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Background/Aims

Achalasia cardia (AC) is a motility disorder, characterized by impaired lower esophageal sphincter relaxation and absence of
esophageal peristalsis. AC is rare in children with unclear optimum management strategies. Per oral endoscopic myotomy (POEM)
is a novel technique for management of achalasia with encouraging results in adult patients. The efficacy and safety of POEM is not
known for pediatric AC. The aim of our study was to evaluate the safety and efficacy of POEM in children with achalasia cardia

Methods

The data of all children (< 18 years) who underwent POEM at our center was retrospectively analysed. Symptoms were analysed using
a validated score (Eckardt score) at regular predefined intervals. Objective parameters including high-resolution manometry, timed
barium swallow and esophagogastroduodenoscopy were assessed before the procedure and at 1-year follow-up. Clinical success was
defined as an Eckardt score < 3.

Results

A total of 15 children underwent POEM during the specified period. Ten out of 15 (10/15) completed 1-year follow-up. Median
operative time was 100 (38-240) minutes. Mean pre and post procedure LES pressure were 36.64 + 11.08 mmHg and 15.65 + 5.73
mmHg, respectively (P = 0.001). Mean Eckardt score before and after the POEM was 7.32 = 1.42 and 1.74 = 0.67, respectively (P =
0.001). Mean percentage improvement in barium emptying at 5 minutes was 63.70 = 4.46%. All children had complete resolution of
symptoms at 1 year. Median weight gain of children at 1 year was 0.65 kg (range, 0.0-4.6).

Conclusions

POEM is safe and effective for children and adolescents with achalasia. Future trials with larger sample size are warranted to establish
its efficacy in pediatric AC.

(J Neurogastroenterol Motil 2016;22:613-619)
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Introduction

Achalasia cardia (AC) is a rare neurodegenerative disease char-
acterized by the degeneration of inhibitory myenteric plexus of the
lower esophageal sphincter (ILES) and esophageal body. The imbal-
ance of inhibitory and excitatory neurons results in failure of ILES
relaxation and absence of peristalsis during swallowing.' Achalasia
is very rare in children.” Unfortunately, very few epidemiological
studies have been conducted for achalasia in pediatric patients." In
fact, there is no population based epidemiological study of achalasia
in children or adolescents in India. Previous studies show an inci-
dence of less than 0.1/10° population/year.” However the incidence
of pediatric achalasia appears to have increased over the last decade
(about 0.18/10° population/year).”*

Older children usually present with typical symptoms like dys-
phagia and vomiting, whereas younger children and infants often
present with atypical symptoms like recurrent pneumonia, feeding
difficulties, and cough.’

The treatment options for achalasia cardia in the pediatric
population include medical (calcium channel blockers, nitrates), en-
doscopic (botulinum toxin injection and pneumatic balloon dilata-
tion [PBD]), and surgical (laparoscopic Heller’s cardiomyotomy)
treatments. However, except for PBD and laparoscopic Heller’s
myotomy (LHM), experience and efficacy of other therapies is lim-
ited in children. Therefore, there is an unmet need for an optimum
endoscopic treatment modality for achalasia in the pediatric popula-
tion.

Recently, per oral endoscopic myotomy (POEM) has gained
widespread acceptance for the treatment of adult patients with
achalasia. Short term results demonstrate good safety and efficacy of
this novel technique.® Though the experience in pediatric patients
is limited, it is a potential alternative to LHM, as it is less invasive
with faster recovery and good safety.

In this series, we describe 15 children with esophageal achalasia

who underwent POEM at our center.

