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Background: Esophageal achalasia (EA) is a rare esophageal motility disorder in children. Laparoscopic Heller
myotomy (LHM) represents the treatment of choice in young patients. Peroral endoscopic myotomy (POEM)
is becoming an alternative to LHM.
The aim of this study is to evaluate the effectiveness, safety, and outcomes of POEM vs LHM in treatment of
children with EA.
Methods: Data of pediatric patients with EA, who underwent LHM and POEM from February 2009 to December
2013 in two centers, were collected.
Results: Eighteen patients (9 male, mean age: 11.6 years; range: 2–17 years) were included. Nine patients
(6 male, mean age: 10.7 years; range: 2–16 years) underwent LHM, and the other 9 (3 males, mean age:

12.2 years; range: 6–17 years) underwent POEM procedure.
Mean operation time was shorter in POEM group compared with LHM group (62/149 minutes). Myotomy was
longer in POEM group than in LHM group (11/7 cm). One major complication occurred after LHM (esophageal
perforation). No clinical and manometric differences were observed between LHM and POEM in follow-up.
The incidence of iatrogenic gastroesophageal reflux disease was low (1 patient in both groups).
Conclusions: Results of a midterm follow-up show that LHM and POEM are safe and effective treatments also
in children. Besides, POEM is a mini-invasive technique with an inferior execution timing compared to LHM. A
skilled endoscopic team is mandatory to perform this procedure.

© 2015 Elsevier Inc. All rights reserved.
Esophageal achalasia (EA) is a rare, chronic and progressive motility
disorder, manometrically characterized by absence of esophageal
peristalsis and incomplete or absent relaxation of the lower esophageal
sphincter (LES) [1].

Pediatric achalasia is oftenmisdiagnosed andmay result in debilitat-
ing symptoms and failure to thrive.

The estimated incidence of EA in children is 0.11 per 100,000,
without racial or gender predilection [2]. Although clinical, radiological
and endoscopic results may raise the suspicion of EA, the definitive
diagnosis depends on esophageal manometry.

Laparoscopic Heller myotomy (LHM) is the recommended proce-
dure for adults with EA, while medical treatments and/or endoscopic
esophageal pneumatic dilations are usually reserved for those older
than 45 years and with high surgical risk [1].
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Peroral endoscopic myotomy (POEM) is a minimally invasive
procedure, that has been recently developed and introduced in clinical
practice for the treatment of EA in adults [3–5].

POEM combines the benefits of an endoscopic procedure with the
long-term efficacy of a surgical myotomy. Preliminary studies demon-
strated that POEM is associated with a low rate of complications and a
good effectiveness at midterm follow-up [6].

Up to now, isolated cases of childrenwith EA have been treatedwith
POEM, with excellent results at short-term follow-up [7,8].

The aim of this multicenter study is to compare the perioperative
outcomes and clinical efficacy of POEM and LHM for the treatment of
EA in children.

1. Patients and methods

Eighteen pediatric patients with EA, who had undergone LHM
or POEM between 2009 and 2014, were retrospectively identified
from the prospectively collected databases of two tertiary referral
centers: Bambino Gesù Children’s Hospital (Digestive Surgery and
Endoscopy Unit) and Gemelli University Hospital (Digestive Surgery
and Endoscopy Unit).
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Preoperatively, barium X-ray series, esophageal manometry and
upper endoscopy were performed.

The Eckardt score systemwas used for the clinical evaluation before
and after both procedures [9].

Since the introduction of POEM at Gemelli University Hospital in
2012, patients with EA and their parents were informed regarding
the two available options (LHM and POEM) to freely decide which pro-
cedure to choose.

The surgical treatment (LHM) was performed in 9 patients (mean
age at surgery: 10.8 years; range: 2–17 years) by the same team of
three surgeons at Bambino Gesù Children’s Hospital; while a single
endoscopist performed POEM at Gemelli University Hospital in the
other 9 children (mean age at POEM: 12.2 years; range: 6–17 years).

1.1. Laparoscopic Heller myotomy (LHM)

The patient is placed in the supine position and 4 trocars (one trocar:
10 mm; 3 trocars: 5 mm) are inserted in to the abdomen under direct
visualization.

