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SUMMARY. Background: Esophagogastric junction outflow obstruction (EGJOO) has a variable disease course.
Currently, barium swallow (BaS) and manometric parameters are used to characterize clinically significant
EGJOO. The esophagogastric junction distensibility index (EGJ-DI) measured via functional lumen imaging probe
(FLIP) can provide complementary information. Our aim was to assess symptom response in patients with EGJOO
and an abnormal EGJ-DI after botulinum toxin (BT) treatment. Methods: A prospective cohort study of adults with
idiopathic EGJOO was performed from September 2019 to March 2021. Patients with dysphagia underwent upper
endoscopy with FLIP. If the EGJ-DI was abnormally low, BT was injected. Data examined included demographics,
medical history, endoscopic and FLIP findings, BaS, manometry, and Eckardt score (ES). ES improvement was
assessed via paired samples t-test. Pearson’s chi-square tests were used to assess for associations. Results: Of the
20 patients, 75% had an abnormal EGJ-DI and underwent BT injections. Mean ES for patients with abnormal
EGJ-DIs significantly improved from baseline to 1, 3, and 6 month follow-up (P-values: 0.01, 0.05, and 0.02,
respectively). There was a significant association between an abnormal EGJ-DI with delayed bolus transit and
presence of rapid drink challenge panesophageal pressurization on manometry: P = 0.03 and P = 0.03. Conclusion:
This prospective study revealed that an abnormal EGJ-DI can guide BT as assessed via symptomatic response.
Additionally, abnormal EGJ-DI measurements were significantly associated with other parameters used previously
to determine clinically relevant EGJOO. Larger follow-up studies are warranted to further elucidate guidance for
therapy in EGJOO.

KEY WORDS: esophageal motility, esophagogastric junction, esophagus, esophagogastric junction outflow
obstruction, functional lumen imaging probe, patient-reported outcomes.

INTRODUCTION

Idiopathic esophagogastric junction outflow obstruc-
tion (EGJOO) is a commonly encountered mano-
metric diagnosis of unclear clinical significance. It
is increasingly recognized and reported in up to
13.7% of manometries.1–8 There are limited data to
guide the optimal management of patients with this
finding.9–12 On manometry, EGJOO is defined by an
elevated median integrated relaxation pressure (IRP)
with intact or weak peristalsis.10,13 Although patients
may present with a variety of symptoms including
dysphagia, chest pain, regurgitation, and heartburn,
the most significant symptoms are dysphagia and
chest pain.3–7,9,11–17 The clinical course of EGJOO
is highly variable including symptom resolution,

persistent symptoms, and, in a minority of patients,
progression to achalasia.2,4,6–8,15,18–20 Currently,
experts advise the consideration of lower esophageal
sphincter (LES) targeted therapy for EGJOO if
patients have dysphagia or chest pain and objective
evidence of obstruction.11,12,17 Other frequently used
tools to assess clinically relevant EGJOO include an
abnormal timed barium esophagram and manometric
parameters, specifically panesophageal pressurization
(PEP) and elevated IRP during the rapid drink
challenge (RDC).2,21–23 Treatment for EGJOO
can include botulinum toxin injections, pneumatic
dilation, and myotomy.

The functional lumen imaging probe (FLIP) has
been proposed as another useful test to further char-
acterize the LES.24 It is a catheter-based test that is
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typically performed under sedation during an upper
endoscopy, which can assess esophageal distensibility,
compliance, and peristalsis.24,25 In a recent retrospec-
tive study on EGJOO, a low esophagogastric dis-
tensibility index (EGJ-DI) was predictive of obstruc-
tion seen on barium esophagram with symptomatic
improvement in the majority of patients who received
LES targeted therapy based on EGJ-DI.26 With these
promising data, it is recommended in the Chicago
Classification version 4 to obtain a timed barium
esophagram or FLIP study to support a manometric
diagnosis of EGJOO.13

Given that EGJOO is a heterogenous condition
with a variable disease course, diagnosis and manage-
ment can be challenging. FLIP is a promising endo-
scopic modality to better identify clinically relevant
EGJOO in patients in need of LES targeted therapy.
To our knowledge, no study to date has prospec-
tively evaluated clinical outcomes based on FLIP in
idiopathic EGJOO. The primary aim of this study
was to assess symptom response to botulinum toxin
injections in patients with manometric EGJOO who
also had an abnormal EGJ-DI on FLIP. Secondary
aims include assessing the association between EGJ-
DI and manometric findings (including RDC) and
delayed emptying on barium swallow.

