
Introduction
Per-oral endoscopic myotomy (POEM) is an established endo-
scopic technique for treatment of achalasia and other selected
esophageal motility disorders [1–3], with recent high-quality

studies supporting its efficacy and safety when performed by
expert endoscopists [4, 5]. In spite of the increasing adoption
of this technique worldwide, data on training for POEM remain
relatively scarce. Importantly, the literature on training for
POEM is conflicting, with a wide discrepancy in the learning
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ABSTRACT

Background and study aims Gastroenterology societies

have recently proposed core curricula for training in per-

oral endoscopic myotomy (POEM) based on expert opinion

with limited data on its applicability for advanced endos-

copy fellowship (AEF) trainees. We prospectively evaluated

the feasibility of a structured POEM training curriculum dur-

ing a dedicated AEF and the trainee’s performance during

independent practice.

Methods This was a single-center prospective study evalu-

ating a trainee’s performance of POEM using a structured

assessment tool (POEMAT) to assess core cognitive and

technical skills. The trainee’s performance was then pro-

spectively assessed during the first 12 months of indepen-

dent practice.

Results The trainee, who had not prior background in sub-

mucosal endoscopy, first observed 22 POEM cases followed

by 35 hands-on procedures during his advanced endoscopy

fellowship. Based on the POEMAT, submucosal entry and

mucosal incision closure were the most challenging techni-

cal aspects, while cognitive skills were uniformly attained

early in training. Overall, the trainee was able to cross the

threshold for competence in his POEMAT performance

score in 15 of his last 18 cases (83.3%). The trainee per-

formed 16 POEMs (baseline mean Eckardt 7.2) in his first

12 months of independent practice. Mean procedural time

was 79.8 minutes (interquartile range: 67–94 minutes min-

utes) with no adverse events. Clinical success (Eckardt

score <3) was achieved in 100% of the cases at a median fol-

low-up of 20 weeks.

Conclusions Results from this pilot study support the

adoptability of the recently proposed core curricula for

POEM training within the context of a dedicated AEF and

provide a potential blueprint for future studies of perform-

ance in POEM among trainees.Supplementary material is available under
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curve plateau reported, ranging anywhere from seven to up-
wards of 100 cases, as recently reported by Liu et al [6–11].
This substantial variability is partly due to differences in study
design, with many of these reporting data from animal models
or retrospective analysis of single-center experiences, rather
than studies designed with the main intent of assessing training
and competency in POEM. More recently, Schlachterman et al
reported results of a pilot study specifically aimed at develop-
ing a POEM training and skills evaluation tool [12]. Although
this small study was limited by only three trainees and the inclu-
sion of both animal explant (n =8) and human cases (n=10), it
provided a potential blueprint for integration of a tool for POEM
training assessment.

Many advanced endoscopy fellows are seeking additional
training in procedures such as POEM. Nonetheless, it should
come to no surprise that comprehensive training in POEM
within the constraints of a standard 12-month advanced endos-
copy fellowship can be challenging, particularly when most of
the fellows have limited experience with submucosal endos-
copy [13]. Indeed, while many programs may offer exposure to
POEM, most trainees are not ready for independent practice
and end up pursuing additional training opportunities in POEM
on completion of their advanced endoscopy fellowship [14].

The American Society of Gastrointestinal Endoscopy (ASGE)
recently introduced a core curriculum for POEM with the goal of
highlighting core concepts and skills required for the safe and
effective performance of the procedure [15]. The recommen-
dations outlined in this document are primarily based on expert
opinion and it remains unclear whether they can be adopted
within the context of an advanced endoscopy fellowship. The
aims of this prospective pilot study were to evaluate the feasi-
bility of a structured POEM training curriculum during an ad-
vanced endoscopy fellowship, assess hands-on competence
using an assessment tool, and evaluate one trainee’s perform-
ance at the onset of independent practice.

Methods
Study subject

This was a prospective, pilot, single-center study conducted at
the University of Florida. The advanced endoscopy trainee was
enrolled in this study from July 2018 to December 2019. The
trainee had completed a standard Accreditation Council for
Graduate Medical Education (ACGME) accredited 3-year gastro-
enterology fellowship in the United States prior to his advanced
endoscopy fellowship. Informed consent was obtained from the
participating trainee. The study was approved by the Institu-
tional Review Board at the University of Florida.

