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SUMMARY. Peroral endoscopic myotomy (POEM) is an established treatment for achalasia, yet there is still a
lack of technical standardization. No clear definition of ‘long’, ‘standard’, or ‘short’ POEM exists to date. We
conducted a systematic review with meta-analysis to analyze current POEM length standards. We included studies
reporting technical details of POEM, in which no definite or comparative myotomy length was intentionally adopted
(standard myotomy). The primary outcome was the pooled mean total myotomy length. Sub-group analyses were
performed to explore heterogeneity across studies. From the initial 7172 records, 31 studies with 3023 patients were
included. Pooled mean of total myotomy length was 10.39 cm (95% CI 10.06-10.71; 1> 99.3%). Pooled mean of
esophageal and gastric myotomy length, provided by 17 studies, was 7.11 cm (95% CI 6.51-7.71; 1> 99.8%) and
2.81 cm (95% CI 2.41-3-22; 12 99.8%), respectively. On subgroup analysis for achalasia subtypes, pooled mean
length in non-spastic achalasia (type I and II) was 10.17 cm (95% CI 9.91-10.43; 1> 94.2%), while in type III
it was 14.02 cm (95% CI 10.59-17.44; 1? 98.9%). Pooled mean myotomy length for studies conducted between
2014-2020 was 10.53 cm (95% CI, 10.22-10.84; 1> 99.1%) and 9.74 em (95% CI, 7.95-11.54; 1> 99.7%) in 2021—
2022. Myotomy length during a ‘standard’ POEM is 10.4 cm, remaining over 10 cm in non-spastic achalasia. The
high heterogeneity across studies confirms that the POEM technique needs further standardization. We found no
significant time trend towards adopting short POEM, despite recent evidence supporting its use.
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INTRODUCTION

Achalasia is an esophageal motility disorder charac-
terized by the absence of peristalsis in the esophageal
body and poor relaxation of the lower esophageal
sphincter (LES), mainly due to a degeneration in the
inhibitory neurons located in the myenteric plexus.'
Typical symptoms are dysphagia, chest pain, and
food regurgitation, with frequently associated weight
loss as the disease progresses.” Achalasia is a chronic,
irreversible condition, and treatments are essentially
palliative.’ Endoscopic management of achalasia has

progressively developed over time: pneumatic dilation
(PD) with air-filled balloon catheters represented the
only efficient endoscopic treatment until the past
decade.* In 2010, Inoue and colleagues developed
peroral endoscopic myotomy (POEM), which has
soon revolutionized the landscape of achalasia
treatment.” POEM is an endoscopic procedure that
involves the creation of a submucosal tunnel in
the distal esophagus, through which electrosurgical
dissection of the LES muscle fibers is performed. In
spastic achalasia and non-achalasia hypercontractile
disorders, myotomy can be liberally extended into the

Address correspondence to: Dr Edoardo Vespa, Division of Gastroenterology and Digestive Endoscopy, IRCCS Ospedale San Raffaele,

Via Olgettina 60, Milan, Italy. Email: vespa.edoardo@hsr.it
*These authors contributed equally to this work.

Specific author contributions: EV and AB conceived the article. EV and AB drafted the manuscript. AB, EF, and MCF performed to the
systematic review. EV and AB created tables and figures. FVM, SP, FA, EVS, and SD critically reviewed the content of the paper. The final

manuscript was approved by all authors.

Conflicts of interest: The authors declare that they have no conflict of interest related to this paper.

Financial support: None.

© The Author(s) 2024. Published by Oxford University Press on behalf of International Society for Diseases of the Esophagus.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/
licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly

cited.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5573-447X
https://orcid.org/0000-0002-3187-2894

2 Diseases of the Esophagus

The International Society for
(M Diseases of the Esophagus

esophageal body, ablating spastic muscle segments.
POEM is performed usually under general anesthesia,
is technically more challenging, and requires higher
costs compared to PD, in turn ensuring shorter
recovery time and greater patient comfort over
laparoscopic Heller myotomy (LHM), with high
efficacy rates, both on long- and short-term, at the
price of a likely higher gastroesophageal reflux disease
(GERD) burden.®’

While POEM has been increasingly used world-
wide, there is still a lack of technical standardization,
particularly regarding the extent of myotomy. The
first POEM description implied an 8-cm myotomy
(6 cm esophageal, 2 cm gastric).” This length was
not based on a functional outcome assessment,
but more on a technical assurance that the LES
would be entirely dissected. Being the LES the
crucial site of obstruction, this arbitrary extension
is in contrast with manometric findings describing
its average length of only 3 cm.® Barring type III
achalasia, a short, LES-tailored POEM fulfills the
physiological rationale of relieving the obstruction
with efficacy, avoiding unnecessary submucosal
tunneling and myotomy, and potentially reducing
the risk of complications. Therefore, any myotomy
longer than the actual LES extension (as long as it
is confidently identified) may be unnecessary in type
I and II achalasia. Moreover, there is evidence that
myotomy limited to the LES (<6 cm) may be highly
effective, timesaving, and associated with less post-
operative GERD, yet it is common practice to use
long myotomy in these patients.’>'°

Since no clear definition of ‘long’, ‘standard’, or
‘short’ POEM exists to date, we conducted a system-
atic review and meta-analysis with the aim of clarify-
ing current myotomy length standards during POEM
procedures.

