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BACKGROUND & AIMS: Functional lumen imaging probe
(FLIP) panometry provides assessment of the esophagogastric
junction opening and esophageal body contractile activity
during an endoscopic procedure and is increasingly being
incorporated into comprehensive esophageal motility assess-
ments. The aim of this study was to provide a standardized
approach and vocabulary to the procedure and interpretation

and update the motility classification scheme. METHODS:
A working group of 19 FLIP panometry experts convened in a
modified Delphi consensus process to produce and assess
statements on the FLIP panometry procedure and interpreta-
tion. Three rounds of voting were conducted on an agreement
scale of 1-9 for appropriateness, followed by face-to-face dis-
cussions and an opportunity for revisions of statements. The
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“percent agreement” was the proportion of votes with score >7
indicating level of agreement on appropriateness. RESULTS:
A total of 40 statements were selected for final inclusion in the
Dallas Consensus, including FLIP panometry protocol, inter-
pretation of esophagogastric junction opening and contractile
response, and motility classification scheme. Key statements
included: “FLIP panometry should be interpreted in the context
of the clinical presentation, the accompanying EGD [esoph-
agogastroduodenoscopy] findings and other relevant comple-
mentary testing” (median response 9.0; 100% agreement).
“A major motor disorder is unlikely in the setting of a ‘normal’
FLIP panometry classification” (median response 9.0; 94%
agreement). “Diminished or absent contractile response with
reduced esophageal opening (ie, nonspastic obstruction) sup-
ports the diagnosis of a disorder of EGJ [esophagogastric
junction] outflow” (median response 8.5; 94% agreement).
CONCLUSIONS: The standardized approach for performance
and interpretation of the Dallas Consensus can facilitate use of
FLIP panometry in broad clinical settings.

Keywords: Endoscopy; Achalasia; Impedance; Dysphagia.

Functional lumen imaging probe (FLIP) panometry
categorizes esophageal motility in response to a
controlled volume distention protocol that is performed on
a sedated patient, typically at the time of endoscopy. An
initial classification scheme that incorporated the categori-
zation of esophagogastritic junction (EGJ) opening and
contraction pattern was initially described in 2021 based on
input from a FLIP panometry working group.’ Over the past
3 years, clinical application and research investigation of
FLIP panometry has expanded and prompted interest in
refining the FLIP panometry motility classification to reflect
these updates, as well as address limitations that were
recognized in the initial scheme. A FLIP panometry working
group with 19 members from the United States and Canada
worked over the past year to formalize the standardized
FLIP panometry approach for the protocol and interpreta-
tion and to develop the FLIP Panometry Classification,
version 2.0, using a modified Delphi process. This effort
sought to develop a common approach and vocabulary to
describe FLIP panometry findings for application in clinical
and research settings.

Methods

Working Group and Study Collaborators

The Impedance Planimetry Working Group included 19
members from the United States and Canada, who were
selected based on reputation of esophageal motility expertise
and experience in using FLIP panometry (all members with
>100 FLIP studies performed; Supplementary Table 1), while
also seeking diversity in gender and geographical distribution.
Conflicts of interest were declared up front, with specific
attention to relevant industry conflicts. The Impedance
Planimetry Working Group was meeting periodically since
2020."% Dedicated iterative discussions to develop the FLIP
Panometry Consensus, version 2.0, statements began with a
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WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT

Functional lumen imaging probe (FLIP) panometry is
performed on a sedated patient at the time of
endoscopy and provides data for comprehensive
assessments of esophageal motility.

NEW FINDINGS

A consensus-driven process provided a standardized
approach to the performance of FLIP panometry and
interpretation of findings and presents an updated
classification scheme for FLIP panometry esophageal
motility assessments.

LIMITATIONS

Clinically inconclusive categories and classifications are
limitations to the current work and serve as potential
targets of future investigations.

CLINICAL RESEARCH RELEVANCE

The Dallas Consensus provides a standardized approach
that is amenable to a broad range of cases and providers.
The updated motility classification scheme reflects the
spectrum of esophageal motor disorders that can be
applied to standardize the interpretation of FLIP
panometry motility assessments used in clinical and
research investigations.

BASIC RESEARCH RELEVANCE

The FLIP is a useful tool to measure esophageal
physiology and mechanics in response to distention,
which are important components of esophageal
function. The Dallas Consensus provides a framework to
facilitate investigations into esophageal motility
pathophysiology, including unique and novel aspects of
the esophageal response to sustained distention.

meeting in Dallas, TX, in September 2023, and proceeded using
a modified Delphi process over approximately 1 year. A
methodological expert external to the working group was
invited to participate (S.S.) and additional collaborators were
invited to assist by performing an independent critical litera-
ture review for key statements (W.W.C,, K.R.).

Study Design

A modified Delphi process was used to give panelists the
opportunity to discuss their judgments in face-to-face meetings,
both in person and virtual, between rating rounds
(Supplementary Figure 1). Given that high-quality evidence (eg,
randomized controlled trials) is not readily available in this
field, this methodology was used, as it allowed the panelists to
capture their expertise and the breadth of their experiences in

Abbreviations used in this paper: DI, distensibility index; EGJ, esoph-
agogastritic junction; EGJOO, esophagogastritic junction outflow
obstruction; FLIP, functional lumen imaging probe; HRM, high-resolution
manometry; LES, lower esophageal sphincter; NEO, normal esoph-
agogastritic opening; REO, reduced esophagogastritic junction opening;
RRC, repetitive retrograde contraction; SOC, sustained occluding
contraction; TBE, timed barium esophagram.
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everyday clinical practice.® Three members of this working
group were responsible for developing the initial statements
(J.E.P, D.A.C, V.J.AK). Voting among the other working group
members was then conducted independently and anonymously
off-line through 3 rounds of voting to assess appropriateness of
each statement. Voters were instructed to rank each statement
for perceived appropriateness on a scale of 1-9, where 1 is that
the expected harms greatly outweigh the expected benefits and
9 is that the expected benefits greatly outweigh the expected
harms. Voters also had the opportunity to provide written
comments regarding each statement and suggest modifications.
The instructions provided to voters are included in the
Supplementary Material. After each of the survey rounds, data
were analyzed and shared with the group before meetings (in
person or virtual) for feedback and face-to-face discussion.
Before meetings, the group members reviewed the existing
literature, current clinical practice patterns, and areas of
disagreement (determined by voting results). During meetings,
decisions were made about which statements to highlight for
voting based on clinical relevance and general agreement for
protocol and working vocabulary. If wording or terminology
was at question, there was an acknowledgment that there may
be voting on a statement for that purpose. The meeting dis-
cussions were then incorporated to revise statements until
there was stability of responses with respect to appropriate-
ness for protocol and working vocabulary. In addition, during
the meeting after the initial round of voting, decisions were
made about which statements would require a formal literature
review.

