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Abstract

Background: The Eckardt score (ES) is used to assess symptom response to Per-Oral
Endoscopic Myotomy (POEM), but reliable methods to assess physiologic success are needed.
Functional lumen imaging probe (FLIP) panometry has a potential role in post-POEM follow-up
to predict long-term outcomes. The aim of this study was to assess the correlation between clinical
success and FLIP parameters following POEM to determine if short interval FLIP could predict
long term outcomes.

Methods: This was a prospective study of adult patients who underwent POEM with short
interval follow-up FLIP between 11/2017-3/2020. Clinical success was defined as post-procedure
ES <3. Physiologic success was based on an esophagogastric junction distensibility index (EGJ-
DI) >2.8 mm2/mm Hg on FLIP.

Results: 47 patients (55% female, mean age 55 years) were included in the study. Clinical
success after POEM was seen in 45 (96%) patients (mean ES 6.5 + 2.2 pre and 0.83 + 1.0
post-POEM, p<0.001). Physiologic success was noted in 43 (91.5%) patients (mean EGJ-DI 6.1
mm?2/mm Hg + 2.5). Among 4 patients not meeting criteria for physiologic success, EGJ-DI was
2.5-2.6. There was no correlation between post-POEM EGJ-DI and ES in the short term or long
term. Significant reflux esophagitis was seen in 6 (12.8%) patients with no difference in mean
EGJ-DI with vs without esophagitis (5.9 vs 6.1, p=0.44).

Correspondence: Mihir S. Wagh, MD, FACG, FASGE, Interventional Endoscopy, Division of Gastroenterology, University of
Colorado School of Medicine, 1635 Aurora Court, F735, Aurora, CO 80045, USA, Phone: (720) 848-2786 Fax: (720) 848-2749,
mihir.wagh@cuanschutz.edu.
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Conclusions: Post-POEM endoscopy with FLIP is useful to both assess EGJ physiology and to
examine for reflux esophagitis. Short interval FLIP has limited utility to predict long term patient
outcomes or risk of acid reflux.

Keywords
Achalasia; esophageal manometry; esophagitis; dysphagia

Introduction

Achalasia has an annual incidence of 1-2 per 100,000 and is characterized by lack of
peristalsis and failed relaxation of the lower esophageal sphincter (LES).1: 2 Pneumatic
dilation and surgical Heller myotomy had been the mainstay of therapy until the introduction
of per-oral endoscopic myotomy (POEM) in the last decade. POEM has been shown to

be a safe and effective treatment for achalasia and select patients with other esophageal
motility disorders.3-8 Randomized clinical trials have demonstrated high rates of treatment
success with POEM for achalasia compared to pneumatic dilation and Heller,”- 8 even after
prior surgery or endoscopic intervention.®-13 The main disadvantage of POEM is a greater
likelihood for acid reflux seen in up to 40% of patients.14

The most widely used metric for assessing clinical improvement in achalasia is the

Eckardt score (ES), a patient reported index for severity of symptoms including dysphagia,
regurgitation, chest pain and weight loss.1®> Although patient reported outcomes are the
primary measure of success, objective parameters such as myotomy adequacy and GERD
development are critical outcomes that should be included in a complete post treatment
evaluation.18 However, this type of comprehensive testing is limited by the fact that
diagnostic modalities such as high-resolution esophageal manometry (HRM) or even a timed
barium esophagram are often associated with poor patient tolerance and compliance. This is
especially true for patients who are finally feeling relief after their POEM and do not want to
undergo additional examinations. Conversely, repeat sedated upper endoscopy has become a
critical step to evaluate for post POEM GERD and is well tolerated and acceptable to most
individuals. Combining this post POEM endoscopy with a test that assesses the LES and
provides an objective assessment of myotomy adequacy could potentially improve clinical
prognostication.

The functional lumen imaging probe (FLIP) uses a compliant fluid filled bag with
impedance planimetry channels to assess esophageal physiology and luminal distensibility
across the esophago-gastric junction (EGJ). FLIP is performed during a sedated upper
endoscopy and well tolerated. Prior studies have demonstrated strong correlation between
EGJ distensibility index (EGJ-DI) on FLIP and findings on high-resolution manometry for
both achalasia and normal esophageal function.1’” FLIP has also been used intraoperatively
to guide myotomy and predict outcomes.1® Therefore, FLIP panometry may be a useful tool
to assess the adequacy of myotomy during follow up after POEM. The aim of this study was
to assess the correlation between clinical success and FLIP parameters following POEM to
determine if short interval FLIP could predict long term outcomes. Given the limited data on
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the utility of FLIP in GERD evaluation, we also evaluated optimal EGD-DI values related to
post POEM esophagitis.