METHODS

Subjects and study design

Adult patients were identified prospectively at the
University of Pennsylvania between September
2019 and March 2021. All patients had a high-
resolution manometry (HRM) study meeting criteria
for EGJOO based on the most current Chicago Clas-
sification criteria, namely a median IRP ≥ 15 mm Hg
supine (and if applicable, ≥20% elevated intrabolus
pressure (supine) and median IRP ≥ 12 mm Hg
when upright).10,13 All patients underwent a barium
swallow and upper endoscopy with biopsies to rule
out secondary causes. Eligible patients for FLIP were
those referred for an upper endoscopy due to symp-
tom of dysphagia or evidence of delayed emptying
on barium swallow. Eligibility criteria were based
on current expert advice for management.11,12,17

Exclusion criteria included: current opiate use, known
or suspected contraindication for esophageal intuba-
tion, esophageal stricture with inability to pass an
endoscope, history of esophageal perforation, history
of esophageal resection, esophageal fistula, food
impaction, esophageal varices, coagulopathy, active
anticoagulation, active GI bleeding, eosinophilic
esophagitis, and pregnancy. The electronic medical
records were utilized for the following: demographics,
medications, past medical history, past surgical
history, symptom scores, clinic notes, previous
endoscopic evaluation, radiographic evaluation, and

HRM data. The study protocol was approved by
the University of Pennsylvania Institutional Review
Board.

High-resolution manometry

HRM studies were completed within 12 months prior
to FLIP measurements. These studies were performed
using a catheter with 36 circumferential pressure
sensors at 1 cm intervals (Medtronic, Minneapolis,
MN, USA) to obtain esophageal pressure topography
measurements with impedance also included. After
a minimum 6-hour fast, the catheter was placed
transnasally with the distal end in the stomach at
least 5 cm distal to the gastroesophageal junction.
The catheter was calibrated to visualize pressure
bands of upper and LES on color contour as well
as verifying the diaphragmatic pinch on deep inspi-
ration. A baseline recording in the supine position
was performed first, followed by a series of 10 wet
swallows using 5 cc of normal saline with at least
30 seconds between swallows. Provocative testing was
performed including RDC with 200 mL of water and
multiple rapid swallow with five 2 mL wet swallows.
After the introduction of the Chicago Classification
version 4, an additional five upright swallows were
performed.13

Manoview analysis software was used to analyze
pressure topography plots. Thermal compensation
was performed and the following landmarks manually
positioned: upper esophageal sphincter, LES borders,
pressure inversion point, and gastric body. The
median IRP, distal latency, distal contractile integral,
percent bolus clearance, and percent swallows with
PEP were automatically calculated by the software
and each swallow manually reviewed. The supine
intrabolus pressure and RDC were assessed as well,
including median IRP and PEP. Delayed bolus transit
is defined as fewer than 80% of liquid swallows having
complete bolus transit.27 Three gastroenterologists
with expertise in esophageal diseases interpreted all of
the manometry studies, rotating on a random weekly
basis. CAB independently interpreted each study; if
there was a discrepancy in interpretation, the study
was discussed with the reading expert and KLL for
consensus.

Barium swallow

Barium swallow examinations were performed within
12 months prior to the upper endoscopy with FLIP.
This involved performing a radiograph of the esoph-
agus after ingestion of 200 mL of low density barium
sulfate. If applicable, a barium tablet was used as
well. The images and radiology interpretation were
assessed. Evidence of delay or obstruction on bar-
ium swallow was defined as a delay in the movement
of barium liquid or a barium tablet as interpreted
by the assigned radiologist. CAB also independently
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reviewed all of the studies to ensure no discrepancies
were noted.

