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ABSTRACT

Peroral endoscopic myotomy (POEM) is an established treatment
for achalasia and selected spastic esophageal motility disorders, but
several aspects of care remain highly operator-dependent. These
include early diagnosis, patient selection, procedural planning,
myotomy length, intra-procedural safety, training assessment, and
prediction of post-procedure reflux. Artificial intelligence (Al) may
help address these limitations by integrating endoscopic video,
high-resolution manometry, timed barium esophagram, EndoFLIP,
clinical variables, procedural data, and follow-up outcomes into
more personalized decision-support tools. This narrative review
critically examines the evidence for Al across the POEM pathway and
distinguishes direct achalasia or POEM evidence from adjacent and
conceptual applications. Early Al applications are most likely to emerge
in achalasia detection during diagnostic endoscopy, automated motility
interpretation, video-based procedural assessment, and prediction of
clinical response or post-POEM reflux. More ambitious applications,
such as real-time tunnel orientation, vessel recognition, mucosal
injury alerts, and personalized myotomy planning, remain largely
investigational. Most Al-specific POEM applications remain at an early
or conceptual stage and require multicenter validation, standardized
outcomes, and careful clinical governance. Al should support, rather
than replace, expert judgment, and an Al-derived reflux estimate
cannot replace standard follow-up or objective reflux assessment.

6z

Peroral endoskopik miyotomi (POEM), akalazya ve segilmis spastik
o6zofagus motilite bozukluklarinin tedavisinde yerlesik bir yontem
olmakla birlikte, tedavi siirecinin gesitli asamalari halen biyik ol¢tide
uygulayici deneyimine baghdir. Bu asamalar; erken tani, hasta segimi,
islem planlamasi, miyotomi uzunlugunun belirlenmesi, islem sirasinda
guvenligin saglanmasi, egitim dizeyinin degerlendirilmesi ve islem
sonrasi refli gelisiminin 6ngorilmesini kapsamaktadir. Yapay zeka
(YZ); endoskopik video goruntleri, yliksek ¢ozinurlikli manometri,
zamanli baryumlu 6zofagus grafisi, EndoFLIP, klinik degiskenler, isleme
iliskin veriler ve takip sonuglarini blttinlestirerek daha kisisellestirilmis
karar destek araglarinin gelistirilmesine katki saglayabilir. Bu anlatisal
derlemede, POEM sirecinin farkli asamalarinda YZ kullanimina
iliskin kanitlar elestirel olarak incelenmekte ve dogrudan akalazya
veya POEM’e iliskin kanitlar, komsu alanlardaki ve kavramsal
dizeydeki uygulamalardan ayrilmaktadir. YZ’'nin erken dénemdeki
uygulamalarinin; tanisal endoskopi sirasinda akalazyanin saptanmasi,
motilite bulgularinin otomatik olarak yorumlanmasi, video tabanli
islem degerlendirmesi ve klinik yanitin veya POEM sonrasi refliintin
o6ngoriilmesialanlarinda ortaya gikmasi beklenmektedir. Tlinel yéniinln
gercek zamanli olarak belirlenmesi, damarlarin taninmasi, mukozal
yaralanma uyarilarinin olusturulmasi ve kisisellestirilmis miyotomi
planlamasi gibi daha ileri uygulamalar ise buyik o6lgiide arastirma
asamasindadir. POEM’e 6zgli YZ uygulamalarinin ¢ogu halen erken
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ABSTRACT
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veya kavramsal asamadadir ve cok merkezli dogrulama galismalarina,
standardize edilmis sonug Olgltlerine ve dikkatli bir klinik yonetisim
yaklasimina ihtiya¢ duymaktadir. YZ, uzman klinik degerlendirmesinin
yerine gegmekten ziyade onu desteklemelidir. Ayrica YZ araciligiyla
elde edilen refli tahmini, standart takip strecinin veya objektif refli
degerlendirmesinin yerini alamaz.

Anahtar Sozciikler: Yapay zeka, peroral endoskopik miyotomi, akalazya,
bilgisayarli gorl, yuksek ¢ozindrlikli manometri, gastroozofageal
reflii hastalig

INTRODUCTION

POEM as a Platform for Precision Endoscopy

Peroral endoscopic myotomy (POEM) has transformed the
management of achalasia and selected spastic esophageal motility
disorders. Since its introduction as a natural-orifice endoscopic
alternative to laparoscopic Heller myotomy, POEM has moved from
an experimental third-space endoscopy technique to an established
therapeutic option for idiopathic achalasia, type Ill achalasia, distal
esophageal spasm, jackhammer esophagus, and selected cases of
failed prior therapy (1,2). Its main appeal lies in its ability to provide
a flexible, endoluminal myotomy without external incisions, while
allowing the endoscopist to tailor the length and orientation of the
myotomy according to the underlying motility pattern.