METHODS

This systematic review and meta-analysis was designed
according to the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
(PRISMA) checklist (Supplementary Table 1)
for meta-analysis, following an a priori established
protocol. The study protocol was registered and
accepted in the International Prospective Register
of Systematic Reviews (PROSPERO),'? available at
https://www.crd.york.ac.uk/prospero, (protocol code:
CRD42023406828). No Institutional Review Board
approval was needed.

Search strategy and study selection

We performed a systematic literature search for
published and studies on MEDLINE-Pubmed,
Embase, Scopus, and Cochrane Library. The pri-
mary search strategy was designed using tools

implemented in the above-mentioned databases. For
Pubmed, MeSH terms were included in the search
string. The following keywords were used as MeSH:
‘POEM’, ‘Myotomy’, and ‘Achalasia’. The detailed
search string for all databases analyzed is shown in
Supplementary Table 2. Only manuscripts in English
and studies published in peer-reviewed journals
from January 2008 until April 2023 (cut-off date)
were included. The potential eligibility of articles
was assessed by titles and abstracts. Then, full text
of manuscripts was analyzed, and a final decision
for inclusion was made after a detailed review of
articles. Study selection was assessed by AB, and
the evaluation of full texts of all relevant articles
was performed by AB, EF, and MCF. Disagreements
were resolved by consultation with a third investigator
(EV).

Eligibility criteria

We included observational studies and randomized
controlled trials (RCTs) reporting on technical details
of POEM for achalasia, specifically the myotomy
length. Exclusion criteria were:

® age < 18 years

® not reporting the mean myotomy length or report-
ing mean myotomy lengths of only esophageal or
gastric side

® diagnosing achalasia without high-resolution
manometry

¢ including only patients with non-achalasia
esophageal motility disorders

® comparing different myotomy lengths or with pre-
specified myotomy lengths or with FLIP-tailored
myotomy

® only including spastic (type III) achalasia

® case reports, case series, narrative, or systematic
reviews and metanalyses

® not providing full-text, non-English language
studies, or non-human studies.

For publications involving the same cohorts of
patients, the most recent or largest cohort only
was included. In absence of measures of statistical
dispersion, particularly standard deviation (SD) or
interquartile range (IQR), the study was not included.

Data extraction

Three authors (AB, EF, and MCF) independently
extracted data from eligible studies into a Microsoft
Excel spreadsheet. Following data were extracted:
author, publication year, country, mono-multicenter
nature of the study with number of centers involved,
study design, number of patients, age, sex, achalasia
sub-type (I, II, and IIT according to Chicago classifi-
cation'371%), previous achalasia treatment, previous
botulin injection, previous PD, previous LHM,
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previous POEM, presence of sigmoid esophagus,
anterior or posterior orientation of the myotomy,
mean procedural time, mean post-procedural Eckardt
score, mean follow-up time, mean total, esophageal
and gastric myotomy length, clinical success rate,
reflux symptoms rate, total rate of total adverse
events (AEs), and serious AEs (according to ASGE
Lexicon'”).

Outcomes

The primary outcome was the pooled total length of
the myotomy (in centimeters, cm), including both the
esophageal and gastric sides. Secondary outcomes
were pooled rates of esophageal myotomy length,
gastric myotomy length, clinical success (based on
Eckardt score), total and serious (requiring further
medical intervention during the same admission,
admission to an intensive care unit, readmission,
surgical conversion, or disability!”) AEs, and the
presence of reflux symptoms identifying a clinical
suspicion of GERD.

Outcomes were stratified based on achalasia sub-
types (per Chicago Classification version used in each
study) to perform an a priori sub-group analysis.'3~1°
Further analyses were performed based on geograph-
ical localization, study design (RCT vs. observational,
prospective vs. retrospective), and year of publication
to explore heterogeneity. Particularly, concerning the
study year, a sub-group analysis was performed strat-
ifying studies based on the year (2021) of the first
published RCT comparing short and long myotomy
by Nabi and colleagues,” showing comparable efficacy
of short POEM, to assess if a trend towards short
myotomy adoption was present.

Risk of bias

Two review authors (EV and AB) assessed the risk
of bias by using the Newcastle-Ottawa scale (NOS)
for assessing the quality of non-randomized studies
in meta-analysis.'® According to the score, all studies
were evaluated by three perspectives: the selection of
the study groups, the comparability of groups, and
the ascertainment of the outcome. NOS results were
converted into the Agency for Healthcare Research
and Quality (AHRQ) standards of ‘good’, ‘fair’, and
‘poor’ quality. In particular, since conversion guide-
lines exist, conversion thresholds were considered,
from prior publication,'® as follows: ‘Good quality”:
3 or 4 points in selection domain and 1 or 2 points in
comparability domain and 2 or 3 points in outcome/-
exposure domain; ‘Fair quality’: 2 points in selection
domain and 1 or 2 points in comparability domain
and 2 or 3 points in outcome/exposure domain; ‘Poor
quality’: 0 or 1 point in selection domain or 0 points
in comparability domain or 0 or 1 point in outcome/-
exposure domain. In case of disagreements, resolu-

tion was resolved by discussion with a third reviewer
(FVM).