The initial proposal included 57 statements. After 2 rounds
of voting and subsequent group meetings and statement revi-
sion (Supplementary Figure 1), the final version included 40
statements. The final sections and format agreed on by the
group included: (1) Overview, (2) Protocol, (3) Interpretation
(Obtaining Metrics and Findings, EG] Opening, Contraction
Assessment with Key Examples, Key Patterns, and Other, Con-
tractile Response Categories), and (4) Classification. Revised
statements were sent out for a final (round 3) of voting.
Additional sentiments and discussion topics that were
deprioritized for inclusion as dedicated statements were
incorporated among written discussion of other statements or
among future directions.

Literature Review and Summary

Two key statements related to clinical application of FLIP
panometry classification were selected to be subjected to a
literature review and summary: “A major motor disorder is
unlikely in the setting of a ‘normal’ FLIP panometry classifica-
tion” (normal contractile response with normal EGJ opening)
and “Diminished or absent contractile response with reduced
esophageal opening supports the diagnosis of a disorder of EGJ
outflow.” The other statements were assessed based on the
group member’s experience and knowledge of the existing
literature, but were not subjected to systematic literature
review.

Two authors (W.W.C,; K.R. [neither voting members of the
working group]) independently performed unique searches in
PubMed using the key terms: functional lumen imaging probe,
FLIP, impedance planimetry, panometry, FLIP panometry,
esophagogastric junction outflow obstruction, EGJ] outflow
obstruction, EG] outflow disorder, EGJOO, and contractile
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response. Article titles and abstracts from the literature
searches were reviewed to identify potential studies of interest.
Studies that compared FLIP findings and/or diagnostic
thresholds with esophageal manometry findings, barium
esophagram emptying, dysphagia severity, and therapeutic
response in patients and/or healthy controls were included for
full review. Articles were also identified through citation
searching and request for a literature search from a medical
librarian. Study populations that included patients with prior
foregut surgery, known mechanical obstruction, or upper
gastrointestinal malignancy were excluded. Studies assessing
intraoperative or intraprocedural FLIP were also excluded.
Final determination of included studies was achieved after
discussion between 2 authors (W.W.C,, K.R.), with achievement
of consensus after the conclusion of independent searches.
After full literature screening and review, 22 studies were

included as relevant to the statements (Supplementary
Table 2).
Statistical Analysis

Analysis for each voting round included the median
response and count (percentage) of each score for each state-
ment. Scores of appropriateness were interpreted as 1, 2, or 3
as an inappropriate measure; 4, 5, or 6 as equivocal/uncertain
appropriateness; and 7, 8, or 9 as an appropriate measure. The
median response rating and group “agreement,” defined as the
percentage of raters who rated the statement with a >7 rank
for appropriateness, from the final voting round are reported.
Consensus was defined as group agreement >80%.

Results

Functional Lumen Imaging Probe Panometry
Motility Evaluation: Overview

FLIP panometry should be interpreted in the context
of the clinical presentation, the accompanying EGD
[esophagogastroduodenoscopy] findings and other
relevant complementary testing (median response 9.0;
100% agreement).

Endoscopy is integral to the performance of FLIP
(median response 9.0; 94% agreement).

FLIP panometry is integral to help diagnose a
motility disorder when endoscopy rules out a mechan-
ical obstruction (median response 7.0; 75% agreement;
did not reach 80% acceptance threshold).

The FLIP Panometry Dallas Consensus describes a
standardized approach for FLIP protocol and interpretation
of EG] metrics and contractions that can be applied in broad
clinical settings evaluating esophageal motility. These find-
ings should be interpreted in the appropriate context both
in terms of the patient characteristics and history and
within the array of findings from other diagnostic testing,
which may be completed before or after FLIP. Overall, no
esophageal test (eg, high-resolution manometry [HRM],
esophagram, or FLIP) should be applied in a vacuum when
diagnosing an esophageal motility disorder, but instead
should be applied within the global clinical context with
other complementary clinical data.
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There is an integral relationship between endoscopy and
FLIP, which are performed in concert during the same sedated
patient encounter. A high-quality endoscopic examination
provides the essential clinical context within which to decide to
perform FLIP and apply its interpretation, such as potentially
diagnosing a primary motility disorder if mechanical obstruc-
tion is not observed on endoscopy. Furthermore, real-time FLIP
results can prompt an immediate endoscopic re-evaluation that
may facilitate detecting subtle mechanical obstructions that
could direct use of endoscopic interventions, such as dilation.
The potential for possible endoscopic intervention based on
endoscopy and FLIP findings, as well as clinical presentation
and other pre-existing data, should accompany the consent
process before the endoscopic procedure.

The FLIP panometry esophageal motility classification is
presented as a diagnostic tool to characterize esophageal
motility to be applied in patients without previous foregut
surgery and without mechanical obstruction or abnormal
anatomy (eg, strictures or paraesophageal hernia), as these
scenarios can alter esophageal motility, causing secondary
motility abnormalities. Similar considerations apply to the
diagnostic application of HRM, with these stipulations also
described in the Chicago Classification, version 4.0." Among
patients with previous foregut surgery or mechanical obstruc-
tion, there should be recognition of the potential for secondary
motility findings, and specific findings should be considered in
the context of that specific anatomy and/or physiology.

Functional Lumen Imaging Probe Panometry
Study Protocol

The working group sought to standardize the protocol
for performing and interpreting the FLIP panometry study
(Table 1). Setup of the FLIP catheter can be performed by a
procedure nurse or technician while the initial endoscopic
examination is being performed. Thereafter, the standard
FLIP study protocol can typically be completed in approxi-
mately 4-5 minutes (Figure 1).

The protocol and interpretation recommendations are
intended for use with the 16-cm FLIP (EF 322N; eg, FLIP
positioning and fill volumes) for real-time (during endoscopy),
post-endoscopy review or additional off-line analysis (eg, using
research software). They are amenable to any of the FLIP
systems (FLIP 1.0, 2.0, or 300), noting that FLIP 1.0 provides
EG] metrics without real-time topography (post-endoscopy
processing required to generate topography), while FLIP
panometry output is readily available during endoscopy with
FLIP 2.0 or FLIP 300. Special consideration may be given for
patients with short esophagi (eg, young pediatric patients),
noting as well that although the majority of the data are in
adult patients, this approach can generally be applied to pe-
diatric patients as well. Studies can be reviewed later by
recording studies with video or using the software or pro-
cedure unit display for archived FLIP 300 studies. Although
there is not yet commercially available analysis software for
FLIP, research software (http://www.wklytics.com/nmgi) can
be applied to files that are “archived” from the FLIP system.

During the endoscopic examination, anatomic land-
marks, including distance from incisors to crural
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impingement and EGJ should be noted. Placement of a piece
of tape correlating to the distance to the crural impingement
on the FLIP catheter may assist with initial positioning.
Vertical placement may be confirmed by identifying the EGJ
as the narrowed area (“waist” on FLIP display) above the
gastric cavity at a fill volume of 40 mL and ideally should
include 2 cm of the distal portion in the gastric cavity
(Figure 1). Real-time performance of the FLIP study for
optimal data acquisition requires some basic identification
of anatomic and physiologic landmarks to place and main-
tain the positioning of the FLIP catheter relative to the EG]J
or crural impingement (sometimes requiring advance or
withdrawal of the FLIP or applied counter pressure on the
FLIP throughout the FLIP study). Direct endoscopic visual-
ization of FLIP positioning should be considered if there is
uncertainty of FLIP positioning during the FLIP study.