The esophagogastric junction is exposed for 6–8 cm proximally and
the myotomy is performed longitudinally for a minimum of 6 cm, using
a blunt dissector and scissors.

To prevent burning or perforation of the esophagealmucosa, the use
of hook cautery or cautery scissors was avoided.

To exclude small esophageal perforations, air is inflated into the
stomach using a nasogastric tube while a sodium chloride solution is
introduced into the abdomen. An esophageal perforation is detected
when bubbles can be seen into the abdomen.

The procedure is completed by performing a Dor fundoplication.

1.2. Peroral endoscopic myotomy (POEM)

POEM procedure is performed according to the technique described
by Inoue et al [10] in 2010. Broad spectrum antibiotics (usually a
Fig. 1. POEM procedure. A) Mucosal incision. Esophageal submucosa is injected with saline
themuscular layer. Submucosa is colored in blue. C) The submucosal tunnel is extended from th
is intact. D) Myotomy begins about 3 cm distal to the mucosal incision and it is extended until
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cephalosporin or amoxicillin) are administered preoperatively.
An upper endoscopy is performed using a high-definition endoscope
(GIF-H180J; Olympus Tokyo, Japan) with carbon dioxide (CO2)
insufflation. The esophageal mucosa is cut on the anterior wall using
an endoscopic cautery knife (Triangle-tip knife, Olympus), approxi-
mately 10–12 cm above the esophageal gastric junction (Fig. 1A). After
the mucosal incision is completed, the esophageal submucosa is dissected
using a spray coagulation current (VIO300D, ERBE Elektromedizin GmbH,
Tubingen, Germany) (Fig. 1B). A long tunnel is created in the esophageal
submucosa extending from themucosal incision to 3 cm along the anterior
gastric wall (Fig. 1C). The esophageal muscular layer is exposed and cut
through the submucosal tunnel. Themyotomy includes the circularbundles
of themuscular layer andextends for 2–3cmup thegastricwall (Fig. 1D). At
the end of the procedure, the mucosal incision is closed using endoscopic
clips (EZ Clips, Olympus). Twenty-four or 48 hours after myotomy, an
upper endoscopy under general anesthesia and a gastrografin esophageal
study are performed to exclude mucosal tears or leaks; then patients are
fed a soft diet.

1.3. Follow-up, data collection and analysis

Demographics, data on the clinical history and the results of preop-
erative studies (upper endoscopy, barium swallow and esophageal ma-
nometry) were collected from the medical charts and the prospective
databases, recorded and compared.

Information on the perioperative outcomes, including procedure
time, length of myotomy, perioperative complications and length of
hospitalization, was analyzed.

After the procedures, patients underwent a rigorous follow-up.
Esophageal manometry was repeated after 6 months.
The onset of gastroesophageal reflux disease (GERD) was detected

by pH-monitoring and upper endoscopy, 6 months postoperatively.
The Eckardt score was used to evaluate the clinical efficacy of the

procedures during follow-up.
solution and indigo carmine. B) Submucosal dissection. On the right side of the figure,
e mucosal incision to the anterior gastric wall. Themucosal layer, on the left of the figure,
the anterior gastric wall.
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Fig. 2. Preoperative and postoperative Eckardt score in LHM group and in POEM group.
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Therapeutic failure was defined by a value major than 3.
Ethical approval for this study was obtained from our ethics board

(protocol number: 255 LB).
Informedwritten parental and patient consentswere acquired before

performing upper endoscopy, esophageal manometry, pH-monitoring
and surgical or endoscopic procedures.

1.4. Statistical analysis

Student’s t-test for unpaired samplewas used to comparemean pro-
cedure time, length of myotomy, length of hospitalization, preoperative
and postoperative lower esophageal sphincter (LES) pressure between
the two groups of patients.

Student’s t-test for paired sample was used to evaluate preoperative
and postoperative LES pressure of patients in each group.

Wilcoxon rank sum test andWilcoxon signed rank test were used to
compare preoperative and postoperative Eckardt score between the
groups and in each group, respectively.

A p value b .05 was considered statistically significant.

2. Results

In the last 4 years, a total of 18 children (M:F = 9:9; mean age at
EA treatment:11.6 years; range: 2–17 years) with a diagnosis of EA
were treated.