Advanced endoscopy fellow training background

A baseline survey questionnaire (Supplement 1) was given to
the trainee to assess his exposure to submucosal endoscopy (i.
e. POEM and endoscopic submucosal dissection [ESD]) prior to
the start of his advanced endoscopy fellowship.

POEM training curriculum

POEM is a complex procedure that requires multiple cognitive
and technical skills to achieve competence. According to the
ASGE guidelines on novel endoscopic techniques, given its
high level of complexity, POEM is considered a “major skill”
warranting formal training under the supervision of a precep-
tor(s) [16]. In recognition of these recommendations, the ad-
vanced endoscopy fellowship program at the University of Flor-
ida adopted an 18-month duration training model, with the
goal of providing comprehensive preceptorship for training in
POEM while still meeting the standards for training in endo-
scopic ultrasound (EUS) and endoscopic retrograde cholangio-
pancreatography (ERCP) during an advanced endoscopy fellow-
ship [17].

The structure of our POEM training curriculum was based on
the recently proposed ASGE core curriculum for POEM training
[15], models for training in new technologies in submucosal
endoscopy [18–20], the ASGE preservation and incorporation
of valuable endoscopic innovations (PIVI) position statement
on POEM, the European Society of Gastrointestinal Endoscopy
(ESGE) ESD curriculum, and on the Japan Gastroenterological
Endoscopy Society (JGES) clinical practice guidelines on train-
ing and teaching for POEM [21–23].

Our proposed POEM training curriculum is depicted in

▶Fig. 1. The training period was divided into three phases. Dur-
ing phase 1, the fellow’s training revolved around formalized di-
dactic education. The trainee was provided with resources (i. e.
dedicated book with videos on submucosal endoscopy) to gain
knowledge regarding the aims, indications and results of the
procedure [24]. Further knowledge on the basic strategy, use
of tools, and technique was achieved through attendance at
ESD/POEM courses and observation of the procedure being
performed by two endoscopists (PVD and DY). During phase 2,
training in POEM involved hands-on participation on animal
models with direct supervision. The trainee was expected to
have observed at least 20 cases by experts and completed at
least five POEMs in animal models before performing selected
portions of POEM in human cases under supervision in the lat-
ter portion of phase 2. These thresholds were based on the sug-
gested ESGE training curriculum for submucosal endoscopy
and prior studies using animal models for POEM training [22,
25, 26]. In phase 3, POEM cases were partially or completely
performed by the trainee under direct supervision [15]. The
POEM curriculum was designed so that the fellow would simul-
taneously obtain comprehensive training in other advanced
endoscopic procedures, including ERCP and EUS, during his
18-month fellowship.

POEM structured assessment tool (POEMAT)

The POEM assessment tool (POEMAT) was designed by both
consensus opinion and review of the existing literature by ex-
pert endoscopists in POEM (DY, PVD, HA, MAK). The aim of
this tool was to include markers of competence for core skills
necessary to perform high-quality POEM as outlined by the
ASGE core curriculum on POEM, ASGE PIVI on POEM, and the
JGES clinical practice guidelines [15, 21, 23].
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The POEMAT was used by the supervising endoscopist to
grade the trainee’s performance on all consecutive hands-on
POEM procedures after the first 17 cases (phase 3). This thresh-
old was arbitrarily set based on previous studies suggesting
that the learning curve plateaus after 13 to 25 procedures [6,
8–10]. The supervising endoscopist (PVD) is considered an ex-
pert in POEM, having performed over 300 procedures inde-
pendently while meeting performance criteria as outlined by
both the ASGE and JGES [21, 23].