The standard FLIP panometry study protocol was agreed
on to involve sequential FLIP filling to 50 mL, 60 mL, and 70
mL, holding each fill volume for at least 30 seconds
(Figure 1). Holding fill volumes for longer duration (eg, up
to 60-90 seconds) can be considered at the discretion of the
endoscopist if needed to obtain key metrics, especially if
there are sustained and/or spastic contractions. The rele-
vance of “high-pressure alarms” during the FLIP study was a
point that garnered discussion among the working group
and demonstrated a high degree of agreement (88%
agreement) that, with the FLIP appropriately positioned, a
high-pressure alarm (regardless of occurring at 60-100 mm
Hg, depending on system settings) did not signify an in-
crease in risk of the FLIP procedure. This related to the
group members’ overall experience with FLIP as a safe
procedure, with additional recognition for the relatively low
pressure of the FLIP compared with therapeutic balloon
dilations. For instance, esophageal balloon dilations are
typically performed at a range of 3-8 ATMs; because 1
ATM = 760 mm Hg, this equates to 2280-6080 mm Hg.
Furthermore, the gastric cavity provides a highly compliant
area for pressure release, if necessary.s'6 Thus, although
high pressures may warrant limiting FLIP filling in certain
scenarios (eg, a severe narrow-caliber esophagus with
stricture), pressure alarms in a properly positioned FLIP
should otherwise not unnecessarily prevent completion of an
adequate FLIP study (eg, a target maximum fill volume of 70
mL) when being used to evaluate for esophageal motility
disorders. Literature supporting the safety of FLIP also
included studies of 722 subjects completing FLIP panometry
without a FLIP-related adverse event, and a review of the
MAUDE database without significant adverse events related to
performance of the FLIP panometry motility evaluation.””®

Functional Luminal Imaging Probe Panometry
Approach for Acquisition of Key Metrics

The esophageal response can vary as the degree of
esophageal distention increases during the volume-
controlled filling of the FLIP study protocol. Furthermore,
performance of the FLIP is also affected by the degree of
filling, and is more prone to potential artifact at low fill vol-
umes. Although multiple metrics are available at each fill
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Table 1.Statements regarding FLIP Panometry Approach: Protocol, Key Metrics, and Contraction Assessment

Statement Median response Percent agreement

FLIP panometry study protocol statement

Use the 16-cm FLIP catheter for FLIP panometry. 9.0 94
Set filter settings to “off” for optimal intraprocedural FLIP panometry assessment. 8.5 100
The FLIP catheter is calibrated to atmospheric pressure before transoral placement. 9.0 100
Optimal FLIP positioning for FLIP panometry is with 2 sensors (2 cm) below the 9.0 100

crural diaphragm and this positioning of the FLIP catheter should be maintained
throughout the entire study.

Fill the FLIP catheter sequentially to 50 mL, 60 mL, and 70 mL and maintain each 9.0 94
volume for at least 30 s.

The target maximum fill volume is 70 mL for a complete study when using FLIP 9.0 81
panometry to evaluate for an esophageal motility disorder.

With the FLIP appropriately positioned, a high-pressure alarm does not increase the 8.0 88

risk of the overall endoscopic procedure.

FLIP panometry acquisition of key EGJ metrics

Key metrics of EGJ opening include the EGJ-DI at 60 mL and the maximum EGJ 8.5 100
diameter at 70-mL fill volume

EGJ metrics should be measured >5 s after active FLIP filling to avoid filling-related 8.5 88
effects.

Avoid obtaining EGJ metrics affected by “dry catheter artifact.” 9.0 100

Measure EGJ-DI and EGJ diameter at the time of greatest EGJ opening diameters. 9.0 100

Apply the median value of 3 EGJ-DI measurements taken during the 60-mL fill 8.0 81
volume for EGJ opening classification.

EGJ-DI values are not reliable when associated FLIP pressure is <15 mm Hg. 9.0 88

Document if there is EGJ-crural diaphragm separation, which suggests a hiatal 9.0 94
hernia.

Measures made during emptying of the FLIP should not be applied for clinical 8.5 94

decision making.

FLIP panometry interpretation: Contraction assessments

A “distinct antegrade contraction” can be defined when an antegrade contraction 9.0 100
extends for >6 cm of axial length, with an associated pressure increase of >10
mm.

The repetitive antegrade contraction (RAC) pattern can be defined by the RAC 9.0 100

“rule-of-6s”: >6 consecutive antegrade contractions of >6 cm in axial length
occurring at 6 + 3 contractions per minute at a regular cadence.
Sustained LES contraction (sLESCs) can be defined by the following criteria: a 8.0 100
transient reduction in diameter at the LES, which lasts longer than 5 s, and is
associated with an increase in FLIP pressure, and is independent of antegrade
contractions or respiration or crural contraction.
SOC can be defined with the following criteria: a nonpropagating (ie, retrograde or 8.0 88
horizontal), lumen-occluding (ie, achieving a diameter <6 mm) contraction of the
esophageal body that persisted for >10 s with an associated FLIP pressure
increase >35 mm Hg.

Contractile features and patterns other than those mentioned above can be 9.0 94
observed during the FLIP panometry study and carry uncertain clinical
significance.

The RRC pattern can be defined as >6 consecutive retrograde contractions of >6 9.0 88
cm in axial length occurring at a cadence of >9 contractions per minute.

The clinical relevance of RRCs is uncertain. 8.0 94

A “vigorous antegrade contraction” can be defined as an antegrade contraction 8.0 75

with an appearance of consistent width in the body that correlates with >10 s
and a pressure rise >35 mm Hg.?

The clinical relevance of vigorous antegrade contractions is uncertain. 8.0 94

Pressure at 60 mL (taken at the same time as when taking the EGJ-DI 8.0 81
measurement) may help separate diminished vs disordered contractile response
categories.

FLIP panometry interpretation: Contractile response categories

Absent contractile response (ACR) is defined by no contractions in the body. 9.0 100

Spastic contractile response (SCR) is defined by SOCs or sustained LES 8.0 100
contractions.
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Table 1.Continued
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Statement Median response Percent agreement
Normal contractile response (NCR) is defined by multiple (more than 1) distinct 8.0 100
antegrade contractions.
Diminished contractile response is defined by contraction presence, not meeting 7.0 94
ACR, NCR, or SCR criteria, with low FLIP pressure (<40 mm Hg).
Disordered contractile response is defined by contraction presence, not meeting 7.5 88

ACR, NCR, or SCR criteria) with high FLIP pressure (>40 mm Hg).

NOTE. Voting results for each statement shown with median response on scale of 1-9 and “percent agreement” as percentage
of votes with score >7 indicating level of agreement on appropriateness.