Statistical analysis

All analyses were performed using statistical soft-
ware Open Meta-analyst (CEBM; Brown University,
Rhode Island, USA), including generation of forest
plots and calculation of confidence intervals (CIs).
Categorical data were expressed as proportions. Pro-
portions were expressed as the total number of events
on the total number of patients and computed as
raw proportions or natural logarithm proportions.
Continuous variables were expressed as mean plus
standard deviation (SD). Studies providing median
plus range with reference to maximum and mini-
mum of the whole distribution, were still included
prior estimation of mean and SD following Hozo
formula.?’ Studies managing non-normal distributed
data and providing median and interquartile range
(IQR), were included in the pooled analysis prior to
estimation of mean and SD using the Shi and Luo
method”!-??: first, the skewness from normality was
assessed as suggested by Shi et al.>® If the distribu-
tion resulted in not significantly skewed from nor-
mality, mean and SD were estimated as suggested by
Luo et al.?> and Wan et al.,** respectively. If the dis-
tribution resulted significantly skewed from normal-
ity, the study was excluded from the pooled analysis.
The meta-analysis was conducted without taking into
account data homogeneity, setting a CI of 95% for
all measures. The homogeneity of effect sizes among
pooled studies was assessed with the I? statistic and
Chi-Square test (x2). According to Higgins et al.,”> I
was interpreted as follows: insignificant heterogene-
ity if for I? 0%-25%, low heterogeneity for I? 25%—
50%, moderate heterogeneity for 1> 50%-75% and
high heterogeneity when 1> was >75%.%° Fixed or
random effects were applied according to values of
heterogeneity in each analysis (<50% or >50% values,
respectively). The random effects model described by
DerSimonian and Laird was used for all analyses.
Sensitivity analyses by a priori subgroup analyses for
different variables were performed to explore data
heterogeneity source, and leave-one-out analyses were
explored to identify each study weight on each effect
measure.

RESULTS

Characteristics of studies and included patients

From the initial 7172 records, upon applying exclu-
sion criteria, a total of 25 full articles were included.
Of those, six provided results on the primary outcome
in separate subgroups and were therefore included
as separate studies. Overall, data from 31 cohorts
were analyzed.”?°* The complete flowchart of the
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Fig. 1 Flow diagram of study selection according to the preferred reporting items for systematic reviews and meta-analyses.

systematic review according to PRISMA guidelines
is depicted in Fig. 1. Of the 25 full papers included,
11 studies were performed in Eastern countries (1848
patients); 11 studies were based in Western countries
(804 patients). Four studies were multicentric, while
the remainder were monocentric. Seventeen had a
retrospective design, two were RCTs, and six were
prospective studies. Study characteristics are summa-
rized in Table 1.

The 31 different cohorts’ studies reported outcomes
of 3023 patients treated with POEM for esophageal
achalasia. Median follow-up time was 45 months
(IQR 24-65). In the whole population, 51.9% were
men, and the mean age was 49.4+8.0 years. The
presence of sigmoid esophagus was reported in
12 studies (146/1139, 12.8%). Manometric sub-
type according to Chicago classification'* !> was
reported in 27 studies (2495 total patients). The
most frequent manometric subtype reported was type
IT (1685 patients, 67.5%), followed by type 1 (577
patients, 23.1%), while 249 patients (9.9%) had type

IIT achalasia. Four studies (477 patients, 19.1%) did
not specify the achalasia subtype. Of 2739 patients (25
studies), 755 had received at least one prior treatment
(27.5%): LHM in 77 (2.8%), PD in 449 (16.3%),
prior POEM in 15 (0.5%). The mean procedural time
(reported by 24 studies) was 73.6 +29.7 minutes. In
12 studies (674 patients), orientation of myotomy was
specified. Anterior approach was used in 281 patients
(41.6%), 384 posterior (56.9%). Procedural patient
characteristics of each study are provided in Table 2.

Quality and publication bias assessment outcomes

Concerning 25 included full papers, the mean NOS
score was 4.5 (range 3-7). Overall, 13 studies resulted
in poor quality,27-29-30,33,36-39,43,45,46,48.49 ¢ sty dies of
fair quality,?6-2%:31:34.41.47 and the remaining 6 stud-
ies of good quality.’-32:33-40:42.44 Only three studies
reported of good quality were retrospective analyses,
while one study was a multicenter prospective clinical
study, one study was monocentric prospective study,



5

2
-
2
H
@
]
£
s
®
£
2
£
o
Z
£

Standard length of POEM for achalasia

Diseases of the Esophagus

-a3uel orenbiojur “YOJ ‘oinssord uonexear [BISAUL JY] eI PO[[ONIUO0D PIZIWOPUELI ‘L)Y {UOIRIASD pIepuels ‘gs

L @89 VN  0NFOd O:AH T€:ad ¢l od  (6'7€) 6¢€ MRS B IS v o8y (L'09) 89 TIl dmudoniny 10 fuewen  610C QLEEREIREINY
6 aTors VN  0WHOd 0:NH 9T :dd ¥ 10d  (9°T¢€) 0€ ¥ IIL 29 °II 6T 1 ©1DLLe 8k 9 S6  Iue0oBulg  Andadsonay eulyD  L10T Te 10 SueL
8P [6-9] 8 uBIpay VN 0:NHOd CINH T:ad 030d  (1'9D)S VN I ‘YN “II ‘YN 1 @y 9vy  (€8p)SI [€ Ioueooulg  eanoadsomoy nizerg  610C Te 39 seLre]