The POEMATwas designed to include key cognitive and tech-
nical steps as outlined by the ASGE core curriculum [15] (Sup-
plement 2): identification of important anatomical landmarks
during the procedure, creation of a submucosal bleb followed
by mucosal incision and submucosal entry, submucosal tunnel-
ing, esophagogastric myotomy, mucosal incision closure, pro-
phylactic hemostasis, and management of adverse events
(AEs). Indication for POEM, disease severity based on the Eck-
ardt score [21], duration of symptoms and prior interventions
were also recorded in each POEMAT. Procedural degree of diffi-
culty and other technical parameters, including procedure
time, were also documented. Procedural difficulty was assessed
using a POEM difficulty score as previously proposed by Bechara
et al [27]. This scoring system consists of five variables: fibrosis,
oozing, orientation, distention of tunnel and spastic contrac-
tions. Each variable is arbitrarily weighted equally and assigned
values ranging from 0 to 2 (the higher numeric score cor-
responding to increasing difficulty).

A four-point scoring system was developed to grade each
skill, based on the format of previously validated endoscopy as-
sessment tools [28–30]: 4 (superior), achieves task without in-
struction; 3 (advanced), achieves minimal verbal cues; 2 (inter-
mediate), achieves with multiple verbal cues or hands-on
assistance; 1 (novice), unable to complete and requires trainer

to take over. In addition, a 10-point overall assessment score
(1–3, novice; 4–6, intermediate; 7–9, advanced; 10, superior)
was provided by the supervising endoscopist on each case as
previously described [28]. Overall, if a trainee was unable to
meet the standard for a specific skill (i. e. achieve with minimal
verbal cues), the supervising endoscopist would first approach
it by providing additional verbal cues and/or minimal hands-on
assistance. If these remedial measures failed, then the supervis-
ing endoscopist would take over that specific task.

POEM procedure

All POEM procedures performed in this study were part of the
routine clinical care provided at our institution. The POEM tech-
niques utilized and the degree of the trainee’s hands-on parti-
cipation in each individual POEM step was at the discretion of
the supervising endoscopist. AEs were categorized according
to ASGE consensus criteria [31]. Minimal bleeding during sub-
mucosal dissection and myotomy with adequate intraprocedur-
al hemostasis are expected during the POEM procedure and
were not considered an intraprocedural AE. Full-thickness mu-
cosal injury during POEM was considered an intraprocedural
AE even if this was adequately managed endoscopically.

Post-training self-assessment

At the conclusion of his training period, the advanced endos-
copy fellow completed a questionnaire (Supplement 3) that as-
sessed his level of comfort (using a 5-point Likert scale) with
performing different key cognitive and technical POEM skills
and his readiness for independent practice.

Formal didactic training
1. self-directed learning 
 (i. e. books, videos)
2. submucosal endoscopy 
 course attendance
3. observation of live 
 cases performed by 
 expert endoscopist 
 (recommend at least 
 20)

Phase 1

Phase 2

Phase 3Hands-on training
1. training on animal 
 models with super-
 vision by expert 
 endoscopists
2. complete at least 5 
 POEM procedures in 
 animal models
3. initiate limited 
 hands-on training on 
 portions of the POEM 
 procedure under direct 
 endoscopic supervision

Live cases with 
proctorship
1. completion o entire or 
 significant portions of 
 POEM procedure under 
 direct supervision
2. limited assistance from 
 supervising endosco-
 pist
3. formal standardized 
 assessment

Independent practice

▶ Fig. 1 Proposed structured POEM training curriculum.
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Performance and competence in POEM during
independent practice

Following completion of his 18-month training, the trainee
tracked his performance on every POEM completed during the
first 12 months of independent practice as faculty at Baylor Col-
lege of Medicine. Data included patient baseline demographics,
indication for the procedure, history of prior interventions,
duration of symptoms, baseline Eckardt score, procedure time,
and AEs. Technical success was defined as completion of the
POEM procedure. Clinical success was defined as an Eckardt
score of≤3 following the procedure.

Study outcomes and definitions

The primary study outcome was to evaluate the adequacy of a
structured POEM training curriculum during advanced endos-
copy fellowship. Adequate training was determined by formal
competence assessment using the POEMAT during hands-on
training and by the trainee’s performance in independent prac-
tice.