Since 2009, 9 patients (M:F = 6:3; mean age at surgery: 10.8 years;
range: 2–17 years) have undergone LHM and Dor fundoplication in
Bambino Gesù Children’s Hospital.

Since 2012, 9 children (M:F = 3:6; mean age at POEM: 12.2 years;
range: 6–17 years) have been treated with POEM procedure in Gemelli
University Hospital.

Baseline characteristics of our population are reported in Table 1.
Preoperatively, upper endoscopy excluded other pediatric congeni-

tal or acquired diseases that could have lead to dysphagia (congenital
esophageal stenosis and peptic strictures); whereas barium swallow
study showed a typical "bird's beak" narrowing in all children of both
groups, but no presence of megaesophagus.

At baseline, the Eckardt score was 7.8 (range: 6–12) in the LHM
group and 7 (range: 4–10) in the POEM group (p = 0.512).

The preoperativemean LES resting pressurewas 38.48±9.13mmHg
and 45.32 ± 24.06 mmHg in the LHM and in the POEM cohort, respec-
tively (p = 0.006).

Before LHM and POEM, 3/9 (33.3%) patients in the LHMgroup (early
onset of EA in 2 patients; severe malnutrition and weight loss in 1 pa-
tient) and 1/9 (11.1%) patient in the POEM group had received pneu-
matic dilations; in the LHM group, one child had taken calcium
channel blockers (nifedipine) until surgery.

Mean operating times were significantly shorter in the POEM
group compared with the LHM group (62 ± 12.7 minutes vs 149 ±
33.8 minutes, p b 0.01).

Myotomy was longer in the POEM group than in the LHM group
(11 ± 2 cm vs 7 cm ± 1.5 cm), but the difference was not statistically
significant (p = 0.26).
Table 1
Baseline characteristics of study population.

LHM group

Patients 9
Gender (male:female ratio) 6:3
Age at treatment (mean ± SD, range) 10.8 ± 5.4 years
Associated disease Allgrove syndrom
Previous treatments 3/9 (33.3%) pts:

1/9 (11.1%) pt: C

LHM: laparoscopic Heller myotomy; POEM: peroral endoscopic myotomy
PD: pneumatic dilations
Pts: patients
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Onemajor complication occurred in the LHM group which was per-
foration of the esophageal mucosal layer. This was suspected by the
onset of fever and abdominal pain on the first postoperative day, and
confirmed by a gastrografin esophageal study.

Reoperation was necessary to repair the esophageal perforation.
In the POEM cohort, 1 patient required Veress needle placement

to decompress pneumoperitoneum; another patient had a small
esophageal mucosal tear that was clipped. No postoperative complica-
tions occurred.

Oral intakewas started on the third (range: 1–12) postoperative day
in the LHM group and after 2.3 (range: 1–3) postoperative days in the
POEM group (p b 0.01).

The average postoperative hospital stay was 6 ± 4.9 days (range:
3–18) in the LHM group and 4.1 ± 1.4 days (range: 2–7) in the POEM
group (p b 0.01).

2.1. Postoperative outcomes

The mean follow-up was 31 months (range: 13–63) in the LHM
group and 12.7 months (range: 5–28) in the POEM group.

In terms of symptomatic outcomes, follow-up was not significantly
different in the 2 groups and all patients experienced a marked im-
provement in symptom scoring.

Eckardt score changes between preoperative and postoperative data
were statistically significant both in the LHM group (pre-LHM Eckardt
score = 7.8, post-LHM Eckardt score = 1, p b 0.01) and the POEM
group (pre-POEM Eckardt score = 7, post-POEM Eckardt score = 0,
p b 0.01) (Fig. 2).

On the contrary, the differences in the postoperative Eckardt score
between LHM group and POEM group were not statistically significant
(LHM group vs. POEM group: p = 0.07).

The comparison between treatments is summarized in Table 2.
During follow-up, esophageal manometry was repeated in 6/9

(66.6%) patients in the LHM group and in 7/9 (77.7%) patients in the
POEM group.