[LL-61]
Ly [e1-¥]T°L uerpay VN  ['INFOd [IWH 0T :dd 01 30d  (9°L7) ¥¢€ LTII06°TI°9CT  €E€pUeIpOIN  (L'8Y) 09 €1 IuLoo[Sulg eAndadsonay BUIYD  TT0T T Te 10 Suem
[cs-81]
Ly [c1—¥] L werpay VN  SNAOd 6NH 19:dd L H0od (€61 TIT  8€ I STH IL€ITT  L'ShuelpaN  (0°¢h) 6¥C 6LS 10U Q[EUIS  dAndadsonay BUIYD  TTOT [ e 10 Suem
9% [9-+] ¢ uerpay Q11 €€ VN VN 185 01 A 3E A | (TTn esy 0)0 Oy IuLooEurg  eanoadsonoy eurg) 00T [ LEER'
9% [Ts—L¢ls uepay (Lon 18c VN VN 0111 °9€ “I1 ‘T 1 @D 6y (001) 8¢ 8¢ Iquaodulg  eandadsomay 'BUIYD  0T0C [ e ny
[ss—21] [69-—cal TeR
Sy [c1-8lor weIpaN  ¢'gT ueIpay 0:NHOd $TAH T :dd € 1od (02) 6 6T ‘YT I TIT  SShuepaN  (5°6€) 91 Sy I0uad J[FuUIg aanoadsorg 00N 610T UQBRIPUOIN
ueder ‘Suoy]
SuoH ‘02210 z
24 [6-L] 8 ueIpay VN VN VN 1T Th T @QDTIS  (9°68) ¥E LS ToyuRonmp oanoodsord  eouBL] VSN 0TOT B39 UBIUEYY]
uede[ ‘Suoy]
SUOH ‘900010 1
22 [6-9] 8 uBIpay VN VN VN 8 “TIT “€€ “II €1 1 aoecs (@) se pS  Ioyuednny oanoadsord  eouBL] VSN 0TOT B39 UBIUBYY]
[8'8¢-9tl loL—cl
¢ [€6-89] 8 UBIPAN  6°¢€ URIPIA VN VN ¥ I00°6€ 1T °L T Ly UBIPIN (8%) ¥T 05 I0uad J[3uUIg aanoadsord KemIoN  120CT T& 19 UBSUOAT]
It EO19 (€9 Se€r  0NHOd STAH 61 :Ad ¥ 30d  (S+¢€) 0T € °TII “P€ “I1 91 1 E€vDyIs  (L19)0¢ 85 I0juad d[SuUIg aanoadsold arodesuls  10¢C Te10 yaL,
[ss—o¢l
T g6 VN 0:NHOd 0:AH 0:ad 0 30d  (9°1S) T€ (A VA | 65 UBIPIIN  (6'TH) 9T 79 IueooEurg  eanoadsonoy vsn  810T Te 39 BB
[cL-s1l
or [c1v] 8L uepay VN  OWHOd €INH #1:Ad € 70d  (8'TL) € VNI 'VN:IL'VN'I  9'¢p UelpaN  (I°€S) LI 7€ To1ued d3uIg aAnadsord eulg)  $10T Te 1o nyg
6¢ VN VN 0:NJOd [INH $9 :dd LT 309 (S°9p) €6 81 “III “TL 1 ‘8T I (69D €Ly (S°09) 69 pI1 100 0[5ulg  2Andadsonay fuewron 8107 Te 10 1seN
[ceL—88pl
8¢ [6-¢] L uerpay VN 0:NAOd 0:'WH 0 :Ad 0 109 0o STI69M ‘TH: T §LSUBIPAIN  (T'€S) I8 TST  10)Ud J[3uIg aAnadsord vsn  810¢ Te 10 eleyg
[sroe-L¢1] l6L-0L]
LE [8-—+] 9 uerpay S$'TC  0'NHOd v'IH Iz ad 1z3od  (0'1€) LI 1T L€ T L URIPIN (001) S§ S¢  IueodSulg  eAndadsonay VSN 0T0T T 'Ie1e eyeues
[cve-1¢1l [8s—¢tl
LE [8-] L ueIpay 6'CC 0:'NAOd 9TAH 6v ‘Ad Tl 20d  (T°TE) 0 0T <IIT “S¥ 11 “6T I TS UeIpIN (001) €6 €6 I oEulg  dAnadsony VSN 020T 1 °[e3e eyeues
[es—ocl
9¢ [1-¢€] 8 uerpay VN  0‘WA0d ['INH 9 :Ad 01 204 (THh) €T 6 “TIT b€ 11 °6 °1 ssuepaN  (1'8) §T 7S I0uad d[Surg aanoadsorg vsn - SI0T Te 32 Suex
[c9-9¢] eury) ‘uedef
S¢ [6-9] 8 ueIpaIn [ce-81lLc  0NAOd O:AH 0T :Ad § dod  ($T€) ST PT IIT°8S (1L °S T IS UeIpAN  (8°SS) €F LL  TOYURIDMIA 109 91D VSN 0T0T T ‘Te 19 qeyseyy]
[99-z¢l eury) ‘ueder
S¢ [6-9] 8 uBIpaN [9g-021 87  0'NHOd 0NH 81 :Ad L 3od  (T'S€) §T 0T <IIT ‘8% :I1 €1 I psuelpaN  (1°CS) LE [L 10U 109 021D YSN 0T0T 1 °[e 39 qeyseyy
43 6DIL VN  SNAOd #INH 9€ :dd Tz 0od  (€°£22) SL VN I ‘YN “II ‘YN T @Dy (I9p) LTl GLT  IuL0o[Eulg  eAndadsoney eurgy 610 T e nry
43 61DTL VN SINAOd vNH 9€ :Ad 17309 (b%0) b€ VN I VN -IT ‘YN T (woyzor (L9 s9 6€1 o0 o[Sulg  2Andadsonay eurg) 6107 [ Tenry
[L8e—T vl [cs—¢o¢l e
€€ [8-9] L uerpowr /e wRIPAIN  0:!INHOJ 0:NH 01 :dd 0 0d (02) 01 PI8E 8T S T URIPIA (29) 1€ 0S IuedoBulg  Andadsonay 'IPUL  0Z0C pndwedres
43 €D9L [8)9LC  OWNAOd CINH I :dd T0d (45T LI ¥ II1°0S “IT €T -1 espLror  (L€s)9e L9 IueooFurg  eandadsomay eulgy  L10T Te 10 onn
13 (VN 0'8 VN  $#NHOd tINH 0T :Ad L 109 (€°0€) ¥€ THILEY I Ly T WeD sy (€599 TIT 10U 9[Eurs  dandadsonsy rUIYD  [T0T Te 10 niQ
0¢ wnrs  (Teosee 0:NHOd 0:AH 0 :ad 0 0d 00 6 “TI1 ‘89 “I1 0T T wners LS os L8 U0 QEulg  eanoadsonay VSN Te0T Te 39 MMRA
[es-81]
8T [c1-6] 9 werpay VN 0:N9O0d 0:AH € :dd T 09 [CX902Y [ TEIT0 T 9g ueIpAIN  ($°29) 0T € NN eAndadsonay Arfea  L10T TR0 9redsed o
6 lo1—¢l €9 uerpay VN 0:NHOd #INH 6 :ad § 20d  (1°8S) 81 9 “TIT ‘81 “I1°L 1 (VNS (T19) 6l [€ I o[Eulg  2Andadsonay vsn - 810T Te 10 BARYSIY
LT VN VN VN VN LTI YT P1T TrenDeor  (s59)91 Sy IqueddBulg  eandadsonay 'BUIYD  $10C ‘Te 1 udy)
9T €0¢€9 (9L)L'TT  SINFHOd ¥'INH 9¢€ :dd Tz 0d  (S'eb) 68 ITIT6II68 T (essD ey (9Lb) €6 S61  ToyuddnmA  dAndadsoney AL ‘IO 610C Te 10 Suey)
(401 “d8uex (as) 4d1 (%) u
10 (0S) ey Jurpdseq ‘Juaun)eax) (@s) uesw (%) u pasfoAur
Py JuUI[ISeq UBIJA] UBIAl *U ‘yuounedn) jo adLy, SNOIAdIJ u ‘ad£)qns eise[eyoy a3y Qe (W) sid SIYUI) ugisop Apms Anuno) hL5) ¢ Joyny

