
Introduction
Per-oral endoscopic myotomy (POEM), initially introduced in
clinical practice in 2008 [1], has become the mainstay of ther-
apy for achalasia and esophageal spastic disorders. Post-POEM
gastroesophageal reflux disease (GERD) is a well-recognized
entity that can have direct impact on quality of life (QOL), lead

to esophagitis, peptic stricture and Barrett’s esophagus [2].
While proton pump inhibitors (PPIs) are an effective first-line
therapy in most patients [3], a subset of individuals may have
ongoing symptoms and/or objective evidence of uncontrolled
reflux on endoscopy or pH testing in spite of maximum medical
therapy. There are multiple potential reasons for PPI failure, in-
cluding noncompliance, inappropriate dosing or timing of PPI
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ABSTRACT

Background and study aims Symptomatic gastroesoph-

ageal reflux is a recognized potential adverse event follow-

ing peroral endoscopic myotomy (POEM). Proton pump in-

hibitors (PPIs) are an effective first-line therapy; although

their efficacy can be affected by genotype cytochrome

P450 2C19 (CYP2C19) variability leading to enhanced clear-

ance of PPIs. The aim of our study was to evaluate the inci-

dence of CYP2C19 genotype variability in POEM patients

with refractory gastroesophageal reflux symptoms.

Patients and methods This was a single-center, prospec-

tive, cohort study of consecutive POEM cases during a 7-

year study period (2013–2020). Reflux symptoms were as-

sessed with the validated gastroesophageal reflux disease

questionnaire (GerdQ) and objective pH testing after

POEM. CYP2C19 genotype testing was obtained in all pa-

tients with refractory gastroesophageal reflux disease

(GERD) symptoms, defined as an abnormal pH study and

GerdQ score ≥8 while on PPIs twice daily.

Results POEM was performed in 325 consecutive patients

(48.3% female; mean age 57 years) during the study period.

Twenty patients (6.8%) had PPI-refractory, post-POEM gas-

troesophageal reflux based on their GerdQ score (median 9,

range 8–11) and abnormal pH studies. CYP2C19 genotype

testing identified 55% (11/20) of these patients as being ra-

pid metabolizers. Out of these, 9 (82%) had improvement in

clinical GERD symptoms after changing to a PPI less affec-

ted by CYP2C19 pharmacogenetics.

Conclusions Post-POEM, PPI-refractory GERD is rare. As

shown in this study, rapid metabolizers commonly respond

by changing to a PPI less affected by CYP2C19 pharmacoge-

netics, thereby reducing the risk of long-term consequen-

ces from GERD and unnecessary anti-reflux surgery.
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administration, large volume non-acidic reflux, and esophageal
hypersensitivity to physiologic reflux [4]. From a pharmacoge-
netic standpoint, PPI-induced acid suppression is closely relat-
ed to their enzymatic clearance in the liver by cytochrome
P450 2C19 (CYP2C19). Hence, variations in CYP2C19 activity
have been shown to modulate medication efficacy [5]. Indeed,
CYP2C19 genetic variability is the most important and well-re-
cognized pharmacogenetic factor affecting response to PPIs
[6]. Increases in function polymorphisms in CYP2C19 alleles
may be associated with enhanced clearance of PPIs, which can
lead to suboptimal intragastric pH and diminished control of
GERD-like symptoms [7]. Prevalence of increased function
polymorphisms is relatively common, occurring in up to 35%
in patients with either African or European ancestry [6]. Still,
the incidence and significance of CYP2C19 variability in post-
POEM patients with poorly controlled GERD symptoms have
not been well characterized. Herein, the aim of our study was
to evaluate the prevalence of CYP2C19 genotype variability in
patients with refractory GERD symptoms after POEM.

