a median of 6 months after the index ERCP. Non-iatrogenic
acute pancreatitis was more likely if the patient had a history of acute pancreatitis prior to
the index ERCP (30.9%, p<0.0001, figure 2), but some (n=3, 2.9%) events occurred in those
with no prior history of non-iatrogenic acute pancreatitis; one had developed post-ERCP
pancreatitis and none had undergone a pancreatic sphincterotomy during their index ERCP.

Relationship between physician defined SOD, patient characteristics, and outcome

There were no significant differences in success rates when patients were classified using
the physician-defined criteria for SOD, with success rates in biliary type | (51.3%), type

11 (51.6%), type 111 (53.6%), pancreatic (56.1%), and mixed type (67.5%) being similar
(p=0.4152) (table 3). Similarly, a history of acute pancreatitis (60.7 vs. 53.8%, p=0.3560),
an elevated liver chemistry > 2x ULN (60.4 vs. 56.1%, p=0.5627), and bile duct dilation =
12mm (56.8 vs. 57.6%, p=0.8062) did not correspond with a higher likelihood of success.
Multiple patient characteristics potentially associated with response to sphincterotomy were
evaluated by univariate analysis, with key comparisons summarized in table 4. The most
significant negative associations with the primary outcome were prescription opioid use in
the last 30 days (46.8 vs. 66.3%, p=0.0236), low baseline physical health (50.0 vs. 66.2%,
p=0.0512), and high likelihood of somatization at the time of index ERCP (52.6 vs. 67.0%,
p=0.0750). There was no association between response to ERCP and a past medical history
of irritable bowel syndrome, MASLD, gastroparesis, smoking, pain subtype (nociceptive
or neuropathic), and cholecystectomy covariates (having a prior cholecystectomy, having
stones/sludge at cholecystectomy, and having pain similar to that which preceded their
cholecystectomy.

Multivariate analysis

Physician-defined characteristics of SOD were not associated with a higher likelihood of
response to ERCP with sphincterotomy (table 5). In a regression model which considered
patient characteristics associated univariately (p < 0.10) with response, none of these factors
proved to be independently associated with improvement. Recent opioid use (multivariate
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odds ratio 0.53 [0.26 — 1.08], p=0.0810) appeared to be the most important patient factor but
did not remain statistically significant in the final model.

Secondary outcomes

Success defined using the prespecified primary outcome corresponded with change in pain-
related disability (mean change in RAPID score from baseline, -41.2 vs. —28.6 for those
who failed the primary outcome, p = 0.0127). There was no association between change in
RAPID score and bile duct diameter in the complete case population: consistent with the
analysis of outcome according to Rome 111 SOD subtype, there was no correlation between
increasing bile duct diameter and reduction in RAPID score (p=0.6303, supplemental figure
1). Summary physical (6.0 vs. 2.8, p = 0.0294) and mental (7.6 vs. 3.2, p=0.0140) health
scores improved significantly among patients meeting the study’s primary outcome for
success. In the complete case population and except for anxiety, change in PROMIS-29
sub-scores was significantly associated with the study’s primary outcome (supplementary
table 3). At the 12-month visit, the number of patients who required opioids for abdominal
pain in the past 30 days decreased from 62/171 (36.5%) to 24/169 (14.2%).

Discussion

Sphincterotomy for suspected pancreatobiliary pain

Is SOD a fabricated etiology for abdominal pain? Many clinicians do not believe SOD is
real, and even fewer admit to performing ERCP to ameliorate it (at least by coding data).?L:
22 The RESPOND cohort represents a population who share a common characteristic:

their treating physician interpreted their abdominal pain and other signs as concerning

for SOD and recommended an ERCP with sphincterotomy to address them. This is

a common problem, especially in the U.S. where > 1 million cholecystectomies are
performed annually and a growing proportion return for a first-time ERCP > 1 year
postoperatively; these individuals have higher rates of morbidity following these delayed
ERCPs, likely because many have SOD-like characteristics.23 Clinicians have the daunting
task of trying to determine the etiology of a patient’s abdominal pain when it is clear that
pain may manifest similarly yet originate from multiple organs and is often confounded

by overlapping disorders of gut brain interaction.?: 24-26 This issue of cross-sensitization
imposes a substantial challenge in differentiating pain origin. A reliable blood or imaging
test to confirm that pain is originating in the gallbladder, sphincter of Oddi, or pancreas

is lacking, and RESPOND confirms that standard pancreatobiliary chemistries and duct
size are inadequate prognosticators. Last, patients with abdominal pain severe or sustained
enough to prompt referral to RESPOND providers are at-risk for central sensitization;2’
this results in heightened pain signaling anywhere along the nervous system and probably
influences response to local interventions such as sphincterotomy. Despite these challenges,
most patients improved after 12 months of follow-up using RESPOND’s primary outcome
definition and numerous secondary outcomes derived from PROMs.