Materials and Methods

We retrospectively analysed the data of all the children un-
dergoing POEM at our center. The study protocol was reviewed
and approved by our review board (AIG/AHF IRB: 34/2015).
Fach of the endoscopist performing POEM in children had prior
experience of at least 20 adult cases. Achalasia cardia was diag-

nosed with standard diagnostic modalities including timed barium

esophagogram (TBE)’, high-resolution manometry (HRM) and
esophagogastroduodenoscopy (EGD) in all the children. Children
with contraindications to undergo general anaesthesia or whose
parents did not give consent for the procedure were excluded from
this study. A history of previous endoscopic (including repeated bal-
loon dilatation and botulinum toxin injection) or surgical treatment
(open or LHM) were not considered as exclusion criteria. Children
with esophageal candidiasis on EGD were treated with an oral
antifungal for at least 1 week prior to the procedure. Pre-operative
symptom evaluation was done using FEckardt score.” HRM was
performed with a 16 channel water perfused catheter (Dent sleeve
International Limited, manufactured by Mui Scientific, Ontario,
Canada). The data were analyzed using Trace 1.2 V software (Geoff
Hebbard, Royal Melbourne Hospital, Victoria, Australia). The
subtypes of the AC were defined according to the Chicago clas-
sification.” Any complication requiring additional procedures or
prolonged hospital stay (> 3 days) was considered as morbidity.
All children were followed up at 3 months, 6 months, and 1 year
after the procedure. At the 3 and 6 months follow-up visit, physical
examination and symptom evaluation (Eckardt score) was done.
Esophageal manometry, EGD and TBE were done at 1-year
follow-up. A postoperative Eckardt score < 3 was considered as a

SuCCCSSﬁll outcome.

Technique

All children, posted for the POEM procedure were instructed
to take liquid diet for 1 day prior to the procedure. Prophylactic
antibiotics were given on the day of the procedure and continued
during the entire period of hospitalization. The procedure was car-
ried out under general anaesthesia in the supine position. Standard
EGD endoscope (Olympus GIF HQ 190; Olympus Corp, To-
kyo, Japan) was used for the procedure. A tapered tip transparent
cap (DH-28GR; Fujifilm, Tokyo, Japan) was fitted onto the distal
end of the scope to facilitate submucosal dissection. Children with
a prior history of myotomy (LHM) underwent posterior myotomy
(at § o’clock position). The choice of site of myotomy (anterior, at
2 o’clock position vs posterior, at 5 o’clock position)" was left to
the endoscopist’s preference in the rest of the children. A 23 gauge
sclerotherapy needle was used to create a submucosal wheal by in-
jecting normal saline with indigo carmine submucosally at least 3-4
cm proximal to the high-pressure zone identified at the pre-opera-
tive HRM (Fig. 1A)." Subsequently a small (3-4 mm) mucosal
incision was made using a needle knife which was further enlarged
up to 2 cm in length by an insulated tip knife (KD-611L; Olympus
Corp) (Fig. 1B). In the next step, a submucosal tunnel was created
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Figure 1. The sequential steps of per oral endoscopic myotomy. (A) Lifting of the mucosa away from the submucosa by submucosal injection using

a sclerotherapy needle. (B) Initial small mucosal incision made with needle knife followed by enlarging the incision with insulated tip knife.

(C) [a] Submucosal tunnel on the esophageal side (mucosa is along § to 11 o’clock and muscle along 11 to § o’clock) and [b] submucosal tunnel

along the gastric end of tunnel. (D) Closure of mucosal incision with endoclips after completion of myotomy.

using spray coagulation (Fig. 1C). Carbon dioxide (CO,) insuffla-
tion was used throughout the procedure (UCR; Olympus Corp)
(Fig. 1C). All the cases were done using a low flow gas tube (MA]
1742; Olympus Corp) attached to a CO, insufflator (UCR; Olym-
pus Corp). A triangular tip knife (KD-640L; Olympus Corp) with
a spray coagulation mode was used for the submucosal dissection
and myotomy. The settings on the electrosurgical unit (VIO300D;
ERBE, Tiibingen, Germany) during dissection and myotomy
were identical ie, ENDO CUT Q at 50 W, effect 3. The tunnel
was extended to least 2 cm onto the gastric cardia past the gastro-
esophageal junction (GE]). Intervening blood vessels or bleeding
during dissection was managed by coagulation forceps (Coagrasper
G, FD-412LR, Olympus, Japan) using the soft coagulation mode
(80W, effect 5). The gastric extent of the submucosal tunnel was
confirmed by visualizing the blanched gastric mucosa. The my-
otomy was done in a proximal-to-distal fashion. Circular muscle
only myotomy was performed in the upper esophagus, taking care