@Statement did not reach 80% agreement threshold.

volume, the key metrics were determined to focus the FLIP
panometry interpretation and standardize their application to
classifying esophageal function. These include the contractile
response category assessed as the aggregate, (ie, the entirety
of the study over the duration of the 50-, 60-, and 70-mL fill
volumes), the EGJ distensibility index (DI) during the 60-mL
fill volume and the associated pressure, and the maximum
EGJ] diameter from the 70-mL fill volume (Table 1, Figure 1).

Furthermore, EGJ opening on FLIP is dynamic, occurring
in response to esophageal contractility and FLIP filling.
Thus, the EGJ-DI and maximum EG] diameter should be
measured at times of greatest EG] opening diameters
(Figure 1) and also omitting times and sensors that are
affected by dry catheter artifact (ie, when lumen occlusion of

Prior to FLIP placement:
* High-quality endoscopy
* Use 16cm FLIP

the FLIP disrupts the electrical current used for the imped-
ance planimetry technology, resulting in inaccurate diameter
measures at affected measurement channels; Supplementary
Figure 2). The EGJ-DI metric is calculated by the median of
three 60-mL measures applied to classify EG] opening. The
pressures at time of EGJ-DI measurements should also be
noted, both to recognize that the EGJ-DI can be unreliable
when the pressure is low (eg, <15 mm Hg) and also as the
FLIP pressure may carry value to predict spasm (see con-
tractile response below).” Hiatal hernia can also be induced or
enlarged during FLIP filling, and lower esophageal sphincter
(LES)-crural signal separation can be measured (visualization
of the crural contraction is facilitated by turning the FLIP filter
to “off,” as recommended (Table 1, Figure 1).

* Filter setting to “off”
* Reference pressure to atmospheric

Positioning |

Stepwise volumetric filling: 50-60-70ml x>30seconds each ‘

70ml

FILL : 50ml >3065(¢)3Tclmds *)F>3o ser:onds
VOLUME —— 1 >30seconds 5 i
1 * 1

Dla"Tr:ter 4 L L P ‘ LI ‘ T Al .

( )30 E Mg a & o
L 'R B

- l : ! :
N E ; ’ ' “ I 11 | I
F LI P 10 g ‘ ‘ & ' ! y 3 .;: I[h .‘ ' ¥ ] [ :
topography — 2[4 R Ik Bh A R ATV LA AL 0 T A
EGJ i '| | a a :

Maintain position with 2cm in stomach throughout study

Interpretation /
Key metrics

Contractile response pattern: 50-70ml

EGJ-DI: 60ml® :
1

Maximum EGJ
diameter: 70ml

Pressure: 60 ml?

Figure 1. The FLIP panometry study protocol. Key components and steps of the FLIP panometry study protocol are illustrated.
Key metrics are made relative to the FLIP fill volumes during the standardized filling protocol. *The first 5 seconds after filling to
60 mL should be omitted from the EGJ-DI measurement to avoid incorporating filling-associated effects in the metric. “Then, the
EGJ-DI is measured at 3 points of greatest EGJ opening diameter (12-22-3%), applying the median value of the 3 measures to
classify EGJ opening. The associated pressure at times of EGJ-DI measures should also be noted and median value applied. The
maximum EGJ diameter is measured at the time of greatest EGJ opening during the 70-mL fill volume (red star). Reproduced with
permission from the Esophageal Center of Northwestern Medicine. © Esophageal Center of Northwestern Medicine.
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NORMAL EGIJ opening
EGJ-DI 2 2.0 AND
Max EGJ diameter 2 16mm

EGJ-DI (60ml); mm2/mmHg)

INCONCLUSIVE EGJ opening

4 EGJ-DI < 2.0 OR
Max EGJ diameter < 16mm
3 but not REO
1
1
? e i S i il i i s I J" _________________________
REDUCED EGJ Opening (REO)
1 EGJ-DI < 2.0 AND
Max EGJ diameter < 12mm
0 I T T
4 6 8 10 12 14 16 18 20 22

Maximum EGJ diameter (mm)

Figure 2. FLIP panometry EGJ opening classification. EGJ opening is classified by applying the following 2 metrics: the EGJ-DI
at 60 mL and the maximum EGJ diameter at 70 mL. Reproduced with permission from the Esophageal Center of Northwestern

Medicine. © Esophageal Center of Northwestern Medicine.

Functional Luminal Imaging Probe Panometry
Interpretation: Esophagogastritic Junction
Opening Categories

Reduced EG]J opening (REO) is defined by maximum
EGJ diameter <12 mm and EGJ-DI at 60 mL <2.0 mm?/
mm Hg (median response 9.0; 100% agreement).

Normal EG]J opening (NEO) is defined by maximum
EG] diameter 216 mm and EGJ-DI at 60 mL >2.0 mm?/
mm Hg (median response 9.0; 100% agreement).

Inconclusive EG] opening (formerly “borderline EG]
opening”) can be considered all cases in between REO
and NEO (median response 8.0; 100% agreement).

The EGJ opening thresholds based on the metrics of the
EGJ-DI at 60 mL and the maximum EGJ] diameter remained
consistent with the previous classification scheme
(Figure 2).° However, there was a change in terminology of
1 category from borderline EGJ opening to inconclusive EG]J
opening. This terminology change mirrored the Chicago
Classification® for HRM and was intended to reflect that EGJ
opening parameters that were not REO or NEO could be
considered as suggestive for possible EG] obstruction, yet
remained clinically inconclusive.

Functional Luminal Imaging Probe Panometry
Interpretation: Contraction Assessment

Contraction assessment is based on observing features
of the contraction morphology, cadence, and vigor in order
to identify key contraction patterns and to determine the
overall contractile response categories (Table 1). Esopha-
geal contractile activity can be defined by a transient
decrease in diameter, represented by the color variation on
a scale of red being low diameter and blue being high
diameter, and further defined by direction (antegrade or

retrograde) or other morphologic appearance (Figure 3).
Contraction features and patterns may be noted at specific
volumes, whereas the contractile response category reflects
an overall assessment of the aggregate of fill volumes 50, 60,
and 70 mL (Figure 1, Table 1). Certain contraction examples
may appear at one fill volume, but not be present at another,
and it is reasonable to expect variability from one volume to
another. For example, it is not uncommon for contractions
to appear less distinct at higher fill volumes or not be
generated at low volumes with inadequate pressure. A
normal cadence includes a rate of 6 + 3 contractions per
minute at a regular rhythm, although abnormal cadence can
be represented by rapid or slow rate and variations in
rhythm from irregular to sporadic.® Pressure is a surrogate
of the vigor of contraction and may be used as the change of
pressure during a contraction or as a key metric accompa-
nying the 60 mL EGJ-DL.”