Contemporary guidelines and reviews support POEM as a safe and
effective treatment for achalasia, with outcomes comparable to
established alternatives such as laparoscopic Heller myotomy and
generally superior efficacy to pneumatic dilation in many clinical
settings (2-4). However, POEM remains a highly operator-dependent
procedure. Important decisions are still based on endoscopist
experience, center practice, and interpretation of heterogeneous
pre-procedural data. These include whether POEM is the best
treatment for a given patient, how long the esophageal and gastric
myotomy should be, whether an anterior or posterior approach
is preferable, how to manage sigmoid or advanced achalasia, and
how to balance symptom relief against the risk of post-POEM
gastroesophageal reflux disease (GERD) (2,4).

This shift creates a strong rationale for artificial intelligence
(Al). In achalasia care, clinicians already integrate multiple data
streams, including symptoms, endoscopic findings, high-resolution
manometry (HRM), timed barium esophagram (TBE), functional
lumen imaging probe (FLIP; commonly performed with the EndoFLIP
system) measurements, prior interventions, anatomical complexity,
and patient-specific reflux risk. However, these variables are rarely
combined in a systematic or quantitative way. Al may help convert
this fragmented information into clinically useful predictions,
supporting earlier diagnosis, improved patient selection,
personalized procedural planning, objective intra-procedural
guidance, and tailored follow-up (5). In this review, more precise
terms such as machine learning, clinical prediction model, deep
learning, computer vision, or transformer model are used when the
specific method is known.

The earliest Al applications relevant to POEM are likely to emerge
before and after the procedure rather than during the procedure

itself. For example, computer vision models may assist in recognizing
subtle endoscopic features of achalasia, while clinical prediction
models may help estimate the probability of symptom response,
recurrence, or post-POEM reflux. A recent proof-of-concept
study showed that a model using upper endoscopy videos could
detect achalasia with diagnostic accuracy comparable to expert
endoscopists, supporting the concept that routine endoscopic video
contains clinically useful information that may be under-recognized
during standard visual assessment (6).

Nevertheless, Al in POEM remains at an early stage. Most available
work relates to achalasia diagnosis, general Al in endoscopy, or
outcome prediction rather than real-time Al-guided myotomy.
Therefore, the purpose of this review is not to claim that Al is ready
to perform or direct POEM, but to critically examine where it may
add value across the POEM pathway. The central argument is that
POEM is an ideal model for precision therapeutic endoscopy: it is
technically complex, data-rich, outcome-driven, and vulnerable to
variation in decision-making. Al may eventually help standardize this
pathway while preserving the endoscopist’s central role in judgment,
technique, and patient-centered care.

Methods: Narrative Search Strategy and Evidence
Classification

PubMed, MEDLINE, Embase, Scopus, Web of Science Core Collection,
and Google Scholar were searched from database inception
through April 2026. Search concepts combined “achalasia,” “peroral
endoscopic myotomy” or “POEM” with “artificial intelligence,”
“machine learning,” “deep learning,” “computer vision,” “clinical
prediction model,” “risk score,” “nomogram,” “technical difficulty,”
“adverse event,” “complication,” “clinical failure,” “poor responder,”
“high-resolution manometry,” “functional lumen imaging probe,”
“FLIP” “EndoFLIP” “outcome prediction,” “reflux,” “training,”
or “video assessment.” Relevant studies published through the
April 2026 cutoff were considered, and reference lists of relevant

guidelines, reviews, and eligible studies were also examined.

” o«

English-language, peer-reviewed human studies directly addressing
achalasia or POEM were prioritized. Conventional regression-based
POEM risk scores were included when they addressed treatment
response, technical difficulty, adverse events, or reflux because they
are methodological precursors to Al-enabled prediction; they were
described separately and were not treated as deployable Al systems.
Studies from endoscopic submucosal dissection (ESD), minimally
invasive surgery, or general endoscopy were included only when they
addressed an analogous video or workflow task and were labeled
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as adjacent evidence. Reports were selected purposively for clinical
relevance and methodological detail. This was a narrative review;
duplicate independent screening, protocol registration, formal risk-
of-bias assessment, and meta-analysis were not undertaken.