Study Design

This was a prospective study of adult patients with a manometric diagnosis of achalasia

or EGJ outflow obstruction (EGJOO) who underwent FLIP assessment as part of routine
3-month follow-up after undergoing POEM between 11/2017-3/2020 at a single center
tertiary care hospital. As per our protocol, all patients undergoing POEM were scheduled for
endoscopy with EndoFLIP at approximately 3 months after POEM. If patients did not keep
their follow-up appointments, they were reminded to do so, but unfortunately some patients
were still not willing to repeat endoscopy due to travel requirements (referrals from distant
locations) or if their symptoms had resolved. Additionally, some patients in this cohort did
not complete the follow-up endoscopy or get rescheduled due to the onset of the COVID-19
pandemic requiring elective procedures to be postponed. Therefore, we only included POEM
patients from our institution who completed a subsequent endoscopy with FLIP. This study
was approved by the Colorado Multiple Institutional Review Board.

Pre-POEM protocol

POEM

All patients referred to our hospital for dysphagia and esophageal motility disorders undergo
a multidisciplinary evaluation which includes upper endoscopy, barium esophagram,
esophageal physiologic testing, evaluation by an esophagologist and consultation with an
endoscopist experienced in POEM. Achalasia or EGJOO was confirmed on high-resolution
esophageal manometry (Chicago Classification version 3.0).1° FLIP was utilized before
POEM only if testing was inconclusive and further clarification was needed. Symptoms
were assessed using the validated Eckardt score (ES) which measures the frequency of
symptoms (scale 0-3) in 4 categories (dysphagia, regurgitation, retrosternal chest pain, and
weight loss) with higher scores indicating more severe symptoms.2%: 21 Treatment options
were discussed with the patient including endoscopic therapies and referral to surgery.
POEM is considered first line therapy at our institution, except in very few cases e.g. not
candidate for general anesthesia, advanced age, or end stage achalasia (severely dilated,
sigmoid shaped esophagus).

All POEM procedures were performed by a single experienced endoscopist (MSW) using
previously described technique.22 23 Briefly, POEM was performed in the supine position in
the endoscopy unit under general anesthesia with endotracheal intubation. Antibiotics were
administered peri-procedurally. A posterior submucosal tunnel with a posterior myotomy in
the 5 o’clock position was performed with the T-type Hybrid knife (ERBE USA, Marietta,
GA). Typically, a 6-8 cm myotomy was performed in the esophagus and extended 2

cm in the cardia. Extension of the submucosal tunnel and myotomy into the cardia was
confirmed by typical landmarks (e.g. submucosal tunnel narrowing at the GE junction and
then widening in the cardia, presence of palisading vessels/spindle veins, larger vessels in
the cardia, and documentation of submucosal bluish bleb in the cardia on retroflexion in the
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gastric lumen), and distance from the incisors. Bleeding during the procedure was treated
with the dissection knife and/or Coagrasper (Olympus America, Center Valley, PA). The
mucosal incision was closed with endoscopic clips (Quick Clip Pro, Olympus America,
Center Valley, PA). All patients were admitted for overnight observation and an esophagram
was obtained the next morning to exclude leak after POEM. Patients were discharged on a
liquid diet and advanced to soft foods in 1 week. Oral antibiotics were continued for 7 days.
Patients were not routinely placed on proton pump inhibitor therapy after POEM but were
reassessed clinically for acid reflux and endoscopically for evidence of esophagitis at their
3-month follow-up and underwent annual upper endoscopy after that.

Post-POEM Follow-up

Outcomes

As part of our standard practice, all patients had upper endoscopy with FLIP approximately
3 months following POEM for objective assessment. The 16-cm catheter (EndoFLIP
EF-322N, Medtronic, Minneapolis, MN) was introduced through the mouth and advanced
across the esophago-gastric junction under endoscopic guidance. The balloon was distended
to 30ml to confirm adequate positioning and then in 10 mL increments to 60mL. EGJ-

DI and maximal diameter were measured. During the endoscopy presence of erosive
esophagitis according to Los Angeles classification or candida esophagitis was assessed.

The primary outcomes were clinical success and physiologic success after POEM. Clinical
success was defined as post procedure ES <3 at 3 months.1> Physiologic success was
defined as post-POEM EGJ-DI >2.8 mm2/mm Hg at 60mL.24 Secondary outcomes included
correlation between ES and EGJ-DI, and rate of clinically significant reflux esophagitis
(Los Angeles Classification Grade C or D).2% Long term outcomes were also collected (ES)
through patient visits and telephone calls.