to preserve the longitudinal muscle layers. Full thickness myotomy

was performed at the lower end of the esophagus and cardia.
Adequacy of the myotomy was established by smooth passage of
the endoscope through the GEJ and a retroflexed evaluation of
the LES. The mucosal incision was then closed from the distal to
proximal end using standard endoscopic clips (EZ Clip, HX-610-
090L; Olympus Corp) (Fig. 1D). All children were evaluated with
a water soluble contrast esophagogram on the second postoperative
day (Fig. 2A and 2B). If normal, they were then started on a pureed
diet and subsequently discharged. The pureed diet was continued
for 1 week. Subsequently a regular diet was allowed.

Statistical Methods

The data was prospectively collected and comparison of pre and
post procedure parameters was done. Data are presented as mean
+ standard deviation. Student’s pair t test was used for continuous
variables and proportion test for categorical variable. A P-value of

< 0.05 was considered as statistically significant.
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Figure 2. Assessment of the esophageal emptying with timed barium
esophagogram. (A) Timed barium esophagogram before per oral
endoscopic myotomy (POEM). Note the significant stasis of barium
column at 1, 3, and § minutes. (B) Timed barium esophagogram
after POEM on day 2. Note the free flow of barium across the gas-
troesophageal junction at 1 minute and nearly complete emptying of
barium column at 3 and § minutes. (C) Timed barium esophagogram
of the same child at about one year after POEM. Excellent barium
emptying is seen at 3 and 5 minutes.

Results

A total of 15 children (median age 14 years, range 9 to 18
years) with achalasia cardia underwent POEM in our department
during the study period (October 2013 to April 2015) (Table 1).

Table 1. Characteristics of Children Undergoing Per Oral Endo-
scopic Myotomy

Number of patients 15
Achalasia cardia (n)
Type 1 4
Type 11 10
Type 111 1
Age (median [range], yr) (n = 15) 14 (9-18)
Male:female 9:6
Disease duration (median [range], mo) 29 (5-96)
Previous therapy
Botulinum toxin injection 0(0.0%)
Pneumatic balloon dilatation 6 (40.0%)
Heller’s myotomy 1(6.7%)
Pneumatic dilatation and Heller’s, both 1(0.0%)

Table 2. Technical Details of the Procedure and Adverse Events

Site of Myotomy
Anterior 13
Posterior 2
Operating time (median [range], min) 100 (38-240)
Length of myotomy (median [range], cm) 12 (6-16)
FEsophageal (median [range], cm) 8.0 (4-12)
Gastric (median [range], cm) 2(2-3)
Technical success 15/15(100%)
Adverse events
Clinically significant bleeding 0(0.0%)
Mucosal injury 1(6.7%)
Self limiting subcutaneous emphysema 2(13.3%)
Capnoperitoneum requiring drainage 1(6.7%)
Capnothorax 0 (0.0%)
Retroperitoneal air requiring temporary 3(20.0%)
stoppage the procedure
Feeding (median [range], day) 2.0 (1.0-4.0)
Hospital stay (mean [range], day) 2.7(2.0-5.0)
30 day readmission rate 0
Number of clips (median [range]) 5(5-8)
Perioperative complications 0-30 days 0