The present study attempts to address the hypothesis that SOD is a cause of abdominal
pain by showing that ERCP with sphincterotomy can ameliorate these symptoms. Is the
observed response rate — 57% using the pre-defined primary outcome and as high as 73%
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when using the PGIC alone — too high for a placebo? The placebo response is greatest

for patients suffering from the most severe pain and interventions (as opposed to drugs)
have a greater placebo effect, especially when offered as pain treatments.28-31 In the
“Evaluating Predictors & Interventions in Sphincter of Oddi Dysfunction” (EPISOD) study
which enrolled patients with pain suspicious to their clinician for SOD pain but normal
ducts, no pancreatitis, and few with limited elevation in biochemistries, the placebo response
was 37%; this might have been higher using the PGIC as part of EPISOD’s composite
primary outcome.3 The observed outcomes are similar to: 1) the placebo response in a
randomized trial of a protease inhibitor for painful chronic pancreatitis, and 2) the response
to endoscopic therapy in an open-label randomized trial compared to surgery.32: 33 Other
factors which may increase the placebo response include the patient’s expectation of the
intervention’s benefit and confidence with which the clinician explains the efficacy of their
intervention.28: 29,34, 35 \We did not measure this white coat effect, but more than half of
patients expected complete or near complete resolution of their symptoms. The magnitude
of the intervention (ERCP and its known risks) and the patient’s high expectation imply

a substantial placebo response. An optimist could reasonably argue that a helpful placebo
is still helpful... It is reassuring that despite the rate of serious adverse events within 30
days of ERCP, very few patients (< 6%) believed they were worse 12 months later. Another
placebo-controlled randomized trial would be necessary to differentiate the sphincterotomy
response from the placebo response.

Physician-defined characteristics of SOD correlate poorly with response

For decades, physicians have used duct dilation and biochemistries as objective markers
for impaired drainage through the sphincter of Oddi. In contrast to historic trials of SOD,>
6 the present study demonstrates that physician-defined characteristics of SOD correlate
poorly with response to sphincterotomy and is consistent with prior observations.36 The
reasons are undoubtedly multifactorial and likely include the following: greater use of
pre-ERCP imaging to rule out occult choledocholithiasis/microlithiasis, high prevalence of
opioid use, and high rates of central sensitization. First, the more widespread use of MRCP
and endoscopic ultrasound means RESPOND excluded patients with choledocholithiasis
who might have been classified as SOD in older cohorts. Although the timing of these
sensitive and less invasive imaging tests was not collected systematically, it is standard
practice across all participating RESPOND sites to perform MRCP, endoscopic ultrasound,
or both before embarking upon ERCP and its known risks. Second, it is more common for
gastroenterologists to consult on patients with abdominal pain who are already prescribed
opioids for nonmalignant indications — abdominal pain or otherwise.3” Opioids are a major
confounder since they cause bile duct dilation, elevated liver chemistries, and even acute
pancreatitis; 44% of recent opioid users had a bile duct = 12 mm, as compared to 31% for
those without. Furthermore, recent opioids are more likely to associate with opioid-induced
central sensitization, disruption to the gut microbiome, and their Gl side effects overlap with
the symptoms that mimic SOD; none of these are likely to help the chance of benefiting
from sphincterotomy.
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The importance of pain characteristics in response

Nearly half of RESPOND participants met criteria for underlying somatization. This likely
represents a combination of individuals with a primary functional somatic syndrome and
those who have developed central sensitization due to their chronic abdominal pain.2’
Differentiating these pain subtypes is beyond the scope of this study, but the finding that
72% of individuals without somatization improved is important because a placebo response
is unlikely to explain this completely. Similarly, patients least impacted by their pain,
defined by normal mental and physical health, and who did not require opioids to manage
their pain experienced response rates > 70%. These are populations who seem best to
consider offering a high-risk intervention such as ERCP.