SOIPN)S PAPNOUT Y} JO SONISLIAILILYD durjaseq [ dqeL



2
z
2
8
o
®
c
=)
®
=
2
£
]
£
£

Diseases of the Esophagus

6 Diseases of the Esophagus

"9[qe[IeAR 10U YN -o8uel o[rirenbiajur ‘YOI ‘UONBIASD pIepuels ‘S

VN VN VN VN (e sl VN VN 48! 610 TE 10 TSUIOM

(WN) 1°L9L (T2 8°6S 1nec (€)69 9¢) 66 VN VN 6 L10T ‘Te 39 ‘Sue],

S9¢ Ammc N.am Lo Le @ToLL Toern (001) 1€ o o I€ 610¢C e 19 ‘serrey
0L1-TT

S TUY TELL o.vmﬁcm%@j (9061 (v es av 1. VN VN €Tl [adiré T T8 Suepy
081-LI

(S°LTh) €S1L S’ URIPAN Loc aars 61DT1L VN VN 6LS 70T I Te 10 ‘Suemy

VN VN VN VN CoTI1 VN VN ot 0202 T e Ny

VN VN VN VN @601 VN VN 8¢ 0202 [ICRER 1D

(VN $9¢ [LL-L€] ps veIpay VN VN (seer 00 6 (08) 9¢ Trins SP 610C ‘e 39 ‘UQSeIPUOIN

(9$1) 0£L [L01-9%] $9 uerpan (12087¢ WoOTL (€otvor (001) LS o VN LS 020T T 'Te 39 ‘uBIURYNYO[

(L0D) 0€L [To1-6%] mw EEJ €De QDL (€0 801 00 001 +$ VN S 0202 I 'Te 39 ‘uerueyyyo[
S81-0¢1