Key Contraction Patterns and Contractile

Response Categories

The key contraction patterns (Figure 3) and categories
(Figure 4) reflect a nonlinear spectrum of function related to
secondary peristalsis and the esophageal contractile
response to distention. A hierarchal approach, informed by
the presence of specific contraction features and patterns,
can be applied to determine the contractile response cate-
gories (Figures 3-5, Table 1). Repetitive antegrade con-
tractions or multiple (ie, more than 1) distinct antegrade
contractions define a normal response.”? On the other side
of the spectrum is an absent contractile response or a
spastic contractile response (Figure 4). Key spastic patterns,
which are often irregular and associated with higher vigor,
include sustained LES contractions and sustained occluding
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A Key Contraction Patterns
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7=
Absent Pattern

No contractions in the body

Distinct Antegrade Contraction
Antegrade contractions of 26cm of axial length
with an associated pressure increase of
10mmHg or greater

Sustained LES contraction (SLESCs)
Atransient reduction in diameter at the LES,
which lasts longer than 5 seconds,

And an associated increase in FLIP pressure

26 consecutive antegrade contractions
of 26 cm in axial length occurring
at 6+/-3 contractions/min at a regular cadence

Sustained occluding contraction (SOC)
anon-propagating (retrograde or horizontal)
lumen occluding contraction in the body
that persisted for >10 seconds
with FLIP pressure increase of >35 mmHg

B Other Contraction Patterns
- . Vigorous Antegrade Contraction
Repetitive Retrograde Contractions (RRCs) Antegrade contraction
26 consecutive retrograde contractions with a consistent width in the body
of 26 cm in axial length occurring at a cadence that correlates with 210 s
of >9 contractions per minute. and a pressure rise >35 mmHg.
C

Other Contraction Features

Antegrade Contraction
Diagonal lines of at least 3 cm in axial length
from top left to bottom right

Retrograde Contraction
Diagonal lines of at least 3 cm in axial length
from bottom left to top right

Focal Isolated Contraction
Isolated horizontal activity without apparent
axial propagation of low diameter <3cm
and less than 5 seconds and in the body
not contiguous with LES / ‘HPZ’

Focal Sustained Contraction
Sustained horizontal activity noted in the body
or within the HPZ of >10 seconds with an
associated FLIP pressure increase >35 mmHg

Triangle-shaped Contraction
isosceles shaped activity with the base on HPZ
thatmaybe 1-6cminlength

Bridged-Shaped Contraction
mound of retrograde then sustained
and then antegrade activity

Figure 3. FLIP panometry key contraction patterns and additional common findings. (A) Key contraction patterns are listed
below with criteria (outlined in blue) and representative example images. Additional findings are commonly seen during FLIP
panometry and are also presented here to assist with a common vocabulary. (B) These include the contraction patterns of
repetitive retrograde contractions and vigorous antegrade contractions, which have unclear clinical significance. (C) Other
morphologic features that may be seen are listed with proposed definitions and examples. These may be used for teaching
purposes, to describe nonclassic cases, and/or be a source of further investigation. Reproduced with permission from the
Baylor University Medical Center, Dallas, TX. © Baylor Scott & White Center for Esophageal Diseases.

contractions (SOCs) (Figure 3), and are associated with
spastic motility disorders, such as type III achalasia.”"’
These may occur with or without an LES lift, a dynamic
event when LES-EGJ complex migrates proximally in the
setting of a spastic contraction. The vertical extent of
“spastic feature,” for example, vertical span of SOCs, should
also be noted. Furthermore, spastic contractile response (or
disordered contractile response, see below) may be reactive
(secondary) processes to subtle mechanical obstruction and
may prompt endoscopic reinspection and consideration for
dilation. Presence or absence of distinct antegrade con-
tractions should also be noted in spastic contractile
response and then described as spastic contractile response
with presence of distinct antegrade contractions.

For cases not meeting clear spastic, normal, or absent
contractile response criteria, pressure can separate cases

into “diminished” contractile response (low pressure),
which may fall on the hypomotile spectrum, or “disordered”
contractile response (high pressure), which may fall on the
spectrum between normal and spastic” A pressure
threshold of 40 mm Hg was proposed (pressure at 60 mL
associated with the EGJ-DI measurement), recognizing the
potential limitation of applying a dichotomous threshold (ie,
tradeoff of sensitivity and specificity) and that greater ex-
tremes from this threshold may also reflect higher proba-
bility for hypomotility (eg, pressure <30 mm Hg) or spasm
(eg, pressure >55 mm Hg).”

Other Contraction Patterns and Features

Another key discussion topic among the working group
related to other contraction patterns and examples beyond
repetitive antegrade contractions, SOCs, or sustained LES
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Category Morphology Cadence Vigor Key Patterns Example
Spastic Consider with
C il Retrograde Irregular Pressure SOC’s
ontractile Horizontal Sporadic increase of >35 sLESc’s
Response mmHg
] >40 mmHg
Disordered at 60 at EGJ-DI
Contractile Variable Variable Consider with
Response Pressure increase
of >35 mmHg
s N :
Normal Repetitive or ,RAC S N
Contractile Antegrade Inconsistent Variable Multiple Distinct \\\\\
R Normal Rate Ariteginda
esponse Contractions [l i L
Diminish
y -ed Variable Variable < 40 mmHg
Contractile at 60 at EGJ-DI
Response
Absent Sten
Cont til A:(bsl(le:ltl N/A <40 mmHg Absent
ontracule ALER at 60 at EGJ-DI Pattern
Response volumes

Figure 4. Contractile response categories. Each contractile response category is demonstrated with an example represen-
tative image, features based on morphology, cadence and vigor, and the associated key pattern. Reproduced with permission
from the Baylor University Medical Center, Dallas, TX. © Baylor Scott & White Center for Esophageal Diseases.

Assessed over the aggregate (total duration) of the 50ml, 60ml, and 70 ml fill volumes

| Are contractions present? |

No Yes
[ Absent contractile response | |  Are SOCs or sLESCs present? |
No Yes
Are multiple (>1) distinct | Spastic contractile response
antegrade contractions present??
No Yes
Is the 60ml FLIP pressure >40 | Normal contractile response |
mmHg?
No Yes
| Diminished contractile response | | Disordered contractile response |