Acute pancreatitis

Limitations

Approximately half of RESPOND participants presented with a history of idiopathic acute
pancreatitis prior to their index ERCP. However, the work-up for etiologies of acute
pancreatitis was not standardized across the cohort (e.g., universal genetic testing or
requirement for smoking cessation prior to ERCP). While a natural history group is lacking
in RESPOND, the high (31%) recurrence rate of pancreatitis at a median of 6 months

after ERCP suggests sphincterotomy is ineffective in reducing the rate of acute pancreatitis
in this population since nearly all subjects (108/110, 98.2%) underwent a sphincterotomy
during the index ERCP: biliary alone (84/110, 76.4%), pancreatic alone (6/110, 5.5%),

or dual (18/110, 16.4%). An additional subject underwent precut sphincterotomy alone.
The observed recurrence rate is remarkably like an earlier randomized trial comparing
biliary and pancreatic sphincterotomy for patients with iRAP# and worse than the reported
recurrence rate (15.1%) from a meta-analysis of 17 studies and 4,754 individuals classified
as idiopathic acute pancreatitis.38 Having acute pancreatitis prior to the index ERCP was
clearly associated with a higher likelihood of developing acute pancreatitis during follow-up
and even comparable to patients whose pancreatitis is attributed to alcohol misuse and

fail to quit.3%-42 RESPOND’s prospective study design with scheduled research follow-up
assessments might have caused an inflation of the observed rate of AP when compared to
studies whose approach to follow-up is more passive (e.g., a measurement bias). It is also
noteworthy that 3% of individuals with no prior history of acute pancreatitis developed an
attack during the first 12 months of follow-up. All of this is in addition to a significant

risk of post-ERCP pancreatitis (10.3%). For patients with iRAP, these data argue against a
short-term benefit of ameliorating subsequent pancreatitis episodes.

The principal strengths of RESPOND include its multicenter and prospective study

design with use of validated questionnaires to define baseline patient characteristics and
PROMs. Although some patients were lost to follow-up before reaching the 12-month
primary outcome, the success rate was similar in a sensitivity analysis restricted to
patients with complete follow-up data. Additionally, the success rate did not change
substantially when considering alternatives to the PGIC, including a reduction in pain-
related disability using the same definition from the EPISOD trial (RAPID score of < 6).
These observations reassure that the imputation method did not introduce bias and that the
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study’s primary outcome was reproducible using other PROMs. The use of neuromodulators
and antispasmodics within 30 days of enroliment was low (49% and 28%, respectively).
While this is likely due to these agents’ lack of efficacy when used earlier in their

clinical course (thus prompting consultation at an endoscopy referral center), the overall
rate of pharmacotherapy failure at the time of enrollment was not queried due to concerns
about recall bias. Another limitation is the heterogeneity of the patient cohort, including
some patients who did not have a history of cholecystectomy and a mixture of patients

with biliary, pancreatic, or both subtypes of SOD. Although SOD is classically defined

as a post-cholecystectomy syndrome, the study team elected to include these cases to
maximize the study’s generalizability since the decision to perform ERCP was left to the
discretion of the patient and treating physician based on the suspicion that their abdominal
pain was originating in the biliary tree, pancreas, or both. Key characteristics related

to cholecystectomy — having the procedure, having stones in the gallbladder, and pain
improvement with cholecystectomy — did not correlate with symptom relief from ERCP;
these factors should not be considered reliable indicators of whom to offer ERCP and thus
not considered prerequisites; 6 patients proceeded to cholecystectomy during follow-up,
and all 4 who completed follow up at 12 months reported improvement. However, the

risk profile of ERCP with sphincterotomy appears greater than the short- (1-2%) and
long-term (persistent or new symptoms in approximately 40%) morbidity of laparoscopic
cholecystectomy.*3: 44 Similarly, patients with a history of acute pancreatitis as part of their
SOD phenotype experienced similar response rates (by PROMS) to those with classically
defined biliary SOD. Last, there is a real possibility of referral bias in this cohort. Patients
referred to tertiary centers for suspected SOD may represent those with the most severe
phenotype — and thus most susceptible to central sensitization and cross-sensitization. It is
possible that there are unmeasured confounders which influenced the response rate. Despite
its multicenter design and 4 years of recruitment, the final cohort was smaller than originally
anticipated due to changes in practice patterns at participating centers and other unmeasured
factors, raising the possibility of type Il statistical error.