(VN $9¢ €S UBIPON VN VN (CXOER 00 (001) 0S (€816 0 120T e 19 ‘uasuaAyg

(VN $601 (r+S) €°LET VN VN 0811 (Loozn (€°6L) 9% Tvo w1 8¢ 10T Te 39 YaL,

(VN $9¢ ﬁ& QR_ VN VN (80 sL (001) 29 00 Qs 9 810¢ e 19 ‘eyoeq
0€1-TC

(0ST) 006 L'€9 URIPIN (09T (K] wneor (0o1) T¢ 00 (0om) ¢ 43 ¥102 Te 19 ‘nyg

VN [L'2€] 8901 ueIpay VN VN 99601 VN VN 1At 810C T8 19 9SeN

VN [p11-LL] o_m QNEQJ T0o6¢ &o0s (€06 VN o 49! 810¢C Te 10 ‘eley
011-5°L9

[c8-L9] 1L werpay 06 UBIPIA Tov ToT1s (5056 VN VN 89 020T T '[e 10 ‘eyeues

(€°8L) 89 [p11-pL] wmﬁeoj T0o6¢ &os (€06 VN VN €6 020T [ 'Te 12 ‘eyeues
[ Aty

(VN 0g 9'06 UBIPIA o e 1ol Forer VN VN 43 S10T Te 19 ‘Suey

VN [601—¢¥] L9 uerpay T 6T oL (z0) o1 (001) LL 00 091D 6 LL 020t T 'Te 19 ‘qeyseyy

VN [001-9¥] 66 ueIpa T 6T oL o) 1ol 0o (001 1L (€€no9 1L 020 [ 'Te 39 ‘qeyseyy]

(89) 09TT [0£-9¢] 05 werpay (€0 17T @18 @®nzor VN (T €¢ SLT 610 [ACEEN S|

(89) 09T1 [92-9¢] 0§ ueIpa N &0 1T (8158 81901 VN 1D 91 6¢1 610 [ Te3 ‘nry
[cov—2 0¢l

VN 8¢ UBIPOIA (08T ToLL oL (08) Ot (02) 01 VN 0S 020T Te 30 ‘tpnduredresy

82 10¥ Lso) ey VN VN € Lol VN VN L9 L10T e 19 ‘onn
[€'09-8s¢]

(621) SL6 S'Gp URIPOIA VN VN Gozrr VN VN 41! 120C ‘Te 190 ‘n1d

(99)91¢ : <J VN VN 62 L6 (S¢L) 9 (19D ¥1 VN L8 720 Te 19 ‘Mmmad
P11-C€

(5952 T6L ¥'€9 URIPIIA ©0¢ T1es (80 LTT VN VN 43 L10T Te 39 9[edsed o

(VN 88¢C VN VN VN &L VN VN 1€ 810 T8 19 ‘BARYSIY

VN VN VN VN 196 VN VN St ¥10C ‘Te 39 ‘uoy)

(£°652) 8'88C VN VN VN T2 68 VN (L8) LT S61 610 Te 39 ‘Suey)

ucm‘—uamcm .—cm‘—oa=<
(401 “93uex (@s) o (@s) wo ‘p3udy (%)
10 (IS) sAep ‘oun (YOI “98uer 10 0S) ‘q)3ud] AwoyoLw N (TN (@s) wo “y3udp u ‘sngeydosd
dn-mofjoy ueay uru ‘Quup) [eInpadolg JLsen) [edseydosy Awojofw [B)o], U ‘UON)BIJUILIO AWOJOATA] prowsis (u) s1d 18X oypny

SOIISLIDJORIRYD [BINPADOIJ T dqe],



The International Society for
M Diseases of the Esophagus

Standard length of POEM for achalasia 7

and two were RCTs, the only studies scoring one point
for reporting comparability of cohorts on the basis of
the study design. The detailed NOS/AHRQ score is
reported in Supplementary Table 3. Publication bias
was assessed for every study cohort analyzed. At the
publication bias assessment for the primary outcome
of mean myotomy length, no publication bias was
detected between the included studies, with an Egger
test score of 1.2 (P =0.2). A funnel plot of publication
bias assessment for the primary outcome is shown in
Supplementary Fig. 1.

Study outcomes concerning myotomy characteristics

The pooled mean total length of myotomy was
10.41 cm (95% CI 10.05-10.76; 17 99.4%), reported by
all studies (Fig. 2). The pooled means of esophageal
and gastric myotomy lengths, provided by 17 studies,
were 7.05 cm (95% CI 6.46-7.64; 1> 99.8%) and
2.91 cm (95% CI 2.50-3.33; 1> 99.8%), respectively
(Supplementary Fig. 2). The heterogeneity was not
found to arise from a single study after performing
leave-one-out analysis for both primary and sec-
ondary outcomes (Supplementary Fig. 3). At the
subgroup analysis for achalasia subtypes, pooled
mean length in non-spastic achalasia type 1 was
10.11 cm (95% CI 9.68-10.53; 12 92.7%), in type 11
attested at 10.59 cm (95% CI 10.33-10.85; I? 96.4%),
while in spastic type III resulted in 14.12 cm (95%
CI 10.97-17.27; I? 99.8%) (Supplementary Fig. 4).
The myotomy lengths in different achalasia subtypes
are summarized in Supplementary Table 4. On sub-
group analysis based on study design, the mean
pooled total myotomy length in RCTs was 10.43 cm
(95% CI, 10.15-10.70; 17 97.1%) and in observational
studies was 10.38 cm (95% CI, 9.85-10.91; 1> 99.7%).
Based on design, in retrospective and prospective
observational studies, it was 10.06 cm (95% CI 9.34—
10.78; 12 99.4%) and 11.21 cm (95% CI, 9.98-12.44;
17 99.4%), respectively.