Evidence was classified as clinically evaluated when a complete
system or conventional prediction model had been tested in a patient
cohort, reader study, or clinical prediction cohort; proof of concept
when evaluation was image-level, preclinical, a small feasibility
study, or limited to a component task rather than a complete clinical
model; adjacent when evidence came from a different procedure;
and conceptual when no direct POEM evaluation was available.
Retrospective design and internal validation were recorded as
limitations rather than overriding the clinically evaluated label for
completed prediction models. Conventional regression-based scores
were identified explicitly so that clinical evaluation was not mistaken
for Al-specific integration or readiness for routine care. These labels
describe the maturity of evaluation and do not imply deployability.

Current Evidence Base and Maturity

The strongest direct evidence concerns recognition of achalasia
during diagnostic endoscopy. Kaklamanos et al. (6) assembled 1,229
videos from 1,203 patients investigated for dysphagia at one center.
Their transformer model used 1,036 videos from 1,010 patients for
training, 98 patients and videos for validation, and 95 patients and
videos for testing, with HRM as the reference standard. In the held-
out test set, model accuracy was 0.926, F1 score 0.821, sensitivity
0.800, and negative predictive value 0.947; two expert endoscopists
had accuracy 0.905, F1 score 0.710, sensitivity 0.550, and negative
predictive value 0.893 (6). The single-center, enriched dysphagia
cohort, exclusions, and small number of achalasia cases in the test
set limit generalizability to routine unselected endoscopy.

Shiwaku et al. (7) conducted a multicenter reader study involving
83 endoscopists from 27 centers. Readers assessed 50 selected
videos, including 25 with achalasia, before and after computer-aided
detection. Sensitivity increased from 74.2% to 91.2% overall and from
66.9% to 91.9% among less-experienced readers (7). The artificial
disease prevalence, repeated case set, and video-reading design do
not establish performance in a live workflow. Both diagnostic studies
are vulnerable to spectrum and selection bias when results from
enriched cohorts and selected videos are extrapolated to routine
endoscopy.

Evidence for automated physiological testing is less mature.
HRM remains the diagnostic reference standard under Chicago
Classification version 4.0 (8), and existing machine-learning work
has mainly addressed component tasks rather than complete clinical
interpretation (9). Czako et al. (10) used single-center, markedly
imbalanced image datasets and an internal image-level split without
external patient-level validation of a complete motility diagnosis.
Carlson et al. (11) studied FLIP panometry in 180 treatment-naive
patients with achalasia, using 140 for training and 40 for testing. Test
accuracy was 78% for spastic versus non-spastic achalasia and 55%
for all three HRM subtypes, supporting a preliminary phenotype
model rather than a replacement for HRM.

Conventional regression-based POEM prediction models provide
direct clinical precursor evidence. Urakami et al. (12) developed
a poor-response score in 244 patients and internally validated
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it by bootstrapping [area under the curve (AUC) 0.78]. Liu et al.
(13) developed a major-adverse-event score in 3,135 patients
with bootstrap internal validation (AUC 0.795), while a separate
3,385-patient study used a 1,693-patient training cohort and
1,692-patient internal validation cohort to develop a technical-
difficulty nomogram (validation AUC 0.743) (14). These retrospective
models are not deployable Al systems and lack independent
prospective validation.

The principal direct machine-learning outcome-prediction study
included 1,824 treatment-naive patients across multiple Japanese
centers, 1,778 of whom underwent POEM. The area under the
receiver operating characteristic curve was 0.70 for persistent
symptoms and 0.61 for reflux esophagitis, indicating moderate and
poor discrimination, respectively (15). No independent geographic
validation or prospective decision-impact evaluation was reported.
Figure 1 maps these direct findings alongside proof-of-concept,
adjacent, and conceptual applications.

Al-assisted Diagnosis and Patient Selection Before POEM

Accurate diagnosis and careful patient selection are central to
successful POEM. Although POEM is highly effective for achalasia,
it is not appropriate for every patient with dysphagia or esophageal
outflow obstruction. The decision to proceed with POEM requires
integration of symptoms, endoscopic findings, HRM, TBE, FLIP data,
previous interventions, anatomical complexity, patient preference,
and reflux risk. Current diagnostic frameworks, including the
Chicago Classification version 4.0, provide a structured approach
to esophageal motility disorders, but interpretation can remain
challenging in borderline cases, spastic disorders, opioid-associated
dysmotility, and patients with prior therapy (8,16).

Al may improve the earliest stage of the POEM pathway by supporting
recognition of achalasia during routine upper endoscopy. Achalasia
can be missed because endoscopic findings are often subtle,
including retained saliva or fluid, mild esophageal dilation, abnormal
contractions, resistance at the esophagogastric junction (EGJ), or a
tight-appearing lower esophageal sphincter. Recent computer-vision
work suggests that Al can identify achalasia from upper endoscopy
videos with performance comparable to expert endoscopists. This
is clinically relevant because many patients experience delayed
diagnosis and may receive repeated endoscopy or empirical reflux
therapy before manometry confirms the disorder (6,7).