Functional lumen imaging probe

FLIP was performed at the time of a sedated upper
endoscopy by three esophageal experts. The procedu-
ralist who performed both the FLIP and endoscopy
was based on a predetermined endoscopy schedule.
FLIP entails a 16-cm catheter with an attached cylin-
drical balloon with 16 impedance planimetry sensors
to measure intraballoon pressure and cross-sectional
area (EndoFLIP EF-322 N; Medtronic Inc, Min-
neapolis, MN). The catheter was calibrated to atmo-
spheric pressure before transoral placement. It was
positioned with 1–3 sensors in the stomach. Land-
marks were confirmed when the balloon was filled
to 30 mL for 15 seconds. Stepwise balloon disten-
sion with saline (40 mL, 50 mL, 60 mL and maxi-
mum of 70 mL) were performed with each distension
maintained for 30–60 seconds. EGJ-DI was measured
intraprocedurally from the FLIP device.28 A value of
less than 2 mm2/mm Hg was considered abnormally
reduced, 2.1 to 3 mm2/mm Hg was borderline, and 3.1
to 9 mm2/mm Hg was normal.29 In terms of a border-
line EGJ-DI, if the maximum diameter was <12 mm
with bag pressure > 20 mm Hg, it was considered
abnormally reduced. If the EGJ-DI was abnormal,
100 units of botulinum toxin were injected at the LES.
This determination was made intraprocedurally as
real-time FLIP has excellent agreement with post hoc
FLIP analysis.28

For the statistical analysis, we did a post hoc FLIP
analysis for which data were filtered to minimize the
effect of respirations and contractions using a STATA
16.0 (StataCorp, College Station, TX, USA) based
analytical protocol.30 We analyzed pressure geometry
measurements and calculated DI which was defined
as the minimal cross-sectional area at the esopha-
gogastric junction versus the intrabolus pressure at an
inflation volume of 40 mL–70 mL. Esophageal body
contractility was also assessed (absent, repetitive ante-
grade contractions, repetitive retrograde contractions,
disordered or diminished contractile response). Post
hoc analysis did not significantly alter the DI in that
the plan for injection of botulinum toxin would have
remained the same.

Patient questionnaires

Questionnaires were done at baseline (within 1 month
prior to procedure date) and follow-up, including 1,
3, 6, and 12 months post procedure (upper endoscopy
with FLIP). Questionnaires utilized included the
Eckardt Score (ES), GerdQ, and PROMIS-10. ES was
used as the primary questionnaire to assess response
to therapy. ES is a 4-item scale assessing dysphagia,
chest pain, and regurgitation based on the frequency
of each symptom (0: never, 1: occasional, 2: daily, and

Table 1 Patient demographics and baseline characteristics

Age: years mean, SD 62.9 (11.4)
BMI: mean, SD 26.6 (8.5)
Gender: female n (%) 12 (60.0%)
Race:

Caucasian n (%)
Black n (%)
Asian n (%)

15 (75.0%)
4 (20.0%)
1 (5.0%)

Proton pump inhibitor use: yes n (%) 15 (75.0%)

3: with each meal) plus a score based on the degree
of weight loss (0: none, 1:<10 lb, 2:10–20 lbs, and 3:
>20 lbs).31 Maximum score is 12 with 3 or less con-
sidered to be a good symptomatic outcome. GerdQ
is a validated questionnaire for gastroesophageal
reflux disease that uses a graded Likert scale (0–3)
to score frequency of heartburn, regurgitation, sleep
disturbance, and use of over the counter medications
for symptoms.32 The maximum score is 18 with 9
or higher indicating gastroesophageal reflux disease.
PROMIS-10 is a validated 10-question survey that
assesses general quality of life, specifically overall
physical and mental health.33

Statistical analysis

Descriptive statistics were used. Comparisons using
chi-square analysis, t-tests, and paired t-tests were
made among groups depending on data type and
distribution. Analyses were tested for a 0.05 level
of statistical significance. Assuming a type 1 error
of 0.05 and power of 80%, we expected to have a
within group standard deviation ranging from 0.7
to 3.1 with a distensibility index ranging from 0.5
to 2.5, using achalasia data as a proxy as well as
limited EGJOO data.24,34 We calculated that a sam-
ple size of 20–32 would allow us to analyze clinical
outcomes.