Figure 5. A hierarchical approach to classifying the FLIP panometry contractile response category. Presence (or absence) or
key contractile features (in addition to the pressure taken with the EGJ-DI during the 60-mL fill volume) can be applied to
classify the contractile response. Presence of more than 1 distinct antegrade contraction defined the normal contractile
response, which did not require that distinct antegrade contractions occur in the repetitive antegrade contraction (RAC)
pattern.
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contractions that may be observed during the FLIP pan-
ometry study. However, due to uncertainty with regard to the
clinical significance of these other contractile features, the
group consensus was to not incorporate them in the motility
classification criteria as this time. However, appreciating the
evolving nature of classification systems, standardized defi-
nitions were proposed to advance a common vocabulary for
atypical or incomplete cases and to facilitate future studies
(Figure 3). In particular, the repetitive retrograde contraction
(RRC) pattern, while still recognized as an abnormal finding,
was removed as a criterion of the spastic contractile
response, given its potential as a nonspecific finding (Table 1,
Figure 3). RRCs, particularly when occurring at a rapid
(>9/min) rate, were initially associated with spastic acha-
lasia. 1% With additional experience, RRCs were recognized
as also occurring in other esophageal diseases states (eg,
mechanical esophageal obstruction) and considered that
RRCs seen at low volumes (ie, 30 and 40 mL) may represent
passive propagation from a respiratory trigger. RRCs seen at
higher fill volumes (ie, >50 mL) or associated with a higher
pressure at 60 mL may be more indicative of an abnormal
state. Additionally, exaggerated or prolonged antegrade con-
tractions (“vigorous antegrade contractions”), which were
possibly categorized among “borderline contractile response”
in the previous classification categories, can be observed.""
“Vigorous antegrade contractions” (Table 1, noting the defi-
nition did not meet the 80% acceptance threshold; Figure 3)
may be reactive in nature in most cases, such as in the setting
of an esophagus slowly propagating against a subtle me-
chanical obstruction, for example, stricture or hiatal hernia.
Other overlapping features with key contraction patterns or
categories, such as contractions associated with a pressure
increase of >35 mm Hg that do not clearly meet criteria for
SOC or sustained LES contractions, were also considered to
possibly suggest variants of disordered spastic contractions.
Other contraction patterns of unknown clinical significance,
such as isolated focal, sustained focal, triangle-shaped, and
bridge-shaped contractions may also be observed (Figure 3).
Although there is not a clear association with RRCs, vigorous
antegrade contractions, or these other features with a specific
disease state, their presence may be appropriate to prompt
endoscopic reinspection for subtle rings or strictures and
take those findings in an appropriate context and determine
the need for further investigation (eg, with HRM).

Functional Luminal Imaging Probe Panometry
Motility Classification, Version 2.0

The FLIP panometry classification scheme in-
corporates the contractile response and EGJ] opening to
inform a motility impression (median response 9.0; 88%
agreement).

Ultimately, the EG] opening classification (Figure 2), and
the contractile response categories (Figures 3-5) were
jointly applied to designate a FLIP panometry motility
classification (Figure 6). There was also recognition that
esophageal dysmotility occurs along a spectrum (albeit one
that is not linear), hence, designations or metrics falling with
a certain category should also be interpreted with

FLIP Panometry for Esophageal Motility Disorders 1123

consideration for the probability of normal vs abnormal
motility. For example, a FLIP panometry with a “disordered
contractile response” may carry a lower probability for a
spastic motor disorder than a “spastic contractile response”
and FLIP panometry with a “diminished contractile
response” would carry a lower probability for clinically
relevant hypocontractility than an “absent contractile
response.”

At the figurative ends of the motility spectrum, there was
considerable agreement about the clinical application of a
“normal” FLIP panometry (ie, a normal contractile response
with normal EGJ opening) and “nonspastic obstruction” (ie,
an absent or diminished contractile response with reduced
EGJ] opening). These statements were subjected to inde-
pendent literature review and summary:

A major motor disorder is unlikely in the setting of a
“normal” FLIP panometry classification (ie, normal
contractile response with NEO) (median response 9.0;
94% agreement).

The evidence supporting the clinical significance of FLIP
panometry with both normal contractile response and NEO
is primarily based on a series of cohort studies that
consistently showed a major motor disorder on HRM is
uncommon when FLIP panometry is normal.”>'* In the
largest cohort of the series (722 subjects), normal motility
on FLIP (normal contractile response and NEO; n = 86
patients) was associated with 92% normal motility and 6%
absent contractility/ineffective esophageal motility, with
only 2% distal esophageal spasm or hypercontractile
esophagus, and no achalasia or EG] outflow obstruction
(EGJOO) on HRM."

Multiple studies have provided evidence to support this
criteria of either NEO or a normal contractile response as
diagnostic for the absence of achalasia or a major motility
disorder on HRM independently (Supplementary Table 2).
Of note, the definition and threshold for “normal EGJ
opening” has varied between studies and some only apply
EGJ-DI or EGJ diameter in isolation (instead of applying both
to define NEO), which somewhat limits assessment of the
current classification. A meta-analysis of 15 studies
involving 154 healthy subjects found that the 5th-95th
percentile EGJ-DI values at 60 mL was 3.1-8.1 mm?/mm Hg
and no healthy subjected had an EGJ-DI < 2.0 mm?/mm
Hg.'® In a study of 687 total patients, 99% of 203 patients
with NEO defined by an EGJ-DI >2.0 mmz/mm Hg and
maximum EGJ-diameter >16 mm had normal EGJ outflow
per HRM/Chicago Classification, version 4.0.%° Another
study of 184 patients demonstrated that 0 of 23 patients
with achalasia had “NEO” with an EGJ-DI >2.0 mm?/mm Hg
and maximum EGJ-diameter >16 mm.'® Furthermore,
among patients with NEO on FLIP and inconclusive EGJOO
on HRM who received conservative, non-achalasia-type
therapy, 90% reported good symptomatic outcomes.'’
Among earlier studies applying only EGJ-DI to define
normal EGJ distensibility, a threshold of 2.8-3 mm?/mm Hg
showed reduced EGJ distensibility in only 0%-10% of pa-
tients with achalasia, conclusive EGJOO, or other major
motility disorders on HRM'®?¢1819 or abnormal timed
barium esophagram (TBE) (Supplementary Table 2).

17,20-22
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Spastic

Possible Spasm
Disordered

Diminished

Contractile Response (CR)

Hypocontractility

Absent

Esophagogastric Junction (EGJ) Opening

Reduced (REO)

Spastic
Obstruction

Non-spastic
Obstruction

Figure 6. The FLIP Panometry Motility Classification, version 2.0. The Dallas consensus incorporated the contractile response
(CR) and EGJ opening categories to classify esophageal motility with FLIP panometry. *With inconclusive EGJ opening, which
suggests “possible obstruction,” the motility classification should be further described with the contractile response category.
These esophageal moatility classifications should be applied in the context of the patient’s history and endoscopy findings to
help guide clinical management. *With inconclusive EGJ opening, which suggests “possible obstruction,” the motility clas-
sification should be further described with the contractile response category.

Similarly, normal contractile response has been determined
to be evidence against clinically significant major motility
disorder, as repetitive antegrade contractions were rarely
found among patients with achalasia or absent
contractility”'#'*'%?3 or patients with abnormal TBE.”**
Specifically, in a large cohort of 706 patients and 35
asymptomatic controls, no patient with normal contractile
response (n = 108) had achalasia or absent contractility,
although no patient with 100% failed peristalsis on HRM
(n = 218) showed normal contractile response."*

Therefore, a normal FLIP panometry carries a high
negative predictive value for a major, actionable esophageal
motility disorder (including in the context of an inconclusive
HRM, such as EGJOO), and the clinical management can
likely be directed toward possible gastroesophageal reflux
disorder or a functional syndrome.

Diminished or absent contractile response with
reduced esophageal opening supports the diagnosis of a
disorder of EGJ] outflow (median response 8.5; 94%
agreement).