Al may also support interpretation of HRM, which remains the
diagnostic cornerstone for achalasia and other esophageal motility
disorders. Manometric interpretation requires specialist expertise
and may be affected by artifacts, catheter position, patient tolerance,
and interobserver variability. Machine-learning tools could help
classify motility patterns, identify achalasia subtypes, distinguish
true spastic disease from artifact, and flag complex studies for
expert review. This is important for POEM because manometric
phenotype influences procedural planning, particularly in type IlI
achalasia and spastic disorders, where a longer proximal myotomy
is often required (9,10).

Patient selection should extend beyond confirming the diagnosis. A
244-patient regression-based score used the pretreatment Eckardt
score, previous treatment, sigmoid esophagus, and esophageal
dilation grade to estimate poor response after POEM, but it was only
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Artificial intelligence across the peroral endoscopic myotomy pathway

Evidence maturity and clinical readiness at each stage

CLINICALLY EVALUATED

Computer vision can flag features
suggestive of achalasia in routine video. -’

Diagnostic endoscopy

Evidence: 1,203 dysphagia patients;
held-out test set and reader comparison.

Limit: single-center, enriched cohort;
\__ no prospective live-workflow validation. J

E———————a————————]

PROOF OF CONCEPT

HRM and FLIP phenotyping

Machine learning can automate selected
tasks and classify FLIP patterns.

Evidence: internal HRM image sets;
180-patient FLIP model (40 test).

Limit: image-level or small internal
\_ Validation; not a full diagnostic pathway. J

CLINICALLY EVALUATED

Clinical prediction models may support
-’ counseling and follow-up prioritization.

Outcome estimation

Evidence: 1,824-patient multicenter cohort;
AUC 0.70 symptoms, 0.61 reflux.

Limit: modest discrimination and no
\__independent geographic validation. J

PROOF OF CONCEPT

Risk estimates may help prioritize review
after POEM, if prospectively validated. "

Follow-up and reflux risk

Low predicted risk must not reduce standard
clinical or objective reflux assessment.

Required: calibration, external validation
\__and post-deployment monitoring. g

° PROOF OF CONCEPT/CONCEPTUAL

Guidance and training

Candidate uses include phase recognition,
safety alerts and video-based feedback.

Retrospective POEM instrument analysis;
adjacent ESD systems.

Limit: Prospective safety and clinical benefit
\_ ©f Al-guided POEM remain unproven. )

CONCEPTUAL

Future models could integrate phenotype,
<‘ anatomy and prior treatment history.

Personalized planning

No validated Al model prescribes myotomy

length, orientation, depth or gastric extension.
Required: prospective impact studies with

\__ Ppatient-centered efficacy and safety outcomes. J

Evidence status: @ clinically evaluated @ proof of concept @ conceptual

Clinical safeguard: all outputs are clinician-facing decision support; responsibility remains with the treating team.

Abbreviations: AUC, area under the receiver operating characteristic curve; ESD, endoscopic submucosal dissection;
FLIP, functional lumen imaging probe; HRM, high-resolution manometry; POEM, peroral endoscopic myotomy.

Figure 1. Evidence maturity across the proposed artificial intelligence-assisted peroral endoscopic myotomy pathway. “Clinically evaluated” denotes
testing in a patient, reader, or prediction cohort and does not indicate readiness for routine care. Direct clinical evidence includes diagnostic endoscopy,
retrospective machine-learning outcome estimation, and conventional regression-based POEM risk scores that are methodological precursors rather than
deployable Al systems. Automated high-resolution manometry and functional lumen imaging probe interpretation remain proof of concept; personalized
myotomy prescription, real-time intra-procedural guidance, and automated training assessment remain conceptual for peroral endoscopic myotomy. A
low predicted reflux risk must not replace standard clinical follow-up or objective reflux assessment.

Al: Artificial intelligence, AUC: Area under the receiver operating characteristic curve, ESD: Endoscopic submucosal dissection, FLIP: Functional lumen imaging probe, HRM:
High-resolution manometry, POEM.: Peroral endoscopic myotomy. (This original figure was created by the authors for this review.)

internally validated and did not compare POEM with alternative
treatments (12). A clinically useful model would ideally estimate
the likely benefit of POEM compared with pneumatic dilation,
laparoscopic Heller
toxin injection, redo myotomy, or conservative management.
Contemporary guidelines support POEM as a safe and effective
treatment for achalasia, with particular value in type Il achalasia
because the myotomy can be extended proximally according to the

myotomy with fundoplication, botulinum

spastic segment. However, treatment selection remains complex
in patients with advanced sigmoid achalasia, severe esophageal
dilation, previous interventions, frailty, high reflux risk, or discordant
symptoms (2,3,16).