The types of achalasia cardia as per the Chicago classification were
type I (n = 4), type 11 (n = 10), and type III (n = 1). Six patients
(40.0%) were previously treated by PBD and one patient had a his-
tory of LHM. One patient had undergone both LHM and PBD.
Median pre-procedure Eckardt score was 8 (range, 5-9). Median
LES pressure prior to the procedure was 35.2 mmHg (range, 22-
55 mmHg). POEM was successfully completed in all the 15 chil-
dren (100.0%) patients with AC (Table 2). The myotomy was per-
formed via an anterior approach (2 o’clock) in 13 children (86.6%)
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and posterior approach (5 o’clock position) in 2 children. Median
procedure time was 100 minutes (range, 38-240 minutes). Median
length of total myotomy was 12 cm (range, 6-16 cm). The median
length of myotomy on the esophageal side and gastric side was 8.0
cm (range, 5-12 cm) and 2.0 cm (range, 2-3), respectively. Intraop-
erative gas related events included transient subcutaneous emphy-
sema in 2 children (13.3%), retroperitoneal air in 3 children (20.0%),
and capnoperitoneum in 1 child (6.7%). The child with capno-
peritoneum was managed by draining the CO, using conventional
intravenous canula, whereas the procedure was temporarily stopped
for few minutes in those with retroperitoneal CO,. POEM was
resumed in these children after fluoroscopic confirmation of resorp-
tion of retroperitoneal CO,. Inadvertent mucosal injury was seen
in 1 child (6.7%) which was successfully closed using hemoclips at
the end of the procedure. Thirteen children completed 6 months
and 10 children completed 1-year follow-up (median, 15 months;
range, 12-20 months). At 6 months follow-up, all 13 patients had
an Fckardt score < 3 with clinical success of 100%. Mean F.ckardt
score decreased significantly from 6.26 = 1.43 at baseline to 1.26
+ 0.79 (P = 0.001) at 6 months. No adverse events were recorded
during follow-up.

In addition to symptom analysis, objective parameters including
HRM, EGD, and TBE were also assessed at 1 year of follow-up
(Table 3). Ten out of 15 children completed 1-year follow-up and
the clinical success was 100% (10/10). Mean Eckardt score was 7.32
*+ 1.42 prior to POEM and 1.74 = (.67 after the POEM (P =
0.001). HRM was available for 10 children who completed 1-year
follow-up. Pre-procedure mean LLES pressure was 36.64 = 11.08
mmHg and post procedure mean LES pressure was 15.65 = 5.70
mmHg (P = 0.001). Mean integrated relaxation pressure before
and after the procedure was 24.96 = 5.42 mmHg and 9.48 = 1.95
mmHg respectively (P = 0.001).

Mean height of barium column (TBE) at § minutes was 12.48
=+ 1.48 cm preoperatively and 4.60 = 0.77 cm postoperatively (P
= 0.001). Mean percentage improvement in barium emptying at 5
minutes was 63.70 * 4.46%.

POEM in Pediatric Achalasia

At 1-year follow-up 3 patients (30.0%) had gastroesophageal
reflux as assessed by clinical history and symptom analysis. EGD
revealed erosive esophagitis in 2/10 (20.0%) patients (Los Angeles
grade A in 1 patient and grade B in 1 patient). None of the patients
had grade C or D esophagitis. The median weight gain in children
who completed 1-year follow-up was 0.65 kg (range, 0.0-4.6).

Discussion

In the present series, we found POEM to be safe and effective
for the treatment of AC in children. The response to POEM ap-
pears durable with lack of significant adverse effects.

Achalasia is rare in children, accounting for the lack of large
randomized controlled studies on its management. The manage-
ment of achalasia in children is still unclear and there is no estab-
lished treatment protocol in this population. '

Currently the management options include endoscopic and
surgical modalities. The endoscopic options are PBD and intra-
esophageal botulinum toxin injection. PBD has a reported success
between 70-90% in published case series."”"* Many experts prefer
PBD as initial therapy for older children and adolescents with
achalasia. The success rate after a single dilatation was only 67% in
a recent study."* However the overall success rate after a maximum
of 3 PBDs was 87% in the same study. Therefore, multiple sessions
of dilatation may be required for optimal results of PBD. Moreover
it may be technically difficult in younger patients (< 7 years), and
some patients may ultimately require surgery. Young patients do not
respond well to PBD." The results of intra-esophageal botulinum
toxin injection are not satisfactory in adults as well as pediatric acha-
lasia patients. About one half of the patients suffer from recurrent
symptoms after several months.” Botulinum toxin should be used
only for children with achalasia who are poor candidates for either
pneumatic dilatation or surgery. Therefore, a safe and efficacious
endoscopic modality of treatment is required in pediatric patients
with achalasia.