Data Analysis:

Results:

Clinical and physiologic success rates following POEM were reported using proportions.

ES before versus after POEM was compared using the paired t-test. Linear regression

and Pearson’s correlation were used to evaluate the association between clinical success

and physiologic success (ES and EGJ-DI). Logistic regression was used to determine the
relationship between EGJ-DI and significant reflux esophagitis. P-values less than 0.05 were
considered significant. All data was analyzed using Stata (V.15.1 StataCorp, College Station,
TX).

47 patients (55% female, mean age 55 years) underwent POEM for achalasia (60% type II,
15% type 111, 13% type 1) or EGJOO (11%) with a median integrated relaxation pressure of
27 (IQR 19.9-34.3) (Table 1). Most (70%) had not undergone previous therapy, while 14.9%
had previous botox injection and 8.5% previous botox injection and pneumatic dilation. One
patient had a previous surgical Heller myotomy (2.1%). The mean ES prior to POEM was
6.5 £ 2.2. POEM was performed in all patients with a mean myotomy length of 10.5 £

Surg Endosc. Author manuscript; available in PMC 2024 January 07.
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2.2cm. There were two (4.3%) adverse events related to POEM (ER visits for chest pain
with negative workup) and none associated with FLIP.

Clinical Success

Clinical success after POEM was seen in 45/47 patients (96%). Mean ES significantly
decreased from 6.5 = 2.2 to 0.83 £ 1.0 after POEM (p<0.001). (Table 2). The dysphagia
component of the ES also decreased from mean 2.5 + 0.78 to 0.53 £ 0.75 after POEM
(p<0.001). There were 33/47 patients who were treatment naive. In this group, clinical
success was 97% (32/33) similar to the primary analysis. All patients underwent endoscopy
with FLIP at a median 91 days after POEM. Clinically significant (grade C/D) esophagitis
was seen in 6 (12.8%) patients and 3 (6.4%) patients had candida esophagitis.

Physiologic Success

During follow up FLIP at 60 mL fill volume, the mean DI was 6.1 + 2.5 mm2/mm Hg, mean
diameter 12.4 + 2.3 mm, and mean balloon pressure 21.2 + 5.5 mm Hg (94% over 15 mm
Hg). Adequate myotomy as measured by DI >2.8 on FLIP was seen in 43 (91.5%). In the
four patients who did not meet the threshold for adequate myotomy on FLIP, post POEM

DI at 60 mL was 2.5 (n=2) or 2.6 (n=2). All 4 of these individuals met criteria for clinical
success with post poem ES < 2. Only one of these patients had FLIP performed prior to
POEM (due to equivocal HRM) and DI was 0.4 mm?2/mm Hg. In the 33 treatment naive
patients physiologic success was seen in 94%.

Clinical Failures

Of the two patients who were clinical failures in the short term, one individual with
achalasia type 1 and history of prior Heller myotomy reported significant symptom
improvement (ES 10 to 4, DI 6 mm2/mmHg). The second patient had achalasia type I

and initially reported symptom improvement (ES 6 to 4, DI 6.7 mm2/mm Hg) though by 4.5
years post POEM her ES was back to 6.

Long Term Outcomes

There were 33 (70%) individuals who were followed for a median of 2.89 years beyond
POEM. Twenty-eight (84.8%) had ongoing clinical success. There were 5 patients who had
worsening symptoms at long term follow up with ES 4-7. One of these was the individual
who had a post POEM DI of 2.5. The other 4 who had late clinical failure had normal post
POEM FLIP (i.e. had no evidence of impaired distensibility on FLIP at 3 months).

Correlation between clinical success and physiologic success and esophagitis

Linear regression of indices at 3 months post POEM showed a trend that as the EGJ-DI
increased, the ES decreased, however this correlation did not reach statistical significance
(r=-0.2231, p=0.13) (Figure 1). Correlation was also not demonstrated between EGJ-DI
and long-term ES (r=0.1044, p=0.56). There was no difference in mean DI in those with
versus without Grade C/D esophagitis (5.9 + 1.5 versus 6.1 £ 2.6, p=0.44) and DI was not
predictive of having clinically significant esophagitis (OR 0.96, 95% CI 0.67-1.37).

Surg Endosc. Author manuscript; available in PMC 2024 January 07.
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Discussion:

This study describes the role of post-POEM upper endoscopy with FLIP to gather
comprehensive physiologic data on adequacy of myotomy and evaluation for reflux
esophagitis. Clinical success rates after POEM were high (96%) with only 2 initial failures,
both of whom had DI measurements suggesting adequate myotomy. EGJ-DI at 3 months
indicated adequate myotomy in most patients and borderline values in 4 patients who all
demonstrated clinical success. Interestingly, one of these individuals with low DI did end
up as a clinical failure with worsening symptoms around 3.5 years. No correlation was seen
between FLIP and clinical outcomes in the short or long term, though the study was likely
underpowered.