Few studies have directly assessed the predictive value
of a diminished or absent contractile response with REO on
FLIP (ie, “nonspastic obstruction,” Figure 6) for a disorder of
EGJ] outflow (Supplementary Table 2). A large cohort study
of 722 subjects found that among 202 patients with
diminished or absent contractile response and REO on FLIP,
92% had manometric findings consistent with achalasia or

EGJOO with abnormal emptying on TBE in 77%." In addi-
tion, a retrospective study of 139 patients meeting mano-
metric criteria for EGJOO found that 72% with conclusive
FLIP findings for a disorder of EGJ outflow had a diminished
or absent contractile response, with these patients overall
more likely to have abnormal emptying on TBE and high
rates of clinical success with sphincter-directed therapy.'”
Multiple studies have provided evidence for the diag-
nostic accuracy of either REO or a diminished or absent
contractile response on FLIP for a disorder of EGJ outflow
independently (Supplementary Table 2). Although the EGJ-
DI threshold of REO on FLIP has changed over time, a se-
ries of studies from a large cohort have consistently
demonstrated positive predictive values >75% for a
manometric diagnosis of EGJ outflow disorder with EGJ DI
<2 mm?/mm Hg and EGJ diameter <12 mm along with
negative predictive value > 90% when these criteria are not
met."*'® Further REO was associated with abnormal
emptying on TBE,'”'?*>?¢ with 1 study reporting a positive
predictive value of 75% for a DI <2 mm?/mm Hg with a
100% negative predictive value with a DI >2 mm?/mm
Hg.”® Another study found that a DI <2 mm?®/mm Hg had a
sensitivity of 80% and a diameter <12 mm a specificity of
90% for an abnormal TBE.?' Patients with REO on FLIP also
have greater symptom burden, reflected by higher Eckardt
scores compared with those with normal EGJ
opening.'>*"?**?” (Clinical response to lower esophageal
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sphincter-directed therapy has also been associated with
REO on FLIP.'®!7:202527-30 Diminished or absent contractile
response on FLIP further supports a clinically relevant
disorder of EG] outflow, representing the most common
contractile response in patients with achalasia,*****192031
In addition, 1 prospective study demonstrated an odds ratio
of 22.5 (95% CI, 2.5-206.7) for symptomatic response to
botulinum toxin injection to the LES for patients with a
diminished or absent contractile response on FLIP.*?

Hence, with FLIP panometry of “nonspastic obstruction,”
a conclusive disorder of EGJ] outflow, such as achalasia, is
suspected. This finding may be sufficient to reach a defini-
tive diagnosis in the context of supportive clinical data,
including whether HRM is inconclusive in isolation (eg, HRM
of EGJOO). However, if there is clinical uncertainty or
discordant results, such as an endoscopy or other testing
(eg, HRM or esophagram) that is not consistent with acha-
lasia/EGJOO, additional testing is warranted to apply in a
complementary manner.

A spastic or inconclusive FLIP panometry classifica-
tion should prompt further workup, such as with HRM
and/or TBE with tablet (median response 9.0; 81%
agreement).

Furthermore, although group consensus of clinical rele-
vance of criteria was generally applied in designating the EGJ
opening, contractile response, and esophageal motility clas-
sifications, there was also recognition that some FLIP pan-
ometry categories would require additional evaluation to
further characterize esophageal motility and better define
clinical relevance. Thus, FLIP studies with “inconclusive EGJ
opening” may indicate a “possible obstruction” (Figure 6), but
typically requiring complementary application of results from
other testing with TBE with tablet or HRM to further define.
In addition, FLIP panometry classifications suggesting spasm,
that is, “possible spasm,” “spastic obstruction,” or possible
obstruction with spastic or disordered contractile response,
may support pursuit of HRM to further characterize the type
and extent of spastic motor activity. “Obstruction with
normal contractility” (REO with normal contractile response)
suggests mechanical obstruction and should prompt endo-
scopic reinspection for subtle stricture or ring and consid-
eration of dilation. There was also consideration that other
contractile features (eg, RRCs or vigorous antegrade con-
tractions) may prompt additional workup in the appropriate
clinical context. Ultimately, clinical application of these FLIP
findings should be performed in a complementary nature
with other clinical data to reach a global clinical impression. If
diagnostic uncertainty persists, seeking additional testing or
clinical monitoring during conservative management should
be considered.

Future Directions

There is considerable excitement regarding use of FLIP
panometry to help diagnosis esophageal motility disorders.
Not only does it provide a patient-centered method (ie, well-
tolerated and convenient), it also improves the diagnostic
yield of the endoscopic encounter, leading to direction of
immediate endoscopic intervention (eg, dilation) and/or
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need for additional evaluation. The present work represents
efforts to advance the FLIP panometry approach, seeking to
standardize the procedure and interpretation, as well as to
refine the classification of esophageal motility using FLIP
panometry. An accessible and standardized approach for
use and interpretation for FLIP panometry hopes to facili-
tate a broader group of users and scenarios to streamline
and advance care in esophageal dysmotility. Continued
advancement and evolution of the FLIP approach is antici-
pated, similar to the process of serial updates for the Chi-
cago Classification of HRM motility diagnosis.” There are
limitations of the proposed approach, such as clinically
inconclusive FLIP categories or findings (eg, inconclusive
EG] opening or RRCs) and knowledge gaps that will be
targets of future investigation and evolution of the FLIP
panometry approach. These include development and
incorporation of novel metrics, such as contractile work or
power; further application of machine learning (possibly to
assist integration of other diagnostic test results); improved
phenotyping of esophageal dysmotility; and studies to
assess prediction of treatment outcomes. Future work will
also seek to advance FLIP panometry utilization in other
clinical scenarios beyond esophageal motility disorders,
such as eosinophilic esophagitis.***° Furthermore, the
esophageal response to distention represents an important
aspect of esophageal function and the advent of FLIP pan-
ometry offers opportunities to reinvigorate investigations
into the related pathophysiology.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.2025.01.234.
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Supplemental Materials and Methods

Instructions to Panelists for Each Round of Voting

This round will assess the group’s agreement for which
statements regarding the FLIP panometry protocol and
interpretation approach should be recommended, should be
recommended against, or are not appropriate for a recom-
mendation. Of note, we are not trying to force consensus,
but rather to understand where there are high levels of
agreement (or disagreement) among this group.

You will rank each statement for your perceived
appropriateness. Ranking is on a scale of 1-9, where 1
means that the expected harms greatly outweigh the ex-
pected benefits and 9 means that the expected benefits
greatly outweigh the expected harms.

Generally, scores of: 1, 2, or 3 = inappropriate measure;
4, 5, or 6 = equivocal/uncertain appropriateness; and 7, 8,
or 9 = appropriate measure.

Gastroenterology Vol. 168, Iss. 6

Please use the following instructions when ranking the
appropriateness of these statements:

1. The statements do not necessarily have to apply to
any one specific patient, but rather, they may pertain
to the overall care of patients.

2. A statement/measure (when applicable) is consid-
ered "valid" if adherence with this measure is critical
to provide quality care to patients, exclusive of costs
or feasibility.