For the POEMAT, a grading system was used to assess the in-
dividual skills and overall performance. For the individual skills,
a rating of≥3 was considered a success (minimally required nu-
meric score for competence) and a rating <3 was considered a
failure. For the overall performance, a rating≥7 was the mini-
mal score required for competence. The POEM training curricu-
lum was considered adequate if the trainee met the threshold
of competence in his overall performance in≥80% of the
hands-on cases performed by the trainee in phase 3.

Competence in the performance of POEM in independent
practice was achieved if the trainee met the following threshold
criteria as established by the ASGE PIVI on POEM: 80% or great-
er efficacy (defined as an Eckardt score of≤3) on follow-up and
6% or lower serious AE rate and 0.1% or lower mortality rate
within 30 days after the procedure [21]. Secondary outcomes
were to evaluate competence in individual cognitive and tech-
nical core skills in POEM based on the POEMAT during phase 3
of training and examine the trainee’s perceptions about his
readiness for independent practice following fellowship.

Statistical analysis

Results are reported as mean ± standard deviation (SD) or as
median with range for quantitative variables and as percenta-
ges for categorical variables. When indicated, continuous vari-
ables were compared with two-sample Student t tests or Mann-
Whitney U tests, and categorical variables with chi-squared or
Fisher’s exact tests. Statistical significance was based on two-
sided design-based tests evaluated at α=0.05. Statistical analy-
sis was performed with IBM SPSS Statistics, version 21 (IBM Cor-
poration, Armonk, New York, United States).

Results
Trainee background in submucosal endoscopy

On the survey questionnaire, the trainee reported no prior
training in submucosal endoscopy at the start of his advanced
endoscopy fellowship. He did not undergo formal training on

cognitive aspects (i. e. indications/contraindications, benefits,
risks, limitations of the procedure, components of pre-endo-
scopic evaluation and post-procedural care) on POEM. The trai-
nee did not observe any live procedures by experts or partici-
pate in any hands-on training on animal models or human cases
prior to this study.

POEM procedure characteristics

The trainee observed 22 POEM procedures (phase 1) and un-
derwent hands-on training with an additional 35 POEM cases
(17 in phase 2 and 18 in phase 3) during his advanced endos-
copy fellowship from July 2018 to December 2019. The baseline
characteristics of all hands-on POEM cases performed by the
trainee are shown in ▶Table1. The most common indication
for POEM was achalasia type II (19; 54.2%) and the mean base-
line Eckardt score of these patients was 7.1 (interquartile
range: 5.5–9). Many patients had some type of intervention
prior to POEM (16; 45.7%): 10 patients had botulinum toxin in-
jection (28.6%), one patient had pneumatic balloon dilation
(2.9%), whereas no patients had prior surgical myotomy or
POEM. All patients were admitted overnight for observation as
part of our institution’s protocol on POEM [32, 33]. There were
no intraprocedural or delayed AEs encountered.

POEM training curriculum
Phase 1: Didactics and observation of cases

During phase 1, training revolved around gaining knowledge
regarding the aims, indications, basic strategies, devices and
accessories as recommended by the ASGE core curriculum for
POEM. This was achieved through self-directed learning using
various resources, including dedicated books on submucosal
endoscopy [24] and ASGE technological reviews (with video)
on POEM [34] (▶Fig. 2). As part of his structured POEM training
curriculum, the fellow attended three dedicated courses on
submucosal endoscopy during his advanced endoscopy fellow-
ship: the ASGE-JGES Masters Course in ESD/POEM (https://
learn.asge.org), an industry-sponsored course (Olympus Amer-
ica) on submucosal endoscopy, and the innovations in ESD/
POEM workshop held by the University of Florida (https://cme.
ufl.edu/advanced-endoscopy-conference-and-workshop). As
opposed to introductory (level-1) courses, these three courses
are regarded as level-2 courses, characterized by in-depth di-
dactic lectures and intensive hands-on training over the period
of several days [35]. In addition to these courses, the trainee
observed a total of 22 POEM cases performed by two endos-
copists at the University of Florida (PVD and DY) during phase I
of his training (▶Fig. 2).