Although POEM has gained acceptance as a viable treatment option for achalasia and
spastic esophageal motility disorders, there is no set protocol for post-POEM follow-up,
with most centers having follow-up testing based on endoscopist experience, equipment
availability, personal preferences, and research protocols. Ideally, in addition to clinical
follow-up, all patients should have post-POEM HRM, barium esophagram and esophageal
pH testing for objective assessment as well. However, these tests are poorly tolerated

and in our experience patients are reluctant to undergo these evaluations, especially if
their symptoms have resolved.28: 27 This scenario has led to a search for an optimal post
POEM test to predict clinical success. Timed barium esophagram serves an important

role in the initial diagnostic evaluation of esophageal motility disorders as well as post
treatment assessment of anatomy.28 Our standard practice is to perform an esophagram
the next day after POEM to exclude leak, but we did not routinely perform follow-up/
surveillance esophagrams post-POEM. Dewitt and colleagues evaluated whether a timed
barium esophagram 24 hours after POEM could predict short term (6 months) or long term
(2 years) outcomes. Similar to our results for FLIP, they found no correlation between the
objective metrics on esophagram and clinical outcomes (ES or esophagitis).2? The same
group also evaluated 87 patients who underwent POEM with follow up FLIP, esophagram,
and HRM and found that a normal IRP had similar sensitivity to normal EGJ-DI and
therefore FLIP could be used to predict patient outcomes.30

Our findings that clinical improvement did not appear to correlate with FLIP distensibility
metrics are similar to those reported by Teitelbaum et al where there was no correlation
between change in DI and post-POEM ES.3! Additionally, they found the “ideal” range for
final EGJ distensibility to be 4.5-8.2 mm2/mm Hg. FLIP can also be used to guide the
length of the myotomy during the procedure and to measure key parameters before and
after both surgical and endoscopic myotomy.31-38 However, one study showed that EGJ-DI
values immediately after myotomy can significantly decrease at 1 year follow-up.3” In a
study of 77 patients undergoing surgical or endoscopy myotomy, where FLIP was performed
intra-operatively immediately before and after myotomy, patients with a post procedure

ES =3 (clinical failures) were more likely to have a final intraoperative DI <3.1 mm2/mm
Hg (p=0.014).38 Of note, this study used measurements obtained at 30 mL balloon fill
volumes, a protocol not usually followed in most other studies.3® Yoo and colleagues also
demonstrated a relationship between FLIP and ES post POEM however it is difficult to
compare this to our results since they used atypical balloon volumes (30-40 mL) and DI

Surg Endosc. Author manuscript; available in PMC 2024 January 07.
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threshholds.? In our study there were only 4 patients who had a post-POEM DI <2.8 at
60mL; they had values of 2.5 or 2.6 and did well clinically. Given how close these values are
to the 2.8 DI threshold, it is possible that these measurements fall within the margin of error
for the FLIP device, raising the question of how precise the cutoff is for “adequate” EGJ-DI
after myotomy.

FLIP can provide valuable information for patients who do not have clinical improvement
after POEM. For example, if the ES does not meaningfully improve but there is a successful
outcome based on DI, this suggests the possibility that symptoms may be driven by other
processes (e.g. poor esophageal body motility, gastro-esophageal reflux, or other underlying
conditions such as anatomical obstruction from tortuous or sigmoid esophagus) rather than
inadequate myotomy. This would help direct further workup. A retrospective multicenter
study of 123 patients who had clinical failure at a median of 10.8 months after LHM

or POEM looked at the complementary role of FLIP and HRM to diagnose the cause of
failure.*1 Although the best outcomes were seen in those who had LES directed therapy for
both abnormal IRP and EGJ-DI, there were 29 patients who had discordant findings between
IRP and EGJ-DI. Of these, 15 (52%) had a change in their management based on FLIP.
Whether FLIP is sensitive enough to predict a physiologic failure first before the recognition
of a clinical failure is still not known. This was the case for one individual in our study,
however there were 4 other late failures who had normal short interval FLIP.