RESULTS

There were 20 patients with manometric EGJOO
who underwent EGD with FLIP. On assessment
of HRM, there were no discrepancies between the
reading esophageal expert and the independent review
by CAB. Out of 20 patients, 15 patients (75%) had
an abnormal EGJ-DI (mean of 1.43 mm2/mm Hg)
and underwent botulinum toxin injections at the
LES. Demographics and baseline characteristics are
listed in Table 1. There was a mean follow-up of
4.55 ± 3.43 months. Manometry, barium swallow,
and FLIP findings of all patients and patients with
abnormal DIs are listed in Table 2.

Mean Eckardt scores for patients with normal and
abnormal EGJ-DIs at baseline, 1 month, 3 months,
6 months, and 12 months postdistensibility mea-
surements are shown in Fig. 1. In patients with an
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Table 2 Manometry, barium swallow and FLIP findings of all patients and patients with abnormal distensibility index

Findings All (n = 20) Abnormal DIa

IRPb: mean, SD 26.1 (11.3) 27.6 (12.7)
Distal contractile integral: mean, SD 3561.9 (3325.6) 3648.8 (3357.5)
Distal latency: mean, SDc 6.22 (1.73) 5.76 (1.24)
RDCd IRP: mean, SD 11.8 (8.05) 13.2 (9.04)
RDC PEPe: present n (%) 9 (52.9%) 9 (69.2%)
HRMf delayed bolus transit: n (%) 13 (65.0%) 12 (80.0%)
EGJOOg features

Spastic n (%)
Hypercontractile n (%)
Ineffective motility n (%)
No disordered peristalsis n (%)

6 (30.0%)
2 (10.0%)
5 (25.0%)
7 (35.0%)

6 (40.0%)
1 (6.60%)
4 (26.7%)
4 (26.7%)

BaSh: delay n (%) 7 (35.0%) 5 (33.3%)
BaS: tablet delayi n (%) 4 (57.1%) 4 (57.1%)
FLIPf DI: mean, SD 2.12 (1.60) 1.43 (0.60)
FLIP: contractility pattern

Contractility, no RAC/RRCg n (%)
RAC n (%)
RRC n (%)

Absent n (%)

6 (30.0%)
8 (40.0%)
2 (10.0%)
4 (20.0%)

6 (40.0%)
4 (26.7%)
2 (13.3%)
3 (20.0%)

aDistensibility index (DI), n = 15 patients for abnormal DI.
bAverage of median integrated relaxation pressure (IRP) measurements.
cn = 19 due to missing datapoint for all patients.
dRapid drink challenge (RDC), n = 16 for all patients and n = 11 for patients with abnormal DI.
ePanesophageal pressurization (PEP), n = 17 for all patients and n = 13 for patients with abnormal DI.
fHigh-resolution manometry (HRM).
gEsophagogastric junction outflow obstruction (EGJOO).
hBarium swallow (BaS).
in = 7 patients for tablet for all patients and with abnormal DI.
fFunctional lumen imaging probe (FLIP), DI at maximum fill volume (depending on the patient 50–70 cc).
gRepetitive antegrade contractions (RAC), repetitive retrograde contractions (RRC).

abnormal EGJ-DI, paired analyses of baseline mean
ES (5.40 ± 2.80) to follow-up mean ES at 1 month
(3.47 ± 3.09; n = 15), 3 months (3.00 ± 2.83; n = 9),
and 6 months (2.56 ± 2.40; n = 9) were significant
with P-values: 0.01, 0.05, and 0.02, respectively.
Paired analysis at 12 months was not able to
be assessed due to a small sample size of 2. In
patients with a normal EGJ-DI, paired analyses of
baseline mean ES (4.80 ± 2.95) to follow-up mean
ES at 1 month (3.00 ± 2.24; n = 5) and 3 months
(4.00 ± 2.16; n = 4) were not significant with P-values
of 0.11 and 0.39, respectively. Paired analyses at
6 months could not be assessed due to small sample
size of 2 and there was no follow-up at 12 months.