Functional assessment may further strengthen Al-assisted selection.
FLIP can assess EGJ distensibility and provide complementary
information before, during, and after myotomy. Persistently low
distensibility after treatment has been associated with poorer
symptomatic outcomes, while excessive disruption of the antireflux

barrier may increase reflux risk. Future clinical prediction models
could combine distensibility metrics with HRM, TBE, endoscopic
findings, and symptom scores to identify patients most likely to
benefit from POEM and estimate the degree of myotomy needed
to achieve adequate outflow relief without unnecessary disruption
(11,17).

A practical Al-assisted pre-POEM workflow could include three
levels. First, computer vision could flag suspected achalasia during
diagnostic endoscopy. Second, automated analysis of manometry
and functional testing could support disease phenotyping and
identify complex or discordant cases. Third, clinical prediction
models could estimate treatment response, technical difficulty,
recurrence risk, and post-POEM reflux risk. Conventional regression
scores already provide internally validated precursor evidence for
several of these tasks, but they are not Al systems and have not
shown prospective decision impact. An Al-assisted approach would
not replace clinical judgment, but it could standardize decision-
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making and reduce variation between centers, particularly where
access to expert motility interpretation is limited (6,7,9-15).

At present, Al-specific pre-POEM assessment remains early and
should be viewed as investigational rather than practice-changing.
Most Al studies are proof of concept, retrospective, or focused
on diagnosis rather than treatment selection; conventional POEM
risk scores are clinically evaluated but remain internally validated
precursors. The key question is not simply whether a model can
classify achalasia, but whether it improves outcomes by helping
clinicians select the right patient, intervention, and procedural
strategy.

Al for Procedural Planning: Toward Personalized Myotomy

Procedural planning is one of the most attractive but least developed
applications of Al in POEM. Although the procedure is often
described in standard technical steps, the optimal strategy varies
substantially between patients. The endoscopist must decide the
orientation of the tunnel, the entry site, the length of esophageal
and gastric myotomy, the depth of myotomy, and the degree of
extension required across the EGJ. These decisions are usually based
on endoscopic judgment, manometric subtype, anatomical features,
and local expertise rather than objective prediction models (18).

The most important planning question is myotomy length. In type |
and type Il achalasia, shorter myotomy strategies may be adequate
in selected patients, while type Ill achalasia and spastic esophageal
disorders often require a longer myotomy that extends proximally
to cover the spastic segment. This is a natural area for Al because
a future model could integrate HRM, TBE, FLIP findings, endoscopic
anatomy, symptom pattern, and prior treatment history to estimate
the minimum effective myotomy length for each patient (19).

Al may also help reduce unnecessary procedural variation. A
recent meta-analysis showed substantial heterogeneity in reported
myotomy length across POEM studies, with longer pooled myotomy
lengths in type Il achalasia than in non-spastic achalasia. This
variation reflects differences in disease phenotype, operator
preference, and evolving procedural strategy. A validated prediction
model could help distinguish patients who need extended myotomy
from those in whom shorter myotomy may achieve adequate
symptom relief while potentially reducing procedural time, tissue
disruption, and reflux risk (20).

Functional assessment could make procedural planning more
objective. FLIP provides real-time information on EGJ distensibility
and may help assess whether the myotomy has achieved adequate
physiological disruption. Studies have shown that distensibility
changes during POEM can be measured incrementally and may
correlate with clinical outcomes. In the future, a model could
combine baseline and intra-procedural distensibility data with
manometric phenotype to guide whether additional proximal or
gastric extension is required (21,22).

Another planning issue is the risk of post-POEM reflux. Unlike
laparoscopic Heller myotomy, POEM is not routinely combined with
fundoplication, and reflux remains a major limitation. Proposed
predictors remain plausible but heterogeneous candidates. In a
92-patient cohort, loss of inspiratory augmentation was associated
with GERD in the evaluable HRM subgroup. Shorter intra-abdominal
lower esophageal sphincter length and type Ill EGJ morphology
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showed nonsignificant trends; myotomy length and orientation were
not significantly associated (23). These findings require external
validation and cannot support routine model-based planning.

Al may also assist in predicting technical difficulty. Direct conventional
evidence already exists: a regression nomogram developed in 3,385
patients and internally validated in 1,692 identified age, disease
duration, sigmoid esophagus, mucosal edema, submucosal fibrosis,
and tunnel length as predictors (14). This model is not an Al system
and lacks independent prospective validation, but it establishes
that technical-difficulty prediction is not entirely conceptual.
Future models could integrate procedural videos, endoscopic
images, radiology, and clinical variables to support operator, center,
equipment, and backup-plan selection (18).