LLHM is the current surgical treatment of choice for children

Table 3. Objective Outcomes in Children Undergoing Per Oral Endoscopic Myotomy

Pre procedure Post procedure P-value
Eckardt score (n = 10), mean 7.32 = 1.42 1.74 £ 0.67 0.001
Erosive esophagitis on EGD (n = 10) 0(0.0%) 2(20.0%) 0.001
LES pressure on HRM (n = 10), mmHg 36.64 = 11.08 15.60 = 5.70 0.001

Percentage improvement in barium emptying at § min

63.70 = 4.46

EGD, esophagogastroduodenoscopy; HRM, high-resolution manometry; LES, lower esophageal sphincter.
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and adolescents with achalasia. LHM appears to provide a more
durable relief in symptoms than PBD at least in adult patients.'®
In a recent case series, LHM was found to be safe and effective.
However post-operative intervention (including balloon dilatation
and redo myotomy) was required in 28% of patients on subsequent
follow-up.'” Similarly, the recurrence of symptoms after LHM with
fundoplication was 27 % at a mean follow-up of 13 months in an-
other series.”® Farly and durable treatment is especially important in
the pediatric population as treatment failure may lead to malnutri-
tion and growth failure.

POEM is a novel technique for the treatment of achalasia.
The procedure involves mucosal incision and entry into the submu-
cosa, creation of a submucosal tunnel, actual myotomy, and finally
closure of the mucosal incision. The term POEM was coined by
Inoue et al, who initially reported its usefulness in 17 adult patients
with achalasia."” Since then, many studies have been published that
demonstrate excellent short term outcomes and safety of POEM
for achalasia. Reported complications include subcutaneous em-
physema, mucosal injury, pneumothorax, pneumomediastinum,
pleural effusion, and pneumoperitoneum.” The incidence of these
gas related adverse event is significantly less with the use of CO, as
it diffuses much faster as compared to air, and usually subside with
conservative management. In our study, we observed gas related
complications (including self limiting subcutaneous emphysema,
retroperitoneal air requiring temporary stoppage of procedure) in 3
of our patients. All resolved with conservative management without
any untoward consequences.

The data of POEM in children is very limited. The first case
of POEM in children was recently reported in a 3-year-old girl
with achalasia and Down’s syndrome. The child had good symptom
response when followed till 1 year.”" Another small series consisting
of 3 children documented satisfactory outcome of POEM in pe-
diatric achalasia.” Since these initial reports, few more studies have
been published demonstrating the safety and efficacy of POEM for
treatment of achalasia in children and adolescents.”*

We found POEM to be safe and effective in the pediatric age
group, with no major adverse events. Complete resolution of symp-
toms along with significant fall in baseline LES pressure was noted
in all the children after POEM (median follow-up 14 months).
Previous procedures like LHM or PBD did not preclude the suc-
cess to POEM. The response to POEM was durable in our study
as evident by persistent symptom relief (Eckardt < 3) and objective
parameters like timed barium esophagogram. None of the children
required a second procedure like PBD and LHM.

The proposed advantages of POEM over LHM include

shorter operative time, reduced intraprocedural blood loss, shorter
hospital stay, and ability to extend myotomy depending on the type
of achalasia.”**

Moreover, as POEM does not involve the dissection of the
diaphragmatic hiatus and division of the crura, the chances of post
procedure gastroesophageal reflux disease are theoretically less than
LHM.” We observed gastroesophageal reflux symptoms in 3 of
our patients, and two of them were found to have mild esophagitis
on endoscopy. All were managed successfully with proton pump
inhibitors. We acknowledge the fact that follow-up with pH studies
are required to know the exact incidence of gastroesophageal reflux
disease after POEM.

At present, the role of POEM is not established in pediatric
patients with achalasia. POEM is minimally invasive with faster
recovery as compared to LHM.

Excellent short term results warrant further evaluation of this

novel technique in larger trials.
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