When preoperative and postoperative manometric data were com-
pared, both LHMand POEM resulted in statistically significant decreases
POEM group

9
3:6

(range: 2–17) 12.2 ± 3.8 years (range: 6–17)
e (1 patient) Pilocytic astrocytoma (1 patient)

PD
alcium blockers

1/9 (11.1%) pt: PD
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Table 2
Comparison of procedure-related parameters and adverse events between LHM and POEM group.

LHM POEM P value

Operative time (mean ± SD, minutes) 149 ± 33.8 62 ± 12.7 b0.01
Myotomy length (mean ± SD, cm) 7 ± 1.5 11 ± 2 =0.26
Postoperative oral intake (mean ± SD, days, range) 3rd ± 3.7 (range: 1–12) 2nd ± 0.8 (range: 1–3) b0.01
Postoperative hospital stay (mean ± SD, days, range) 6 ± 4.9 (range: 3–18) 4.1 ± 1.4 (range: 2–7) b0.01
Early complications and treatments -Esophageal perforation (1 pt): reoperation. -Pneumoperitoneum (1pt): Veress needle placement.

-Mucosal perforation (1 pt): clips.
Long-term complications and treatments - Dysphagia (2 pts): Pneumatic dilations

GERD (1 patient): PPI
GERD (1 patient): PPI

GERD: gastroesophageal reflux disease
PPI: proton pump inhibitors
Pt: patient
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of LES resting pressure (pre-LHMmean LES resting pressure= 38.48 ±
9.13 mmHg, post-LHMmean LES resting pressure = 14 ± 10.7 mmHg,
pb0.01; pre-POEMmean LES resting pressure = 45.32 ± 24.06 mmHg,
post-POEM mean LES resting pressure = 19.27 ± 6.57 mmHg, p =
0.03) (Fig. 3).

In the LHM group, 2 children needed esophageal pneumatic dila-
tions, one after three months and the other two years after surgery.

2.2. LHM, POEM and GERD

To diagnose GERD, upper endoscopy and pH-monitoring were per-
formed in 6/9 (66.6%) patients both in the LHM and in the POEM group.

pH-monitoring was positive in one patient in each cohort. Upper
endoscopy documented macroscopic esophagitis in one patient in
the POEM group. Proton pump inhibitors were administered in the
two cases.

3. Discussion

In the pediatric population there are no defined guidelines for the
treatment of EA.

The available therapeutic options are palliativemanagements, all di-
rected at reducing patients’ symptoms, improving esophageal emptying
and preventing the formation of a megaesophagus.

Endoscopic pneumatic dilations are recommended in adulthood be-
cause they are effective, easy to perform, repeatable and low cost, but
there’s no shared consensus about their employment in children.

Di Nardo et al. [11] reported a good success rate after the first pneu-
matic balloon dilation in 24 children with EA. However in other pediat-
ric studies a high rate of symptom recurrence, requiring further
intervention, was described. [12–14].

In our study, pneumatic dilations were performed preoperatively
only on selected patients with severe malnutrition and/or early
Fig. 3. Lower esophageal sphincter (LES) basal pressure before and after LHM and POEM.
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(before 2 years of age) onset of EA, in order to complete the diagnos-
tic assessment.

According to the literature, Heller myotomy is considered the treat-
ment of choice for children, as it provides more durable outcomes in
comparison to pneumatic dilations in long-term follow-up [15,16].
The increasing use of laparoscopy, with the well-known advantages of
shorter hospital stay,minor use of analgesics, faster return to daily activ-
ities and better cosmetic result, has further encouraged the application
of the Heller myotomy [17–19].

Recently, the development of new minimally invasive techniques
has revived the debate on the treatment of EA. The introduction of
POEM, that incorporates the endoscopic approach with the principles
of the natural orifice transluminal endoscopic surgery (NOTES) to per-
form a myotomy in the adult population, has found broad consensus
among skilled endoscopists.

In the last few years, more and more endoscopy centers have begun
to adopt POEM to treat EA in adulthood, with good short-term out-
comes [4,20,21].

The procedure has only recently been tested in pediatric age group:
likely owing to the rarity of the disease in children, the need to first val-
idate the technique in adults and the required learning curve of the
endoscopist. In fact, if a learning curve of 20 has been proposed for
adults, a longer experience could be mandatory to treat children [22].

A fewpediatric cases have been described to date. Among the related
studies, Familiari et al. (3 children) and Chen et al. (21 children) are the
most reliable [8,23].