Phase 2: Training on animal models and limited hands-on
human cases

Phase 2 of his structured POEM training curriculum focused on
intensive hands-on experience. During this period, the trainee
performed a total of 7 POEMs, all on live animal models. Five
of these were performed with expert faculty at the live endos-
copy courses. Two POEM procedures were performed on live
animal models at a dedicated hands-on laboratory designed as
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part of our curriculum, with the goal of providing in-depth de-
monstration of the technique and dedicated 1:1 supervision
(PVD and DY). In addition to hands-on training on animal mod-
els during phase 2, the fellow also participated in 17 hands-on
human POEM cases (▶Fig. 2). During these cases, the trainee
performed portions of the different components of the POEM
procedure (i. e. mucosal incision and entry, submucosal tunnel-
ing, myotomy, and mucosal closure).

Phase 3: Competence assessment in POEM using the
assessment tool (POEMAT)

The POEMAT was used to grade each POEM procedure per-
formed by the fellow in phase 3 of his training (case 18 to 35)
(▶Fig. 2). Data on the trainee’s competence assessment for
various individual cognitive and technical endpoints are sum-
marized in ▶Table2. From a procedural standpoint, only four
of 18 cases had a POEM procedural difficulty above 1. Three
cases received a difficulty score of 1 due to: mild to moderate
submucosal fibrosis (case #25), moderate oozing (case #26),
and spastic contractions during tunneling (case #35), respec-
tively. Unlike most of the other cases, case #21 was graded as
very challenging (score of 5) due to a sigmoid esophagus, se-
vere fibrosis, difficult orientation during tunneling, and poor
distention in spite of continuous insufflation.

In general, competence (score≥3) was attained in 94.4% of
the cases (17/18) for all cognitive core skills for POEM. From a
technical standpoint, the proportion of cases in which the trai-
nee crossed the threshold for competence varied based on the
individual task: 100% (18/18) for submucosal bleb formation,

77.7% (14/18) for mucosal incision/submucosal entry, 85.7%
(12/14) for submucosal tunneling, 100% (7 /7) for myotomy
and 72.7% (8/11) for mucosal incision closure. The trainee
achieved competence in 100% of the cases in which prophylac-
tic hemostasis (13 /13) or management of bleeding (6/6) were
performed. The trainee achieved competence in their overall
performance score in 83.3% (15/18) of the cases during
phase 3.

Training in other advanced endoscopic procedures
during fellowship

In addition to POEM, the trainee also completed his training in
other advanced endoscopic procedures. This included hands-
on training in 428 ERCP and 320 EUS procedures. The trainee
was able to successfully complete all consecutive ERCPs and
EUS over the last 6 months of his fellowship without hands-on
assistance and with minimal supervision.

Trainee self-assessment on training in POEM

The trainee completed a post-POEM training self-assessment
questionnaire (Supplement 3). Overall, the trainee either
strongly agreed or tended to agree on feeling comfortable
with recognizing the indications and contraindications for
POEM and in performing all the individual cognitive and techni-
cal core skills related POEM. The trainee tended to agree about
feeling comfortable in performing POEM in independent prac-
tice upon completion of the POEM training curriculum.

▶Table 1 Characteristics of POEM procedures with trainee hands-on
participation (N=36).

Indication for POEM; n (%)

Achalasia

▪ Type I 3 (8.6 %)

▪ Type II 19 (54.2%)

▪ Type III 7 (20%)

Jackhammer esophagus 3 (8.6 %)

Esophagogastric outlet obstruction 3 (8.6 %)

Mean baseline Eckardt score (range) 7.1 (5.5–9)

Interventions prior to POEM; n (%)

▪ None 16 (45.7%)

▪ Balloon dilation < 30mm 11 (31.4%)

▪ Botulinum toxin injection 10 (28.6%)

▪ Pneumatic balloon dilation 1 (2.9 %)

▪ Surgical myotomy 0

▪ POEM 0

Post-POEM adverse events; n (%) 0

POEM, per-oral endoscopic myotomy.