Al-guided prescription of myotomy length, orientation, depth, or
gastric extension remains conceptual, whereas conventional models
for technical difficulty and major adverse events have undergone
internal clinical evaluation (13,14). No validated Al tool can prescribe
a POEM strategy in routine practice. Future studies should develop
clinically actionable models using multicenter datasets, standardized
procedural variables, objective reflux testing, and long-term clinical
outcomes, followed by external and prospective validation. The aim
should not be to replace expert endoscopists, but to make planning
more reproducible, transparent, and personalized (18-22).

Al for lintra-procedural Guidance and Training

Al-assisted intra-procedural guidance represents the most ambitious
future application in POEM. Unlike diagnostic endoscopy, POEM
requires continuous recognition of dynamic procedural steps,
including mucosal incision, submucosal tunnel creation, myotomy,
hemostasis, extension across the EGJ, and mucosal closure. In theory,
computer vision could provide real-time support by identifying
the procedural phase, maintaining orientation within the tunnel,
highlighting vessels, warning of mucosal injury, and prompting
reassessment before closure. The main potential applications across
the POEM pathway are summarized in Table 1.

The rationale for intra-procedural Al is strengthened by progress in
adjacent therapeutic endoscopy. In ESD, computer-vision systems
have been developed for workflow recognition, anatomical structure
delineation, and real-time orientation support. Although these
models cannot be directly transferred to POEM, they show that Al
can analyze complex therapeutic endoscopy videos and provide
cognitive assistance beyond simple lesion detection (24,25).

The supporting evidence remains preliminary and procedure-
specific. Cao et al. (24) developed an ESD workflow-recognition
system from 201,026 frames across 47 cases, performed a small
external evaluation, and demonstrated real-time operation in an
animal study. Scheppach et al. (25) trained anatomical segmentation
on 1,011 still images from 30 ESDs and evaluated real-time use in 12
porcine procedures. These studies demonstrate technical feasibility
in an adjacent procedure, not safety or benefit during human POEM.

A key intra-procedural target is recognition of the correct submucosal
plane. Loss of orientation, difficult tunneling, fibrosis, bleeding, and
inadvertent mucosal injury can increase technical difficulty and
procedural risk. A model could be trained to distinguish the mucosal
layer, submucosal tunnel, circular muscle fibers, longitudinal
muscle, vessels, and areas of poor visibility. Zhu et al. (26) reported
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Table 1. Evidence maturity of potential Al applications across the POEM pathway.

Stage of care

Potential Al
application

Expected clinical
value

Evidence status

Representative
study or data
type

Validation status

Current limitation

Diagnosis

Patient
selection
and risk
stratification

Procedural
planning

Intra-procedural
guidance

Training

Follow-up

Detection of
achalasia from
endoscopic images
or videos

Prediction of poor
response, technical
difficulty, major
adverse events, and
benefit from POEM

Prediction of optimal
myotomy length,
orientation, and
gastric extension

Instrument analysis,
tunnel orientation,

vessel detection and
mucosal injury alerts

Automated video-
based assessment of
procedural steps and
technical errors

Prediction of clinical
recurrence and post-
POEM reflux

Earlier recognition
and referral for
manometry

Better counseling,
case selection,
operator
assignment,

and procedural
preparation

More personalized
and reproducible
POEM strategy

Improved safety
and procedural
consistency

Objective
competency
assessment and
feedback

Tailored
surveillance and
acid-suppression
strategy

Clinically evaluated

Clinically evaluated
conventional
prediction models;
Al-specific
integration and
external validation
remain unavailable

Conceptual for
Al-prescribed
planning

Direct POEM
instrument proof
of concept;
navigation/safety
remain conceptual

Automated
competency
scoring unvalidated

Clinically evaluated
prediction cohorts;
no deployable Al
system

Kaklamanos et
al. (6); Shiwaku
etal. (7)

Urakami et

al. (12); Liu
etal. (13,14);
Takahashi et al.
(15)

Clinical

POEM and

FLIP cohorts;
no direct Al
planning model

Zhu et al. (26);
adjacent ESD
studies (24,25)

POEM
assessment
tool: 12
assessors and
10 videos (30)

Urakami et al.