Patients and methods
This was a single-center prospective cohort study that was ap-
proved by the Institutional Review Board at the University of
Florida (trial number: NCT01832779). The study period was
from March 2013 to February 2020. The POEM procedure was
performed as previously described [1]. A descriptive summary
of collected data was compiled for analysis using either mean
and standard deviation or median and interquartile range
(IQR).

Patients were classified according to the Chicago Classifica-
tion of esophageal motility disorders [8]. Data collection in-
cluded demographics, type of esophageal motility disorder,
duration of symptoms, procedural parameters, Eckardt score
and gastroesophageal reflux symptoms based on the validated
GERD questionnaire (GerdQ) [9] (▶Supplemental Table 1).
Clinical success was determined by a post-POEM Eckardt score
≤3.

Following POEM, all patients were routinely placed on PPI
daily until their initial clinic follow-up scheduled at 1 to 3
months post-procedure. PPI was discontinued in asymptomatic
patients whereas continued at the twice daily dose in those
with persistent GERD symptoms. All patients were subsequent-
ly scheduled to undergo objective testing with pH impedance
study (performed while off PPI) at their 6-month follow-up.

Patients with refractory post-POEM GERD, defined by GerdQ
score ≥8 while on PPI twice daily and abnormal pH study,
underwent endoscopy and testing for polymorphisms in
CYP2C19.

The phenotypic status of CYP2C19 was classified according
to the Clinical Pharmacogenomics Consortium Guidelines [10],
and classified into three categories (▶Table 1): Normal meta-
bolizers were homozygous for wild type allele CYP2C19*1; in-
termediate low metabolizers were heterozygous for genotype
CYP2C19*2 and rapid metabolizers were homozygous for
CYP2C19*17 or heterozygous with wild type allele (*1/*17).

Results
POEM was successfully performed in 325 consecutive patients
(48.3% female; mean age 57 years) during the study period. A
total of 293 of 325 patients had at least 1 month clinical follow
up. Clinical success (Eckardt score ≤3) was achieved in 97% of
the cases (284/293).

Of the 293 patients, 170 (58%) remained on either once- or
twice-daily PPIs at a median follow-up of 6 months (IQR 1–14)
after their procedure. Their overall mean GerdQ score was 7.8 ±
2.6. Post-POEM pH testing was obtained in 125 of these pa-
tients, of which 88 (70%) had an abnormal total acid exposure
time greater than 4%.

Twenty patients (20/293; 6.8%), on PPI twice daily, had re-
fractory post-POEM GERD symptoms, based on their GerdQ
scores > 8 (median 9, range 8–11) and abnormal pH study. Pa-
tient and procedural characteristics for this cohort are summar-
ized in ▶Table2. Endoscopy, which was performed in 17 of
these 20 patients, demonstrated erosive esophagitis in 58.8%
(10/17). CYP2C19 genotype testing in all 20 patients identified
11 (55%) rapid metabolizers, six (30%) intermediate low meta-
bolizers, and three (15%) normal metabolizers. Most of these
patients (13/20; 65%) achieved adequate control of their
GERD symptoms either by increasing the total daily dosage of
their current PPI or by changing to another PPI less affected by
CYP2C19 pharmacokinetics (i. e. rabeprazole or esomeprazole)
(▶Table3). Seven patients (2 CYP2C19 rapid metabolizers and
5 intermediate or normal metabolizers) underwent laparo-
scopic fundoplication for symptomatic management. Of these,
four patients reported improvement after their surgery (▶Ta-
ble3).

▶Table 1 Assignment of CYP2C19 phenotype based on genotype.

CYP2C19 phenotype CYP2C19 genotype

Reduced CYP2C19 activity Intermediate/poor metabolizer
Expected to respond well to standard dose of a PPI

*1/*2, *2/*17, *4/*17

Typical CYP2C19 activity Normal metabolizer
Expected to respond to a standard dose of a PPI

*1/*1

Increased CYP2C19 activity Rapid Metabolizer
Less likely to respond to a standard dose of a PPI

*17/*17, *1/*17
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Discussion
PPI is the first-line treatment for patients with post-POEM
GERd. In this study, we demonstrate that PPI refractory post-
POEM GERD was uncommon (6.8%). Importantly, more than
half of these patients were identified to carry the CYP2C19 ra-
pid metabolizer genotype.