RESPOND demonstrates that nearly 60% patients who undergo ERCP for suspected SOD
feel better after 12 months of follow-up, although the component attributable to a placebo
response is unclear. Physician-defined characteristics such as duct size, lab tests, and

an objective history of acute pancreatitis correlate poorly with a person’s likelihood of
benefiting from the procedure, meaning the traditional Rome 111 classification system is a
poor guide to deciding who should be offered ERCP. Despite high technical success rates
of ERCP with sphincterotomy, patients with antecedent acute pancreatitis are still likely to
develop a recurrent attack. The most important prognostic factors for response to ERCP
seem to be determined by the patient, more nuanced, and many are difficult to precisely
diagnose in the clinic: those without underlying somatization — a surrogate measure of
disordered pain processing and/or central sensitization — no recent use of opioids, and least
disabled by their symptoms stand the greatest odds of improvement. RESPOND highlights
the importance of a careful history, the need for more objective pain biomarkers, and
additional research into the placebo response of ERCP when performed for pain. In the
meantime, clinicians should continue to tread cautiously and avoid the temptation to offer
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ERCP enthusiastically when “objective” features of SOD are present: they may open the
door to a slippery slope.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Messages
WHAT IS ALREADY KNOWN ON THIS TOPIC

. It is not clear if the sphincter of Oddi can cause abdominal pain (Functional
Biliary Sphincter of Oddi Disorder) and idiopathic acute pancreatitis
(Functional Pancreatic Sphincter of Oddi Disorder), and whether ERCP with
sphincterotomy can ameliorate abdominal pain or pancreatitis.

WHAT THIS STUDY ADDS

. Using multiple patient-reported outcome measures, most patients with
suspected sphincter of Oddi disorder improve after ERCP with
sphincterotomy.

. Duct size, elevated pancreatobiliary labs, and baseline patient characteristics
are not independently associated with response.

. There is a high rate of recurrent acute pancreatitis within 12 months of
sphincterotomy in those with a history of idiopathic acute pancreatitis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY

. Since a discrete population with a high (> 80-90%) response rate to
sphincterotomy for suspected pancreatobiliary pain could not be identified,
there is a need for additional observational and interventional studies
that include phenotyping of patients using novel imaging or biochemical
biomarkers.

. There remains a pressing need for quantitative nociceptive biomarkers to
distinguish pancreatobiliary pain from other causes of abdominal pain or
central sensitization.

. Discovery of blood-, bile-, or imaging-based biomarkers for occult
microlithiasis and pancreatitis may be helpful in predicting who is likely to
benefit from sphincterotomy.
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Screen failure (n=101)

Screened (n=316)

- Did not have suspected SOD (25)
Excluded (n=3) - Unable to contact (14)
- ERCP not performed or - No plan for ERCP (11)
failed (n=2) Enrolled (n=216) - Prior endoscopic sphincterotomy (2)
- No informed consent - Other (49)
(n=1)

Study cohort (n=213)

[

|

Enrolled prior to ERCP (n=179)

Enrolled after ERCP but before primary
outcome assessment @ 12 months (n=37)

\

)

|

Population analyzed (n=213)

- Completed study (n=169, 79.3%)

Lost to follow-up (n=36, 16.9%)
Withdrew consent (n=5, 2.3%)
Died (n=3, 1.4%)

Figure 1. Screening and enrollment

Summary of enrollment and retention in RESPONnD. Some patients (n=37) were enrolled
after their ERCP but before the 12-month primary outcome assessment. In these cases, the
baseline assessment did not include completion of validated instruments characterizing their
pain or psychosocial comorbidity. These subjects completed all other baseline and follow-up
assessments per protocol.
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Figure 2. Development of acute pancreatitis following ERCP for suspected SOD
Time to acute pancreatitis after the index ERCP with sphincterotomy. Episodes which

occurred within 30 days of the index or follow-up ERCP are not represented.
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Table 1.
Patient characteristics
Patient characteristic | Total N=213

Age, Mean (SD) | 50.6 (14.9)
Female sex, n (%) | 172 (80.8)
Body mass index (kg/m?), mean (SD) | 27.8 (6.4)
Ethnicity, n (%) |

« Hispanic or Latino | 10 (4.7)

« Not Hispanic or Latino | 203 (95.3)
Race, n (%) |

« White | 186 (87.3)

« Black/African American | 18 (8.5)

« Other or Multiple | 6(3.8)

* American Indian/Alaska Native | 1(0.5)

« Asian | 1(0.5)

 Native Hawaiian/Other Pacific Islander | 1(0.5)
Smoking history, n (%)