3. Base your rankings on your own personal judgment,
and not what you believe other experts or the panel
might say.

4. Consider these measures for the average patient
presenting to the average physician at an average
hospital.
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In-Person Discussion of

Statements
(May 2023)

Virtual On-Camera
Discussion of

Statements
(August 2024)

Small group work
(August -September 2024)

Virtual On-Camera
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(October 2024)

A

Consensus on Final
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J

Supplementary Figure 1. Process for methodology for development of consensus statements.
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Supplementary Figure 2. Dry catheter artifact. FLIP panometry output from 2 cases with example of the “dry catheter artifact”
are displayed (A, B). Lumen occlusion (ie, luminal diameter approximately <6-7 mm) of the FLIP can disrupt the electrical
current used by the impedance planimetry technology, causing a “dry catheter artifact” that results in falsely elevated diameter
measures at FLIP sensors outside of the area of lumen occlusion. Areas affected by dry catheter artifact (which are repre-
sented in red dashed boxes on the FLIP topography plots) can occur distal (A) and proximal (B) to area of lumen occlusion and
should be omitted from analysis. Achieving these actual diameters (>30 mm) on FLIP would likely rupture the bag. Repro-
duced with permission from the Esophageal Center of Northwestern Medicine. © Esophageal Center of Northwestern

Medicine.

Supplementary Table 1.Working Group Characteristics

Characteristic

Data

Age, n (%)
30-40y
41-50y
51-60 y
>60y

Female, n (%)

Years in practice, mean (SD)

Clinical esophageal
motility experience

FLIP

No. of procedures interpreted/
performed over career, n (%)
25-100
101-500
501-1000
>1000

No. of procedures interpreted/
performed per month
(average over the past year), n (%)
1-10
11-20
21-30
>30

7 (44)
6 (38)
3 (19)

1(6)
3(19)

5 (31)
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Supplementary Table 2. Summary of Key Citations of Formal Literature Review

Study,
first
author

Year

Study
location

Study design

EGJ-DI
threshold
(mm?/mm Hg)

EGJ diameter
threshold
(mm)

Main findings

Triggs®®

Carlson’

Rooney'®

Carlson?’

Carlson'®

Jain®®

Carlson®

2020

2021

2021

2021

2022

2022

2022

Chicago, IL

Chicago, IL

Chicago, IL

Chicago, IL

Chicago, IL

Atlanta, GA

Chicago, IL

Retrospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Prospective observational

Retrospective cohort

34

722

240

329

741

79

722

<2

<2

<2

<2

<2.8

<2

NA

<12

<12

<12

NA

NA

<12

PPV of 75% for a DI <2 and NPV of 100% for DI >2 for
abnormal TBE among 18 patients with HRM consistent
with EGJOO, with 7 of 9 responding to sphincter-
directed therapy. Of 7 patients with NEO on FLIP, all
had normal TBE.

Among 202 patients with absent or diminished CR with
REO on FLIP, 92% had HRM findings consistent with
an EGJ outflow disorder and 77% had abnormal TBE.

Among 86 patients with NEO and normal CR, 92% had
normal HRM and 1% had findings consistent with an
EGJ outflow disorder.

Compared with 0% of healthy controls, 91% of patients
with achalasia had a DI <2. Compared with 2% of
healthy controls, 100% of achalasia patients had a
diameter < 12 mm.

FLIP was superior to HRM to predict TBE (odds ratio, 30.7
vs 1.8)

Compared with healthy volunteers who all had normal or
borderline CR, 91% of patients with achalasia or
absent contractility on HRM had diminished or absent
CR on FLIP. Patients with diminished or absent CR
had a lower DI and diameter compared with those with
normal CR.

Among a cohort with achalasia or barium tablet retention
on esophagram, DI <1.25 had a sensitivity of 87% and
specificity of 52% for significant dysphagia (Eckardt
>2).

Patients with REO and higher symptom burden and 86%
had a conclusive EGJ outflow disorder, with AUC of
0.897 for DI <2 and AUC of 0.963 for diameter <12
mm to discriminate conclusive EGJ outflow disorders
of EGJ from normal EGJ outflow. Among 203 patients
with NEO, 99% had normal EGJ outflow per Chicago
Classification, version 4.0

G20z aunr

yo'z211L s1apiosig Aunop [eabeydos3 1o0) Ajawoued did



PAAISSAI SIYSLI [ "U] I1AS[H $70ZO S1Ado)) uorsstuniad jnoyyim sasn 19130 oN "AJuo asn [euosiad 104
*6T0T ‘70 dun[ uo IAIAJS[H AQq wod Ay [esrur]) woij [3D] eueyn T4y 18 (B/u) 19SM) ShOWAUOUY J0J papeojumoq

Supplementary Table 2.Continued

Study,
first Study
author Year location Study design

EGJ-DI
threshold
(mm?/mm Hg)

EGJ diameter
threshold
(mm)

Main findings

Carlson'” 2023 Chicago, IL Retrospective cohort

Koop?* 2023 Chicago, IL Retrospective cohort

Biermann®> 2024 Atlanta, GA Prospective observational

Miller*? 2024  Winston-Salem, NC  Retrospective cohort

139

89

69

413

<2

<2

<2

<2

<12

<12

<12

NA

Of patients with conclusive FLIP findings for an EGJ
outflow disorder, 72% diminished or absent CR with
REO. Patients with conclusive FLIP for EGJ outflow
disorder were more likely to have abnormal TBE
compared with those with NEO (43% vs 0%) and 77%
responded to achalasia-type sphincter-directed
therapy.

Among 13 patients with NEO, 1 of 3 (33%) treated with
achalasia-type therapy had good outcomes compared
with 9 of 10 (90%) treated with non-achalasia—type
therapy.

In this study of patients who underwent HRM, FLIP, and
TBE, 31 patients had NCR (34.8%) and 34 had BCR
(38.2%). 90% of NCR had normal TBE (and none had
>5 cm at 5 min), while 82.3% of BCR had normal TBE
(1 patient [2.9%] had >5 cm at 5 min).

Among patients with REO, diminished or absent CR
compared with normal or borderline CR was
associated with symptomatic response to botulinum
toxin injection to LES (odds ratio, 22.5)

Overall agreement between FLIP diagnoses and TBE was
49%, with a sensitivity of 98.1% and specificity of
36.5%. The sensitivity of DI <2 for diagnosing
abnormal TBE was 45.1%, with specificity of 61.9%.

NOTE. The formal literature review assessed the following 2 key statements: “A major motor disorder is unlikely in the setting of a ‘normal’ FLIP panometry classification”
and “Diminished or absent contractile response with reduced esophageal opening supports the diagnosis of a disorder of EGJ outflow.” Key findings of included supportive
studies specifically assessing the diagnostic accuracy of applying these statements to both exclude a major motility disorder and identify a disorder of EGJ outflow are

briefly described.

AUC, area under the curve; BCR, borderline contractile response; CR, contractile response; NA, not applied; NCR, normal contractile response; NPV, negative predictive

value; PPV, positive predictive value.
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