PPIs are metabolized by the liver enzyme CYP2C19. It is well
known that the pharmacokinetics and pharmacodynamics of
PPIs differ based on CYP2C19 genotypes. In this study, we dem-
onstrated that the more than half of the patients with PPI re-
fractory post-POEM GERD were CYP2C19 rapid metabolizers.
Our data is consistent with prior studies identifying CYP2C19
rapid metabolizer genotype as a risk factor for being refractory
to PPI therapy [11]. Indeed, in a recent meta-analysis of 15
studies, Ichikawa et al. demonstrated that rapid metabolizers
were associated with a higher risk of being refractory to PPI
therapy (odds ratio 1.66; 95% confidence interval: 1.02–2.66;

P=0.04) among patients with known reflux esophagitis [12].
Hence, establishing CYP2C19 genotype in patients on PPI ther-
apy, particularly in those with refractory symptoms, can trigger
meaningful clinical decisions. In this study, we demonstrated
that most CYP2C19 rapid metabolizers with refractory post
POEM GERD symptoms responded by switching them to a PPI
less influenced by CYP2C19 polymorphisms (i. e. esomeprazole
or rabeprazole) [6]. This is an example of how personalizing PPI
regimens based on CYP2C19 genotype can be considered as a
potential strategy before considering surgical referral for anti-
reflux therapy.

Our study is not without limitations. CYP2C19 genotype
testing was not obtained in all patients prior to POEM, therefore
negating the true prevalence of CYP2C19 genotype variability.
Nevertheless, this is the first series to report frequency of
CYP2C19 genotype variability in patients with refractory GERD
symptoms following POEM; thereby providing evidence sup-
porting the role of CYP2C19 status-tailored PPI therapy. Sec-
ond, we recognize that the resolution of gastroesophageal re-
flux symptoms following CYP2C19 genotype testing and treat-
ment was heavily reliant on symptom scores. While the GerdQ
scoring system is a validated assessment tool used to assess the
presence of GERD, it may lack sensitivity when used as a stand-
alone measure. As previously reported by Jones et al. [13],
GERD symptoms correlate poorly with objective pH testing
after POEM – further highlighting that subjective symptoms
alone may be inadequate when evaluating for post-POEM
GERD. Furthermore, we acknowledge that uncontrolled acid re-
flux is only part of the spectrum of etiologies in post-POEM pa-
tients with GERD symptoms. Other potential causes, including
regurgitation in the setting of persistent esophageal dysmotili-
ty and acidification of luminal contents due to esophageal sta-
sis were not investigated in this study.

Conclusions
In summary, our results suggest that post-POEM PPI-refractory
GERD is relatively rare and frequently related to CYP2C19 gen-
otype variability affecting PPI pharmacokinetics. Importantly,
patients who were identified to be CYP2C19-genotype rapid
metabolizers were successfully managed by changing to a PPI
less affected by the CYP2C19 pathway, potentially preventing
long-term consequences from GERD and avoidance of antire-
flux surgery. Our findings support the need for further prospec-
tive studies and raises the important question about the need
for CYP2C19 genotype testing prior to POEM in all patients as
it may affect the management strategy prior to intervention.
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▶Table 2 Procedural and demographic characteristics of patients
with refractory post-POEM GERD symptoms in spite of being on PPI
twice daily (n = 20).