▪ Self-didactic learning using books/videos on 
 submucosal endoscopy
▪ attended: ASGE-JGES masters ESD/POEM course, 
 industry sponsored ESD/POEM course and 
 ESD/POEM course by the University of Florida
▪ observed 22 POEM cases performed by two 
 experts at the University of Florida

Ph
as

e 
1

▪ Performed 7 POEM cases on live animal models 
 under direct supervision
▪ hands-on participation in 17 human POEM cases 
 under direct supervisionPh

as
e 

2

▪ Performance of POEM with proctorship with 
 limited hands-on assistance by supervising 
 endoscopist(s)
▪ formal assessment using POEM-STAT on cases 
 18 to 35

Ph
as

e 
3

▶ Fig. 2 Trainee completion of the proposed structured POEM
training curriculum during the dedicated advanced endoscopy
fellowship.
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Competence in performing POEM during
independent practice

From March 2020 to March 2021, the trainee independently
completed 16 POEM procedures as faculty at Baylor College of
Medicine. Patient and procedural characteristics are summar-
ized in ▶Table 3. Patient mean age was 43 years (IQR:27.7–
54.5) with a mean baseline Eckardt score of 7.2 (IQR:5.5–8.8).
Most patients had achalasia type II (13 /16; 81.3%) based on
pre-procedural high-resolution manometry. Prior interventions
included non-pneumatic balloon dilation and botulinum toxin
injections in five (31.3%) and four patients (25%), respectively.
One patient had a previous Heller’s myotomy. In all, technical
success, defined as successful completion of POEM as intended,
was achieved in all cases (16 /16; 100%). The mean lengths of
the esophageal and gastric myotomies were 9.2 cm (IQR: 8–
10) and 2.3 cm (IQR: 2–3), respectively. Mean total procedure
time was 79.8 minutes (IQR: 67–94min). There were no im-
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▶Table 3 Patient and POEM characteristics performed by trainee
during independent practice (n =16).

Mean age; (interquartile range) 43 (27.7–54.5)

Indication for POEM; n (%)

Achalasia

▪ Type I 0

▪ Type II 13 (81.3%)

▪ Type III 0

Spastic esophageal dysmotility 1 (6.2%)

Esophagogastric outlet obstruction 2 (12.5%)

Mean baseline Eckardt score (interquartile range) 7.2 (5.5–8.8)

Interventions prior to POEM; n (%)

▪ None

▪ Balloon dilation < 30mm 5 (31.3%)

▪ Botulinum toxin injection 4 (25%)

▪ Pneumatic balloon dilation 0

▪ Surgical myotomy 1(6.3%)

▪ POEM 0

POEM technical success; n (%) 16 (100%)

Mean length of POEM myotomy, cm (interquartile range)

▪ Esophageal 9.2 (8–10)

▪ Gastric 2.3 (2–3)

Total procedure time; mean (interquartile range)
minutes

79.8 (67–94)

Adverse events; n (%) 0

Mean post-POEM Eckardt score (interquartile
range)

0.2 (0–0.25)

POEM, per-oral endoscopic myotomy.
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mediate or delayed post-procedural AEs. Clinical success (Eck-
ardt score <3), was achieved in all patients (16 /16; 100%) at a
median follow-up of 20 weeks (range 8–48 weeks), with a sig-
nificant decrease in their mean Eckardt score (0.3; IQR: 0–0.25)
(P <0.0001) when compared to baseline.

Discussion
The ASGE recently introduced a core curriculum highlighting
core concepts and skills required for the performance of POEM
[16]. However, many of these recommendations are based on
expert opinion and data on hands-on training for POEM, parti-
cularly within the context of an advanced endoscopy fellowship
(AEF), is limited. In this pilot study, we applied a structured
POEM training curriculum during a dedicated AEF and prospec-
tively evaluated a trainee’s performance using an assessment
tool (POEMAT). Results from this study demonstrated that a
trainee with no prior experience in submucosal endoscopy was
able to achieve competence on key cognitive and technical as-
pects of POEM while still meeting the recommended standards
in ERCP and EUS training. Importantly, by the end of the study,
the trainee was able to demonstrate competence in perform-
ance of POEM during the initial phase of independent practice
without requiring additional post-fellowship dedicated training
in POEM.