Follow-up endoscopy (at the time of FLIP) also provides the opportunity to monitor for the
development of esophagitis since it can be difficult to predict who will develop clinically
significant reflux disease and since there are no specific guidelines on acid suppressant
therapy post POEM. We tested the hypothesis that a higher distensibility index (and thus

a more open EGJ) might indicate a greater likelihood of reflux esophagitis but we did

not find any relationship in the present study. Larger studies are needed to determine if
FLIP parameters at the LES can predict development of reflux esophagitis post-POEM.
Post POEM ambulatory pH testing has an important role after POEM and future studies
correlating post POEM DI and positive ambulatory pH testing would be helpful. We

also recommend annual surveillance EGDs post-POEM for our patients due to the lack

of clear guidelines for management of potential post-POEM GERD and its associated
risks (esophagitis, stricture, Barrett’s esophagus, etc).Another benefit of performing upper
endoscopy after POEM is the opportunity to intervene with additional treatment such as
same session pneumatic or ESoFLIP dilation in patients with continued symptoms and low
EGJ-DI.

There are several limitations to this study. Since all patients underwent HRM up front as
the gold-standard diagnostic test, pre-POEM FLIP was not performed and not available

for comparison. We also do not routinely perform intraprocedural FLIP or post POEM
surveillance esophagrams unless patients had continued symptoms. Since most patients
were unwilling to undergo another esophageal manometry after POEM, especially if they
were clinically doing well, post-POEM manometry findings were not available. Instead, we
performed upper endoscopy with FLIP as a surrogate for HRM. For the 5 patients with
delayed clinical failure, we do not have information on the reason for recurrent symptoms,
which may not have been due to other causes unrelated to myotomy adequacy. This was

Surg Endosc. Author manuscript; available in PMC 2024 January 07.
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a heterogenous study cohort that included patients with EGJOO (10.6%) and 14.9% had
type Il achalasia which may have also impacted success rates.Finally, small sample size
with high clinical success rates precluded a more robust analysis for correlation between
post-POEM ES (clinical success) and EGJ-DI on FLIP, as is often the case in assessing
procedures where failure rate is low.

In conclusion, upper endoscopy with FLIP may be useful during follow-up after POEM

to provide an objective physiologic assessment of the LES and evaluation for reflux
esophagitis. However, our results suggest that short interval FLIP findings provide limited
utility in predicting clinical outcomes. This may be due to a true lack of relationship
between EGJ-DI and clinical success, flaws in symptom assessment using ES, or because
FLIP only evaluates myotomy adequacy and does not account for other causes of recurrent
symptoms or longer-term failures. Nevertheless, post-POEM surveillance and follow-up are
crucial to appropriately manage these patients with chronic esophageal motility disorders
and future studies will hopefully provide optimized algorithms and guidelines for long term
management and outcomes.
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Figure 1:
Relationship between Eckardt Score (ES) and Distensibility Index (DI) on FLIP (not

statistically significant).
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Table 1.

Baseline characteristics of individuals who underwent POEM and subsequent EndoFLIP

Baseline Characteristics (n=47)

Female sex, n (%) 26 (55.3)

Age, years, mean (range) 55.1 (22-82)

Indication, n (%)

Type | achalasia 6 (12.8)
Type Il achalasia 28 (59.6)
Type Il achalasia 7(14.9)
Esophago-gastric junction outflow obstruction 5 (10.6)
Integrated Relaxation Pressure, mm Hg, median (IQR) 27 (19.9, 34.3)

Prior Achalasia Treatment, n (%)

None 33(70.2)
Pneumatic dilation 2(4.3)
Botulinum toxin injection 7(14.9)
Pneumatic dilation + botulinum toxin injection 4(8.5)
Surgical Heller myotomy 1(2.1)
Eckardt Score, median (IQR) 7 (5,8)

EGJ Distensibility Index, 60mL mm&mm Hg, mean + SD (n=5) 146 +1.56

Maximum Diameter at 60mL, mm, mean + SD mm (n=5) 7.42 261
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Table 2.

Post POEM clinical outcomes and endoscopic findings

Post I ntervention Characteristics (n=47)

Eckardt Score, median (IQR)

0(0,2)

Clinical Success, n (%)

45 (95.7%)

Physiologic success (EGJ-DI > 2.8), n (%)

43 (91.5%)

Time to EndoFLIP, days, median (IQR) 91 (90,100)
Reflux esophagitis (LA Grade), n (%)
None 27 (57.5)
A 7(14.9)
B 7(14.9)
Cc 2(43)
D 4(8.5)
Candida 3(6.4)
EGJ Distensibility Index, 60mL mm%mm Hg, mean + SD 6.1£25
Maximum Diameter at 60mL, mm, mean + SD mm 124+23
Adverse Events 2 (4.3%) *

*
Emergency room visit for chest pain with negative workup
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