* Never 120 (56.3)

* Ever 61 (28.6)

« Current 32 (15.0)
Usual intake of alcohol during the past six months (drinks/week), n (%)

¢ <1 drink/week 177 (83.1)

« 26 drinks/week 35 (16.4)

* > 6 drinks/week 1(0.5)
Prior Cholecystectomy, n (%) | 169 (79.3)

« Complete or partial improvement in pain after cholecystectomy | 103 (64.0)

« Current pain like pain at time of cholecystectomy | 94 (58.0)

« Stones or sludge present at time of cholecystectomy 7 | 81/147 (55.1)
Relevant past medical history, n (%) |

 Acute pancreatitis | 110 (51.6)

« Irritable bowel syndrome@ | 71(418)
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Patient characteristic | Total N=213
* MASLD 42 (19.7)
« Fibromyalgia 30(14.1)
« Gastroparesis 17 (8.0)

Physician-defined characteristics of SOD, n (%) f |

« Bile duct diameter = 12 mm 73/201 (36.3)
« Pancreatic duct diameter = 4 mm 39/121 (32.2)
« Elevated liver chemistry = 2x ULN 91/199 (45.7)
« Elevated pancreatic chemistry = 3x ULN | 49/165 (29.7)

IBS = irritable bowel syndrome; SD = standard deviation; MASLD = metabolic dysfunction associated liver disease; ULN = upper limit of normal
%170/213 (79.8%) of subjects with data available (i.e., completed the Rome IBS questionnaire)

fDenominator for each variable represents subjects with available data.
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Table 2.

Pre-procedure pain characteristics, analgesic use, and psychiatric comorbidities

Characteristic

Denominator

Pain characteristic

Response to cholecystectomy, n (%)

« Complete response

67/161 (41.6)

« Partial response 161 36/161 (22.4)
* No response 58/161 (36.0)
Current pain like before cholecystectomy, n (%) 162 94/162 (58.0)
« Days of pain episodes in past 90 days, median (IQR) (7=169) 169 30 (8, 90)
* Any abdominal pain in the last 7 days, n (%) 169 143 (84.6)
« Pain intensity (0-10) in past 90 days, median (IQR) 168 7(6,9)
« Pain burden (frequency x intensity product) in past 90 days, median (IQR) 168 180 (60, 495)
« Neuropathic pain, n (%) 167 32 (19.2)
« Nociceptive pain, n (%) 168 112 (66.7)
Psychosocial characteristic
« High likelihood of depression ™, n (%) 167 21 (12.6)
« High likelihood of anxiety ¥on (%) 167 35(21.0)
« High likelihood of somatization, n (%) 167 76 (45.5)
« Low physical health”, n (%) 165 60 (36.4)
« Low mental health?, n (%) 165 52 (31.5)
Medication use in the 30 days prior to ERCP
« Opioid, n (%) 171 62 (36.3)
« NSAIDs, n (%) 171 74 (43.3)
« Antispasmodics, n (%) 171 48 (28.1)
« Neuromodulators, n (%) 171 83 (48.5)

*
High likelihood of depression defined by a BSI-18 Depression T score = 65

nyigh likelihood of anxiety defined by BSI-18 Anxiety T score = 65

fLow physical health defined as a PROMIS-29 Physical Health Summary T score < 40

t

Low mental health defined as a PROMIS-29 Mental Health Summary T score < 4
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Factors associated with response to ERCP

Table 5.
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Parameter

Univariate odds ratio
(95% ClI)

Univariate p value

Multivariate odds ratio
(95% ClI)

Multivariate p value

Physician-defined characteristics of SOD model

Dilated bile duct =2 12 mm 0.97 (0.53, 1.78) 0.9229 1.18 (0.60, 2.30) 0.6299
EIE\'Qated liver chemistry > 2x 1.19 (0.65, 2.19) 0.5688 1.21 (0.64, 2.29) 0.5499
History of acute pancreatitis 1.33(0.74, 2.4) 0.3459 1.38 (0.71, 2.69) 0.3428
Baseline patient characteristics model

Prescription opioid use within

30 days of ERCP 0.47 (0.24, 0.93) 0.0304 0.53 (0.26, 1.08) 0.0810
High likelihood of somatization 0.54 (0.28, 1.07) 0.0787 0.70 (0.33, 1.47) 0.3432
Low physical health 0.51 (0.26, 1.01) 0.0549 0.64 (0.30, 1.37) 0.2500
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