In Japan and other East Asian countries, training in submuco-
sal endoscopy, including POEM and ESD, follows a traditional
master-apprentice model [19, 35]. While this master-appren-
tice model has been very successful in Asia, it is not directly
translatable to training during a standard AEF. For one, unlike
our Asian counterparts who spend years training in a specific
technique, most advanced endoscopy trainees in the United
States also expect to be fully trained in ERCP and EUS at the
completion of their fellowship. In recognition of these challen-
ges, we developed an AEF with a dedicated POEM training cur-
riculum based on the format suggested by GI societies recom-
mendations [15, 23]. The structured POEM training curriculum
introduced in this study adapted the stepwise approach to skill
acquisition as followed in the master-apprentice model, yet we
introduced other complementary pathways that facilitated
comprehensive training in a practical and effective manner.
Dedicated endoscopy courses have been a source for additional
endoscopic education [18, 19, 35]. As part of the POEM training
curriculum in this study, the trainee participated in 3 compre-
hensive courses in submucosal endoscopy during the initial
phases of his training. These courses supplemented his self-
study with formalized didactic education, observation of live
cases by experts and supervised hands-on training in animal
models. Given the training time constraints and relatively lim-
ited volume of cases that may be encountered during an AEF,
these courses are a crucial resource for additional in-depth
training. Indeed, a prior study by our group demonstrated that
attendance of a dedicated ESD training course notably in-
creased the adoption of the technique by the participants in
their practice [14]. More data are needed to formally evaluate
the effectiveness of these type of endoscopic courses during
fellowship training.

Most of the current data on learning curves for POEM have
used procedure time as a measure of performance [6–10].
However, procedure time is not the ideal surrogate for compe-
tence, as this can vary significantly with various patient and
procedural factors. With the increasing focus on outcomes-
based endoscopic training, there has been an ongoing empha-
sis to develop instruments designed to evaluate procedure-
specific core skills and quality metrics [36]. In this study, we de-
veloped and used a pilot assessment tool to analyze a trainee’s
performance for relevant individual cognitive and technical as-
pects of POEM during his last phase of hands-on training. The
content of this tool is in line with the core concepts and skills
required for POEM training as outlined by the ASGE [16]. Our
results demonstrated that the threshold for competence in var-
ious cognitive skills were uniformly attained throughout phase
3 of training. On the contrary, from a technical standpoint, mu-
cosal incision followed by submucosal entry and mucosal inci-
sion closure were the most challenging steps, as competence
threshold for these core skills was achieved in 77.7% and
72.7% of the cases, respectively. Our data are consistent with
those recently published in a pilot study identifying submuco-
sal entry as a technically difficult step during POEM training
[12]. Overall, use of the POEMAT allowed us to objectively eval-
uate the trainee based on individual competence benchmarks
defined a priori and provided an opportunity to target potential
core skills requiring further attention during training. This, in
turn, may have permitted the trainee to hone those specific
skills and account for their adequate performance during inde-
pendent practice. Irrespectively, larger studies with more trai-
nees are needed to validate the assessment tool and to help es-
tablish competence thresholds based on representative learn-
ing curves.

The trainee in this study had no prior experience with sub-
mucosal endoscopy, which should be highlighted when com-
paring our data with previous studies on training for POEM. For
instance, a recent study by Liu et al. suggested that 100 POEM
cases are needed to decrease the risk of technical failure, AEs
and clinical failure based on cumulative sum analysis [11]. Yet,
all of the endoscopists involved in this study had already suc-
cessfully completed more than 200 ESDs prior to their first
POEM. It is highly unlikely that most trainees in the West, in-
cluding expert interventional endoscopists, would have amas-
sed such a high volume of cases in submucosal endoscopy prior
to initiating their training in POEM. Hence, we believe that our
pilot data may provide a more approachable strategy for struc-
tured training in POEM in the West. Indeed, at the completion
of this pilot study, the trainee indicated feeling comfortable
with all cognitive and technical aspects of POEM. More impor-
tantly, the trainee demonstrated competence in performing
POEM cases independently. The trainee achieved 100% techni-
cal and clinical success in all POEM cases performed at the onset
of independent practice with no reported AEs, thereby meeting
the performance threshold criteria as recommended by the
ASGE. Hence, these preliminary findings suggest that the
POEM training curriculum was both feasible and adequate in
providing comprehensive training within the context of an AEF
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and supports its viability as a potential training pathway in the
United States.