(12); Takahashi
et al. (15); Kim
et al. (23)

Single-center
held-out test;
multicenter reader
study

Retrospective
bootstrap, split-
sample internal,
or multicenter
development
evaluation

No validated Al
system

Retrospective
POEM video
analysis; no
prospective safety/
benefit validation

Initial human-
rating validation
only

Retrospective
internal or
development-
cohort evaluation;
no decision-impact
study

Selected, enriched
videos; no prospective
live-workflow
validation

No independent
prospective validation;
conventional regression
models are not
deployable Al systems
or comparative
treatment selectors

No evidence that an
Al-prescribed plan
improves efficacy or
safety

Different anatomy and
error costs; false-alert
risk

The assessment tool
is not Al; automated
scoring remains
unvalidated

Heterogeneous
predictors; low
predicted risk cannot
replace standard
follow-up or objective
assessment

Al: Artificial intelligence, ESD: Endoscopic submucosal dissection, FLIP: Functional lumen imaging probe, POEM: Peroral endoscopic myotomy.

retrospective instrument-based analysis of POEM videos; general
surgical Al reviews provide adjacent evidence (27).

Al may also help standardize recognition and documentation of
adverse events. Mucosal injury, bleeding, insufflation-related events,
pain, and aspiration are recognized complications during or after
POEM, although major adverse events are uncommon in experienced
centers. A conventional regression score developed in 3,135 patients
predicted major adverse events with bootstrap internal validation,
but it was not an Al system and was not independently validated
(13). Video-based models could automatically flag bleeding
episodes, prolonged hemostasis, suspected mucosal breach,
repeated loss of tunnel orientation, or difficult closure. Such systems
must be evaluated against established prevention, recognition, and
management standards before clinical use (28).

Training is likely to be a more realistic near-term application than
real-time procedural control. POEM has a significant learning
curve and requires both cognitive and technical skills, including
patient selection, tunnel creation, controlled myotomy, hemostasis,
complication recognition, and closure. Existing training guidance
emphasizes structured curricula, expert supervision, simulation,

animal models, and competency-based assessment rather than
reliance on case numbers alone (29).

Recent work on video-based POEM assessment provides an
important foundation for this direction. The POEM assessment tool
was developed as a structured human rating instrument, not an
Al system. In its initial validation, 12 assessors rated 10 procedural
videos, with variable inter-rater reliability across domains (30). It may
provide a competency framework for future automated assessment,
but automated scoring has not yet been prospectively validated.

In the future, the most practical model may be a staged approach.
Early tools could support retrospective video review and training
assessment. More advanced systems could undergo silent-mode
evaluation before carefully bounded phase-recognition or safety
alerts are introduced. Only after robust prospective and human-
factors validation should Al be considered for real-time decision
support during active myotomy.

Al Prediction of Post-POEM Outcomes and Reflux

Prediction of post-POEM outcomes is clinically relevant because
technical success does not always guarantee durable symptomatic
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benefit. Most patients improve after POEM, but a minority develop
persistent symptoms, recurrent dysphagia, need for retreatment, or
clinically significant reflux. Conventional regression and machine-
learning cohorts provide direct POEM-specific prediction evidence,
although current models remain insufficient for routine decision-
making (12,15). Outcome assessment relies on symptom scores,
endoscopy, pH testing, TBE, HRM, and FLIP, but these data are
often interpreted separately rather than integrated into a single
personalized risk estimate.

Al could help predict clinical response by combining baseline and
procedural variables. Relevant candidates include age, symptom
duration, Eckardt score, achalasia subtype, esophageal diameter,
sigmoid morphology, prior pneumatic dilation or Heller myotomy,
lower esophageal sphincter pressure, integrated relaxation
pressure, FLIP distensibility, myotomy length, gastric extension, and
intra-procedural complications. Existing conventional and machine-
learning models show that such estimation is feasible, but their
internal or development-cohort performance is insufficient for
individual treatment decisions without independent prospective
validation (12,15).

Post-POEM reflux is particularly important because objective reflux
can occur even when symptoms are mild or absent. Reported
candidate predictors are heterogeneous rather than established. In
a 92-patient retrospective cohort, loss of inspiratory augmentation
was associated with GERD in the evaluable HRM subgroup; intra-
abdominal lower esophageal sphincter length, EGJ morphology,
myotomy length, and orientation were not significantly associated
(23). Other cohorts have proposed different baseline and procedural
variables, and differences in reflux definitions and testing further
limit comparability. No reflux-prediction model is ready for routine
use, and objective follow-up remains necessary (4,31).

The value of a reflux-prediction model would be greatest ifitinformed
counseling and surveillance without weakening established care. A
high predicted risk could support careful counseling, avoidance of
excessive gastric extension, consideration of sling-fiber-preserving
techniques or emerging antireflux POEM concepts, and structured
post-procedure surveillance (32). Conversely, a low predicted
risk must not be used to omit standard clinical follow-up, acid-
suppression decisions, endoscopy, or objective reflux assessment
when otherwise indicated.