In terms of other patient-reported outcomes, there
were no meaningful significant differences in GerdQ
or PROMIS-10 from baseline to follow-up in those
who had an abnormal EGJ-DI and received BT.
Mean GerdQ scores were 8.07 ± 3.45 at baseline
(n = 15), 8.64 ± 4.58 at 1 month (n = 14), 7.67 ± 2.65
at 3 months (n = 9), 7.89 ± 2.76 at 6 months (n = 9),
and 6.00 at 12 months (n = 1). When analyzed,
scores were dichotomized to ≥9 for significant
symptoms and less than 9 for controlled symptoms
with no significant paired improvement over time.
Mean PROMIS-10 mental health T-scores were
46.0 ± 9.31 at baseline (n = 15), 48.3 ± 9.61 at 1 month
(n = 15), 47.3 ± 11.0 at 3 months (n = 9), 45.0 ± 10.0

at 6 months (n = 9), and 43.6 ± 10.1 at 12 months
(n = 2). Mean T-scores were below the mean T-score
of the relevant reference population, which is 50.
Paired analyses of baseline mean mental health T-
scores to follow-up at 1 month was significant with
P = 0.016. That being said, PROMIS-10 T-scores are
most informative when there is a change of at least 10,
corresponding with change in one standard deviation
above or below the mean reference population. The
mean T-score of the cohort as well as the T-score
of each individual patient does not change by 10
or more at each follow-up interval. There was also
no significant change in PROMIS-10 physical health
mean T-scores over time during follow-up.

Next we assessed association between an abnor-
mal EGJ-DI with HRM and BaS parameters using
the Pearson’s chi-square test. There was a significant
association between an abnormal DI and delayed
bolus transit: χ2 (1) = 5.93, P = 0.03. Based on the
odds ratio, the odds of delayed bolus transit were
16 times higher if there was an abnormal EGJ-DI
than a normal EGJ-DI. There was also a significant
association between an abnormal DI and presence
of RDC PEP on HRM: χ2 (1) = 5.89, P = 0.03. The
odds ratio was not able to be calculated. There were
no significant associations between an abnormal DI
and BaS abnormality (tablet and/or liquid delay),
RDC IRP relaxation, or spasm. Of note, there were
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Fig. 1 Mean Eckardt Score over time after FLIP. Mean Eckardt scores (ES) for patients with a normal and abnormal esophagogastric
junction distensibility index (EGJ-DI) at baseline, 1 month, 3 months, 6 months, and 12 months postdistensibility measurements are shown.
EGJ-DI was measured via functional lumen imaging probe (FLIP). In patients with an abnormal EGJ-DI, paired analyses of baseline mean
ES to follow-up mean ES at 1 month, 3 months, and 6 months were each statistically significant. In patients with a normal EGJ-DI, paired
analyses of baseline mean ES to follow-up mean ES at 1 month and 3 months were each not statistically significant.

no discrepancies between radiologist interpretation of
BaS and the independent review by CAB.

DISCUSSION

EGJOO has a variable disease course with limited
guidance regarding treatment. This prospective study
revealed that an abnormal EGJ-DI of the LES
may guide symptom response to therapy in patients
with idiopathic EGJOO. In this study, symptom
scores improved after targeted LES treatment with
botulinum toxin with mean follow-up of 4.55 months.
Additionally, our EGJ-DI measurements were sig-
nificantly associated with other parameters used
previously to determine clinically relevant EGJOO,
namely delayed bolus transit and RDC PEP. Asso-
ciations were not significant for other HRM or BaS
parameters.

FLIP is a promising modality to further character-
ize EGJOO. FLIP has been established in achalasia
with EGJ-DIs consistently less than 2.8 mm2/mm Hg
and, in majority of patients, less than 2 mm2/mm
Hg.34,35 In achalasia patients, EGJ-DI correlates well
with symptom scores and significantly increases to
a median of 3.4 mm2/mm Hg if patients report a
good symptomatic improvement after treatment.34