Ours, is the first pediatric series that compares the conventional
laparoscopic technique and the POEM procedure.

Our data demonstrated that POEM was characterized by shorter
operative times, a longermyotomy, a lower rate of complications, faster
time to feeding and more rapid discharge.

One of the main advantages of this technique is the ability to modi-
fying the length of the myotomy, according to the preoperative mano-
metric and endoscopic data.

As a matter of fact, in the POEM group the length of myotomy was
almost doubled with respect to LHM group, but this difference did not
affect the clinical outcomes, that were similar in the two cohorts, prob-
ably because surgicalmyotomies had aminimum total lengthof 6–7 cm,
as literature recommends, and this extension is enough to make them
all successful [24].

POEM is considered a safe technique with minimal adverse
events [25]. Subcutaneous and/or mediastinal emphysema, pneumo-
peritoneum and pneumothorax are common conditions related to air
or CO2 insufflation during the procedure, which are normally self-
limited or easily resolved [10]. CO2 is preferably employed instead of
room air because it has the advantage of faster diffusion and quicker
absorption [25].

Even in all our cases, POEM was completed with a low rate of
minor complications, such as pneumoperitoneum or small perforations
of the mucosal esophageal flap, without conversion to laparoscopy or
open surgery.
asia in children: Today and tomorrow, J Pediatr Surg (2015), http://
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In the LHM cohort, on the contrary, one serious complication (perfo-
ration of the esophageal mucosa by burning) occurred, owing to a mal-
function of the electro cautery device. So, since then on, our surgical
approach was modified by eliminating the hook cautery.

This severe adverse event, however, influenced the postoperative
outcomes of our study. In fact, if data of the patient with the mucosal
perforation are excluded, times of refeeding and discharge of POEM
group are very similar to the ones of LHM population.

In midterm follow-up, both procedures seem efficacious in ensuring
an excellent clinical and functional outcome and the effect of myotomy
on LES resting pressure is quite stable over time, regardless of the tech-
nique used.

To guarantee a more appropriate comparison between the two pro-
cedures, a wider clinical and manometric follow-up considering the
possibility of clinical changes over time, would be necessary.

Currently, the major issues in debate are the utilization of the POEM
technique in low-weight subjects and the risk of iatrogenic GERD after
the procedure.

As regards thefirst topic, age andweight should not be considered as
a limitation to the usage of POEM, as Maselli et al. demonstrated,
treating a three-year patient affected by EA, Downs syndrome and se-
vere malnutrition [7]. Consequently, the endoscopic technique seems
to be applicable with the same equipment even in very young patients,
but at themoment the available data on the matter are not sufficient to
establish specific weight and age limits.

Referring to GERD, its possible onset after POEM, due to the imprac-
ticality of performing a fundoplication, prompts some criticism. Some
authors suggest that the advantage of POEM in this procedure is the se-
lectivemyotomy of the internal circularmuscular fibers without dissec-
tion of the diaphragmatic hiatus and division of the crura, typically
required to perform an adequate surgical myotomy [26].

Swanstrom et al. reported a GERD rate of 46% 6 months after POEM
[27], while in the series described by Teitelbaum et al., symptomatic
GERD was present in only 17% of patients [28].

In our population, the rate of iatrogenic GERDwas very low and sim-
ilar both in POEM and LHM, but two important biases could limit this
comparison between the two procedures.

The first is the small series of patients enrolled in each group, which
could reduce the reliability of the study on this specific question.

The second is the difference in follow-up length between the two
groups, which could underestimate the onset of GERD in POEM cohort.

Therefore, multicenter prospective randomized trials, assessing
long-term outcomes, would be extremely useful.

In conclusion, clinical and functional outcomes of pediatric patients
treated by LHM and POEM are excellent and are similar at midterm
follow-up.

The age of patients is not a contraindication to POEM technique,
though a skilled endoscopic team is mandatory to safely perform
the procedure.

If this POEM is not available LHM remains the treatment of choice for
EA in children.

However, both POEMand LHM should be performed in high-volume
endoscopic and pediatric surgical centers of excellence, to delimit intra-
operative and postoperative complications and to ensure the best long-
term results.
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