Pre-POEM Post-POEM

Age, mean ± SD 54.9 ± 15.4

Sex; n (%)

▪ Male 6 (30)

▪ Female 14 (70)

Type of esophageal motility disorder, n (%)

▪ Type 1 2 (10)

▪ Type 2 11 (55)

▪ Type 3 2 (10)

▪ Jackhammer esophagus 4 (20)

▪ Esophagogastric outlet obstruc-
tion

1 (5)

Abnormal GerdQ score≥8, n (%) 10 (50)

POEM myotomy length (cm), mean ± SD

▪ Esophageal 11.1 ± 1.6

▪ Gastric 3 ± 1.9

▪ Total 13.9 ± 1.7

Abnormal time pH<4 on 24-hour pH
monitoring, n/N (%)

18/20 (90)

Total (%) lower esophageal acid expo-
sure time, mean ± SD

32.4 ± 15.4

Abnormal total reflux episodes, n/N
(%)

8/20 (40)

Positive reflux-symptom association,
n/N

0

Evidence of esophagitis, n/N (%) 10/17 (58.9)

POEM, per-oral endoscopic myotomy.
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▶Table 3 Patient and clinical outcomes following CYP2C19 testing.

Patient CYP2C19 genotype CYP2C19 predicted phenotype Medical therapy Outcome

 1 *1/*17 Rapid Rabeprazole 20mg, TID Improvement of clinical symptoms

 2 *1/*17 Rapid Rabeprazole 20mg, TID Improvement of clinical symptoms

 3 *1/*17 Rapid Rabeprazole 20mg, TID Improvement of clinical symptoms

 4 *1/*17 Rapid Rabeprazole 20mg, TID Improvement of clinical symptoms

 5 *1/*17 Rapid Rabeprazole 20mg, TID Improvement of clinical symptoms

 6 *1/*17 Rapid Rabeprazole 20mg, TID Improvement of clinical symptoms

7  *1/*17 Rapid Rabeprazole 20mg, QID Pending Follow-up

 8 *1/*17 Rapid Dexlansoprazole, 60mg BID Persistent symptoms, fundoplication

 9 *17/*17 Rapid Esomeprazole, 80mg TID Improvement of clinical symptoms

10 *17/*17 Rapid Rabeprazole 20mg, TID Improvement of clinical symptoms

11 *17/*17 Rapid Pantoprazole, 80mg TID Persistent symptoms, fundoplication

12 *2/*17 Intermediate Dexlansoprazole, 60mg Improvement of clinical symptoms

13 *2/*17 Intermediate Dexlansoprazole, 60mg Improvement of clinical symptoms

14 *2/*17 Intermediate Esomeprazole 40mg BID Persistent symptoms, fundoplication

15 *4/*17* Intermediate Rabeprazole 20mg TID Pending Follow-up

16 *4/*17* Intermediate Pantoprazole 80mg TID Pending Follow-up

17 *1/*2 Intermediate Pantoprazole, 40mg BID Persistent symptoms, fundoplication

18 *1/*1 Normal Pantoprazole, 40mg BID Persistent symptoms, fundoplication

19 *1/*1 Normal Pantoprazole, 40mg BID Persistent symptoms, fundoplication

20 *1/*1 Normal Pantoprazole, 40mg BID Persistent symptoms, fundoplication
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▶ Supplemental Table 1 GerdQ questionnaire [9].

Question 0 day 1 day 2–3 days 4–7 days

How often did you have a burning feeling behind your breastbone (heartburn)? 0 1 2 3

How often did you have stomach contents (liquid or food) moving upwards to your throat or mouth
(regurgitation)?

0 1 2 3

How often did you have a pain in the centre of the upper stomach? 3 2 1 0

How often did you have nausea? 3 2 1 0

How often did you have difficulty getting a good night’s sleep because of your heartburn and ⁄ or
regurgitation?

0 1 2 3

How often did you take additional medication for your heartburn and ⁄ or regurgitation, other than
what the physician told you to take? (such as Tums, Rolaids, Maalox?)

0 1 2 3

Note: Respondents enter the frequency scores after reflecting on their symptoms over the previous week.
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