At a median follow-up of 29 months, in 18 studies,
the pooled clinical success rate was 91% (95% CI
88.9%-93.2%; I*> 67.2%) (Supplementary Fig. 5),
while the pooled rate of post-POEM clinical reflux
was 26.2% (95% CI 21.0%-31.3%; I*> 89.5%)
(Supplementary Fig. 6). Based on study design, RCTs
reported a pooled clinical success rate of 88.3%
(95% CI, 84.5-92.4; 1> 0%), while retrospective and
prospective cohort studies both showed a pooled
clinical success rate of 91.5% (95% CI, 89.1-93.9;
I? 58.5%) and 91.5% (95% CI, 86.6-96.6; 1> 71.3%).
The pooled rate of reflux symptoms for retrospective,
prospective, and RCTs was 19.5% (95% CI, 13.9-
27.5; 12 92.1%), 30.6% (95% CI, 22.5-41.5; 1> 75.7%),
and 42.8% (95% CI, 36.8-49.8; 17 0%), respectively.
AEs were reported in 19 studies, with an overall
pooled rate of 16% (95% CI 12%-19%; I? 91.5%).
Severe AEs pooled rate was 1.2% (95% CI 0.6%—1.9%;

I? 14.2%) (Supplementary Fig. 7). Retrospective,
prospective, and RCTs showed pooled AEs rates of
11.8% (95% CI, 7.5-18.3; 12 91.8%), 30.9% (95%
ClI, 21.0-45.4; 12 82.4%), and 10.4% (95% CI, 7.3
14.9; 17 0%). Descriptive post-procedural outcomes
are summarized in Supplementary Table 5.

Geographic trends

No geographical difference was observed: in West-
ern countries (11 studies) mean myotomy length was
10.70 cm (95% CI 9.99-11.41; 1> 99.4%) (Fig. 3A),
while in Eastern countries (11 studies) mean myotomy
length was 10.07 cm (95% CI 9.04-11.01; 17 99.4%)
(Fig. 3B). Data on total myotomy length were avail-
able from nine different countries, either eastern or
western. China was the most represented country with
eight studies; the United States had 6. Details of
myotomy lengths in different countries are summa-
rized in Supplementary Table 6.

Temporal trends

Looking at the temporal trend regarding the primary
outcome, pooled myotomy lengths were analyzed per
year of publication and divided into subgroups of year
spans. The first article included in the meta-analysis
dated to 2014, while the latest to 2022; therefore, an 8-
year time span was considered. At a per-year analysis,
in 2014 (two studies) reported a pooled mean total
myotomy length of 9.90 cm (95% CI 9.18-10.62; I
74.02%), in 2015 (1 study) it was 13.10 cm (95% CI
12.44-13.76), in 2017 (3 studies) 10.82 cm (95% CI
9.73-11.91; 12 92.95%), in 2018 (4 studies) 10.01 cm
(95% CI 8.59-11.52; 1> 99.4%), in 2019 (6 studies)
11.03 (95% CI110.12-11.93; 17 97.3%)), in 2020 (9 stud-
ies) 10.14 cm (95% CI 9.85-10.42; 12 97.7%), in 2021
(3 studies) 11.41 cm (95% CI 11.17-11.66; I? 78.8%),
while in 2022 (2 studies) it was 7.95 cm (95% CI 6.34—
9.57; 12 96.9%). Pooling studies published before and
after 2021, the year of the first trial of Nabi and
colleagues on short versus long myotomy comparison,
the mean total myotomy length was 10.53 cm (95%
CI, 10.22-10.84; 17 99.1%) until 2020, while it was
9.74 cm (95% CI, 7.95-11.54; 17 99.7%) in 2021-2022
(Supplementary Fig. 8). The complete temporal trend
of total myotomy length in POEM is shown in Fig. 4.

DISCUSSION

Our systematic review and meta-analysis focused on
current myotomy length standards during POEM. As
we only included studies performing an “‘uncontrolled’
POEM in terms of length, we propose that the
pooled mean total myotomy length of 10.4 cm,
demonstrated in our study, should be considered
the ‘standard” POEM length in clinical practice.
Another relevant finding is the high heterogeneity
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Fig. 2 Pooled mean total myotomy length.

(I?: 99.3%) of the total myotomy length across
studies, which emphasizes a lack of consensus, thereby
confirming that POEM technique requires further
standardization.