We acknowledge the limitations of this study. First, this pilot
study was conducted at a single site with only one trainee, lim-
iting the overall generalizability of these results. Nonetheless,
given the limited data on POEM training among advanced
endoscopy fellows, these initial data provide an important fra-
mework and a potential blueprint for how to achieve these
training parameters as outlined by the gastroenterology socie-
ties’ core curricula on POEM. We recognize that this study in-
volved an 18-month training period, which is longer than most
AEFs across the nation. However, the reality is that comprehen-
sive training in complex advanced endoscopic procedures be-
yond ERCP and EUS within the constraints of a standard 12-
month AEF may be challenging if not impossible. Hence, as out-
lined in the ASGE core curriculum for POEM, most trainees may
need to learn the performance of POEM through a dedicated
AEF or in special Third Space Endoscopy programs [15]. Fur-
thermore, it should be noted that the study site is a high-vol-
ume POEM center (approximately 75–100 cases per year), and
therefore, may not be representative of all advanced endoscopy
programs in the country. Irrespective of that, institutions plan-
ning on providing POEM training should follow the recommen-
ded criteria as outlined by the ASGE and JGES clinical practice
guidelines [23]. POEM training, alike other endoscopic proce-
dures, should be offered at centers in which adequate hands-
on training is available; albeit the minimum volume threshold
remains to be determined. Second, while the trainee was in-
volved in 57 POEM cases (22 observation and 35 hands-on) dur-
ing his fellowship, the relatively low number precluded learning
curve analysis and limited competence assessment when eval-
uating certain POEM-related endpoints (i. e. management of
perforation, pneumomediastinum). Furthermore, although
phase 3 consisted of hands-on training, the degree of trainee
involvement in each specific step during the procedure varied
at the discretion of the supervising endoscopist. Nonetheless,
this is an expected finding during endoscopic education, with
increasing trainee participation as he/she gains more experi-
ence. We also recognize that the structure of the proposed
POEM training curriculum in this pilot study was mainly based
on expert opinion as there are no available data on training in
POEM during an AEF. Hence, the duration of training, the type
and number of submucosal endoscopy courses, and the volume
of cases observed or with hands-on participation during the
training phases were all arbitrarily established. The effective-
ness of this training pathway as compared to other strategies
remains to be determined. Furthermore, we acknowledge that
the subjective opinion of the supervising endoscopist was re-
garded as the criterion standard for several endpoints of the
POEMAT. This is an inherent limitation of any study assessing
endoscopic training using this methodology [28–30]. Further-
more, the cut-offs of acceptable and non-acceptable score
parameters using the POEMATwere loosely based on previously
validated endoscopic assessment tools but have yet to be vali-
dated for POEM training. In addition, there was no cross-valida-
tion performed among the two evaluators. Hence, while the pi-
lot study employed a structured data collection tool as part of

the POEM training curriculum, future studies are needed to va-
lidate, define scoring parameters, and establish the utility of
these training instruments. Lastly, it is unclear if and how differ-
ences in the type and volume of other advanced endoscopic
procedures (i. e. ERCP, EUS, advanced endoscopic resection
techniques) performed by the trainee during his fellowship
may have influenced his endoscopic acquisition skills during
POEM training. Nonetheless, the impact of these factors was
to some extent mitigated by using the structured assessment
tool with well-established predefined procedural endpoints.

Conclusions
In summary, results from this pilot study support the feasibility
of adopting the ASGE core curriculum for POEM within the con-
text of a dedicated AEF program. Using a structured assessment
tool, we demonstrated that a trainee with no prior experience
in submucosal endoscopy was able to meet competence
thresholds for various cognitive and technical aspects of
POEM. Upon completion of the fellowship, the trainee was able
to perform POEM procedures during independent practice
without requiring additional post-fellowship training, support-
ing the efficacy of the proposed POEM training pathway and
providing a potential blueprint for future studies on training in
POEM.
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