Longitudinal prediction is another important opportunity. Some
patients remain asymptomatic early after POEM but later develop
recurrent symptoms, reflux esophagitis, abnormal acid exposure, or
need for retreatment. A future model could update risk estimates
using serial Eckardt scores, medication use, endoscopic findings,
pH testing, TBE, and functional measurements. This could support
risk-adapted follow-up, provided that standard surveillance is not
withheld on the basis of an unvalidated estimate.

However, outcome prediction models must avoid overfitting
and clinically misleading conclusions. Many POEM studies are
retrospective, single-center, and heterogeneous in follow-up
duration, reflux definitions, pH testing protocols, and outcome
thresholds. Models trained on such data may perform well internally
but fail when applied to different populations, operators, devices,
and follow-up pathways. Future models should therefore use
standardized definitions of clinical success, objective reflux testing,
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adequate follow-up, external validation, and transparent reporting
and risk-of-bias standards (33,34).

The ideal Al-assisted POEM pathway would begin before the
procedure and continue into follow-up. Al could flag suspected
achalasia during endoscopy, support manometric phenotyping,
predict benefit from POEM, assist with procedural planning, provide
video-based quality assessment, and estimate the risk of recurrence
or reflux after treatment. Such a system would not replace the
endoscopist but could create a more consistent and data-driven care
pathway. Figure 1 summarizes this proposed workflow, while Table 1
summarizes the evidence status of the major applications.

Safety, Generalizability, and Governance

Dataset shift is a central safety problem. A model trained in a high-
volume expert center may fail when case mix, disease prevalence,
endoscope manufacturer, processor, image enhancement, catheter,
FLIP protocol, operator technique, or annotation practice changes.
Class imbalance may conceal poor sensitivity for uncommon but
consequential events such as mucosal injury. Validation should
therefore include geographically and technically distinct centers,
temporal testing, calibration plots, and prespecified subgroup
performance by sex, age, ethnicity, disease subtype, previous
treatment, and procedural complexity.

Fairness cannot be inferred from a single overall accuracy.
Underrepresented groups may receive less reliable estimates,
and missing data may encode unequal access to specialist testing.
Explainability should be matched to the clinical task. False alerts
can distract the operator, whereas false reassurance can delay
recognition of a complication. Automation bias, alert fatigue, and
the effect of Al on trainee skill acquisition require direct human-
factors evaluation.

Governance must address lawful data use, privacy protection for
endoscopy video and physiological data, cybersecurity, version
control, audit logs, regulatory responsibility, and clear assignment of
accountability when the clinician and system disagree. Institutions
should define who may override an output, how failures are
reported, and how performance is monitored after deployment.
Prospective surveillance should assess drift, near misses, subgroup
harm, and workflow effects, with a predefined withdrawal or
recalibration process.

Prediction-model reports should follow the transparent reporting
of a multivariable prediction model for individual prognosis or
diagnosis plus Al statement, and risk of bias should be assessed with
the prediction model risk of bias assessment tool plus Al (33,34).
Early live clinical studies should address the developmental and
exploratory clinical investigations of decision-support systems
driven by Al guidance, while the fairness, universality, traceability,
usability, robustness, and explainability for Al framework informs the
wider lifecycle (35,36). Table 1 summarizes the evidence maturity,
validation status, and principal limitation of each application.

Novelty of This Review

The novelty of this narrative review is its stage-specific evidence-
maturity framework across the complete POEM pathway. It
distinguishes direct achalasia or POEM evidence from adjacent
therapeutic-endoscopy research and conceptual proposals, and it
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links each application to its validation status, principal limitation,
and required clinical safeguards. This approach provides a clinically
oriented research agenda without implying that conceptual
procedural tools are ready for patient care.

CONCLUSION

Al-specific applications across the POEM pathway remain at an early
stage, although conventional regression models provide internally
validated precursor evidence for poor response, technical difficulty,
and major adverse events. The most realistic near-term Al uses are
clinician-facing detection support during diagnostic endoscopy,
bounded assistance with HRM or FLIP interpretation, retrospective
video review, and cautiously calibrated outcome stratification.
Even these uses require external and prospective validation in
representative populations before routine adoption.

Personalized myotomy prescription, real-time tunnel navigation,
vessel or mucosal-injury alerts, and automated training assessment
remain speculative for POEM. Progress requires multicenter
datasets, standardized outcomes, calibration and subgroup analyses,
human-factors and clinical-impact studies, regulatory clarity, and
post-deployment monitoring. Al should augment expert judgment
and must not weaken established diagnostic, procedural, or reflux
follow-up safeguards.
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