The initial POEM description by Inoue implied an
8-cm myotomy (6 cm esophageal, 2 cm gastric).” As
in achalasia, the crucial site of obstruction is the LES,
the somehow arbitrary extension of the myotomy
is in contrast with manometric findings showing
that the average normal LES extension is around 3
cm.® If it is ascertained that, concerning manometric
achalasia subtypes, for type III pattern a longer
myotomy involving the whole extent of spastic muscle
is required,’’ from a pathophysiological perspective
to expand the myotomy to healthy muscle way above
the LES is debatable.’> Notably, our results reveal that
the mean total myotomy length remains over 10 cm
in non-spastic (type I and II) achalasia, where such
extension finds no physiological explanation. This
finding is particularly relevant in the context of recent
evidence advocating for shorter POEM procedures
in this setting. Nabi ez al. conducted the first trial
including type I and II achalasia patients, randomly

Pooled mean myotomy length

assigning half to very short myotomy (3 cm) and
half to longer myotomy (6 cm and above). At one
year, both groups showed similar clinical success,
AEs, and GERD rates (41% vs. 51%).° Gu et al.,
in another randomized trial, compared standard
myotomy (10 cm) to short myotomy (mean 5.6 cm)
in type Il achalasia, demonstrating comparable
treatment success (96% vs. 94%). The short myotomy
group exhibited reduced postoperative abnormal
acid exposure (23.9% vs. 43.8%, P=0.042) and
shorter procedure times (31 minutes vs. 46 minutes,
P <0.05).>> More recently, Familiari et al. random-
ized 200 patients, half to long myotomy (13 cm), the
other half to shorter myotomy (8 cm), finding no
significant differences in clinical success or GERD
rates at 6- and 24-month follow-ups, emphasizing the
non-inferiority of short POEM.'°

Our study revealed high heterogeneity (I12: 99.3%)
concerning total myotomy length, the primary
outcome of our study. This represents itself a major
study finding, meaning that POEM procedural
standards are highly heterogencous across cen-
ters, but it also prompted exploration of potential
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Fig. 3 Geographical sub-group analysis of myotomy lengths: western countries (A) and eastern countries (B).
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Fig. 4 Timeline for trend in myotomy lengths in POEM studies from inception to 2022.

contributors. Leave-one-out and subgroup analyses
for study design did not explain such heterogeneity.
Neither the geographic subgroup analysis could
identify substantial differences between Eastern and
Western countries, as we included demographically
different cohorts (Asian vs. Caucasian) with inherent

differences in esophageal length related to average
subject height.

Moreover, our temporal trend sub-group analysis
suggests a lack of significant progress towards
implementation of short myotomy over time. The
pooled mean myotomy length for studies conducted
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between 2014 and 2020 was 10.53 cm (95% CI, 10.22—
10.84; 17 99.1%), and no significant decrease was
observed in studies in 2021-2022 (after publication
of the first RCT showing comparable efficacy of a
short myotomy”), as it still attested at 9.74 cm (95%
CI, 7.95-11.54; I? 99.7%), with largely overlapping
95% CIs. We noted the shortest lengths in the
latest studies (2022), with a mean pooled length
of 7.95 cm, possibly suggesting an only recent
shift towards short myotomy adoption, yet future
studies are necessary to confirm this observation.
The reluctance to adopt a shorter POEM despite
emerging evidence supporting its efficacy and safety
highlights a gap between evolving research find-
ings and clinical practice. Short myotomy may be
beneficial as it may avoid unnecessary submucosal
tunneling and myotomy, potentially reducing the risk
of intraprocedural (bleeding, perforation) and long-
term (GERD and ‘blown out myotomy’ [BOM], i.c. a
pseudodiverticulum of the distal esophagus caused by
myotomy-related wall weakening) complications.’”>*
In conclusion, the absence of a clear trend suggests
a reluctance to change in the accepted norms of
myotomy length, even in the face of evolving evidence
supporting short POEM, warranting further studies
on factors influencing technical decisions.

Our study, while contributing substantially to the
clarification of POEM current standards, acknowl-
edges certain limitations. Almost all studies included
were retrospective cohort analysis with a lack of stan-
dardization in clinical outcome assessment, despite
the fact that those data were not the primary outcome
of the analysis. Consequently, meta-regressions with
the identification of clear correlations between
different myotomy lengths with reflux symptoms,
erosive esophagitis occurrence, or abnormal pH-
metry results were not performed. Therefore, clin-
ical implications based on the primary outcome
(myotomy length) could not be explored, but future
studies are warranted. Furthermore, inter-study
heterogeneity assessed resulted relevant and non-
completely explainable with leave-one-out analysis or
sub-group analysis performed, probably due to sub-
stantial heterogeneity of cohorts in different studies,
from baseline characteristics to outcome definitions
and assessment. Nonetheless, as above stated, the
heterogeneity between studies describing the same
procedure for the same disease could easily reflect the
substantial disagreement and lack of standardization
on POEM technique and its pathophysiological
downsides, strengthening de facto the purpose of our
meta-analysis. Lastly, there may have been an inherent
bias towards including studies with inappropriately
‘long’ myotomy, often exceeding 10 cm. This may
have arisen because studies comparing different
myotomy lengths, adopting pre-specified myotomy
length, and FLIP-tailored myotomy were (in our
view appropriately since the main study aim was

to identify a ‘standard® POEM length) excluded
from the analysis. Consequently, our findings may
not have fully represented current technical POEM
trends.

In conclusion, our meta-analysis found that the
standard myotomy length during POEM for achalasia
in clinical practice is 10.4 cm. The persistent use of
long myotomy in type I/II (non-spastic) achalasia,
the high heterogeneity observed, and the reluctance
in adopting short POEM despite recent evidence sup-
porting efficacy and safety of this approach, highlight
the need of procedural standardization. Consensus
guidelines focusing on POEM technical details are
needed.
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