However, limited data exists on the role of FLIP in
EGJOO. One study of 38 EGJOO patients noted
that the majority of patients (87%) had an abnormal
distensibility index on FLIP.24 The authors postulated
that impedance planimetry can more accurately
assess for true EGJOO as HRM may be more
prone to pressure artifact. However, outcome data
were not assessed in this study, making definitive

conclusions difficult. In a different retrospective study
of 18 patients with EGJOO, a EGJ-DI of less than
2 mm2/mm Hg was predictive of obstruction on
timed barium esophagram.26 There were 9 patients
who had an EGJ-DI of less than 2 mm2/mm Hg,
evidence of obstruction on barium esophagram, and
received LES targeted therapy. Eighty percent of
these treated patients had a significant improvement
in symptom scores. Given these promising data,
the Chicago Classification version 4 updated the
criteria of EGJOO to include obstruction on barium
esophagram or abnormal EGJ-DI.13

In our study, there were 20 patients with idiopathic
EGJOO on HRM and dysphagia. The majority
of patients (75%) had an abnormal EGJ-DI and
thus were considered to have clinically significant
EGJOO. These patients all underwent LES targeted
therapy, specifically botulinum toxin injections. Out
of the patients who underwent LES targeted therapy,
there was a significant improvement in symptoms by
Eckardt score from baseline to follow-up. There were
no significant or meaningful improvements in GerdQ
and PROMIS-10 after BT. This may be due to the
fact that many patients with EGJOO predominantly
have symptoms of chest discomfort or dysphagia over
reflux. Moreover, PROMIS-10 is a general quality of
life score as opposed to a gastroenterology specific
score. Although we were unable to quantify these
data as it was not uniformly collected from each
patient, many patients unprompted offered that their
general quality of life was influenced by the COVID-
19 pandemic, which was ongoing for the majority of
the study. For future studies, it may be worthwhile
assessing a gastroenterology specific quality of life
score.
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Prior to FLIP, HRM parameters and barium
esophagram were frequently used to help delineate
clinically significant EGJOO. Specifically, delayed
bolus transit and RDC PEP on HRM have been
assessed in EGJOO patients. In a study of 169 patients
with EGJOO, a combination of delayed bolus transit,
dysphagia, and chest pain had the highest predictive
value for identifying clinically relevant EGJOO (sen-
sitivity of 90%, specificity of 92.5%, and negative pre-
dictive value of 99.3%).22 Clinically relevant EGJOO
was defined by delayed passage of contrast on timed
barium esophagram, improvement in symptoms after
pneumatic dilation, or the eventual development
of achalasia. In another study of 70 patients with
EGJOO, presence of RDC PEP was significantly
associated with more severe dysphagia based on ES
compared with absence of RDC PEP.21 In our study,
abnormal EGJ-DI were significantly associated with
delayed bolus transit and RDC PEP, but not with
other HRM parameters (e.g. RDC IRP relaxation) or
delay of liquid or tablet on a barium swallow.

There were a few limitations to our study as well
as strengths. The criteria for EGJOO shifted during
the study based on updates to the Chicago Classi-
fication; our protocol shifted accordingly and three
manometry studies were done with the updated pro-
tocol. Notably, all patients underwent FLIP which
is a component of the latest Chicago Classification.
Although consistency is preferred, we felt that it was
more important to adhere to the most recent rec-
ommendations. Our study was limited to assessing
botulinum toxin as the sole LES targeted therapy;
however, this is a low risk intervention. This study was
limited to barium esophagrams and not timed bar-
ium esophagrams, but the latter will become available
shortly and can be used for future studies. That being
said, FLIP is an appropriate alternative to timed bar-
ium esophagrams in this clinical setting. The major
strength of this study is that it is the first prospective
study to our knowledge to assess idiopathic EGJOO
and symptomatic outcomes in those who received
FLIP. Moreover, we achieved our goal for sample size
based on our power calculations.

In this prospective study, the majority of patients
had EGJOO based on the most recent Chicago Classi-
fication and we demonstrated that an abnormal EGJ-
DI can guide LES targeted therapy with appropriate
symptomatic response. Moreover, acting on an abnor-
mal EGJ-DI is supported by other frequently used
parameters, namely delayed bolus transit and RDC
PEP. Continued data for this study and larger follow-
up studies assessing FLIP data and different types of
therapies are warranted to further elucidate guidance
for therapy in idiopathic EGJOO.
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