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Abstract
Per-oral Endoscopic Myotomy (POEM) is a transmural endoscopic surgical technique that is gaining widespread
adoption in the management of adult achalasia. The endoscopic approach offers excellent access to the muscular
wall of the esophagus enabling division of the abnormal circular fibers. The procedure offers the benefits of being
incisionless, preserving the outer longitudinal esophageal muscle fibers and avoiding a hiatal dissection. Endoscopic
functional luminal imaging probes enable real-time measurement of luminal diameter and pressure. These probes
offer intraoperative guidance to the extent and completeness of the POEM procedure. Post-operative measurements
have been correlated to outcomes of dysphagia and reflux in the adult population. No functional luminal imaging
exists for the pediatric population. 2 POEM procedures were performed at our children’s hospital using luminal
imaging.
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Introduction
Per-oral Endoscopic Myotomy (POEM) is a transmural endoscopic
surgical technique for the treatment of esophageal motility disorders
including achalasia. The POEM for achalasia is performed by making a
mucosal incision in the esophageal wall and then creating a
submucosal tunnel that allows endoscopic access to the muscular
layers of the esophagus. The endoscopic approach is incisionless and
enables the potential advantage of selective division of the inner
circular muscles fibers implicated in the pathophysiology of achalasia
without cutting the outer longitudinal muscle fibers. The POEM does
not include an anti-reflux procedure. Proponents believe that avoiding
a hiatal dissection and avoiding division of the longitudinal fibers may
reduce the rate of reflux compared to the high rate of reflux seen after
Heller myotomy alone, which has made fundoplication a standard
adjunct to the procedure.
The POEM technique was proposed in a survival animal study by
Pasricha et al. in 2007 [1]. Inoue performed the first human
procedures in 2008 for achalasia in Japan with no serious
complications and promising long-term results [2]. Stavropoulos
introduced the POEM procedure to North America in 2010 [3].
Swanstron et al. went on to show excellent long term results and
compare POEM to Laparoscopic Heller Myotomy (LHM) with partial
fundoplication in a retrospective non-randomized review of outcomes
from their institution [4]. In both POEM and LHM, symptoms and
objective esophageal physiology were equally improved with similar
rates of reflux. Patients undergoing POEM had a significantly shorter
hospital stay. Larger randomized prospective studies are needed to
further show the risks and benefits of POEM compared to LHM.
POEM does have the potential to be a treatment option for patients
with comorbidities which may limit surgical options. An endoscopic
approach also offers access to areas of the esophagus not possible with
LHM. In the pediatric population, the incidence of achalasia is low
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with an annual estimated incidence is 0.02 to 0.18 cases per 100,000
children [5,6]. Accordingly, the POEM procedure has been reported in
only a few pediatric cases globally [7-9].
Endolumenal Functional Lumen Imaging Probe (EndoFLIP,
Crospon, Galway Ireland) is an endoscopic balloon catheter that
measures the pressure within the balloon and the diameter of the
catheter at 5 mm increments for a total length of 8 cm. Using these
measurements, further characteristics such as distensibility can be
calculated [10]. The system has been used to calibrate Nissen
fundoplication and other upper GI interventions [11]. Pre- and postoperative measurements were reported for a cohort of adults
undergoing POEM with an average age of 51.7 years. Pre-POEM
diameter and cross-sectional area at a fill volume of 30ml were 6.3 mm
(± 1.8) and 32.9 mm2 (± 23.1), respectively. Post-POEM diameter and
cross-sectional area of the gastroesophageal junction were 11.3 mm (±
1.7) and 102.38 mm2 (± 28.2) [12]. Average post-operative Eckardt
score was 1 (0-3).
The EndoFLIP system offer significant potential benefits in the
POEM procedure as the surgeons ability to visually determine the
extent and adequacy of the myotomy is limited. No baseline data for
EndoFLIP exists in pediatric achalasia.

Methods
Two male teenage patients, ages 16 and 17 years old, with Type I
achalasias were offered the POEM procedure with endoluminal
functional imaging under an IRB approved protocol (IRB#26375).
The achalasia symptoms were measured both pre-myotomy and
one month post-myotomy using the Eckardt score [13]. The Eckardt
score is a cumulative score of the four most common symptoms of
achalasia (dysphagia, chest pain, regurgitation, and weight loss). The
totals range from 0 to 12 with 12 being the most severe. A posttreatment score of less than four is successful.
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The POEMs were performed using a GIF-H180 high-definition
gastroscope with a single 2.8 mm working channel (Olympus, Center
Valley PA). An esophageal overtube (US Endoscopy, Mentor, OH) was
used to facilitate repeated introductions of the endoscope. The
distance to the GE junction was measured and the entry site for the
mucosal incision was chosen 10 cm above the GE junction. The
mucosa was elevated using a submucosal injection of indigo carmine.
A 2 cm longitudinal mucosal incision was made at the 20’clock
position (Figure 1a) using a triangle tip endoscopic knife (Olympus,
Center Valley, PA). An angled clear endoscopic cap (Olympus, Center
Valley PA) facilitated entry through the mucosal incision into the

submucosal plane. A tunnel was created through the submucosal plane
to the level of the GE junction using a combination of blunt dissection,
triangle tip cautery and indigo carmine injections (Figure 1b). The
tunnel was carried 2 cm onto the stomach and the extent of tunneling
was confirmed by retroflex view from the stomach. The circular
muscle fibers of the esophagus were divided beginning 2 cm below the
gastro-esophageal junction (Figure 1c). The final myotomy was 8-9 cm
in length and bacitracin solution was used to irrigate the tunnel prior
to closure. The mucosotomy was closed (Figure 1d) using multiple
endoscopic clips (Olympus, Center Valley, PA).

Figure 1: Selected intraoperative images of the Per-Oral Endoscopic Myotomy. A) Mucosal incision B) Dissection of the submucosal plane
exposing circular muscle fibers C) Selective division of circular muscle fibers with preservation of underlying longitudinal muscle fibers D)
closure of mucosal incision with endoscopic clips.
EndoFLIP intraluminal imaging was used pre- and post-POEM in
both cases (Figure 2). The EndoFLIP catheter was centered at the
gastroesophageal junction and a fill volume of 30 ml was used to
achieve balloon pressures of 15-25 mmHg, enabling apposition of the
balloon to the lumen wall without dilation. This was completed under
general anesthesia immediately prior to the mucosal incision and after
the division of the circular muscle fibers prior to mucosotomy closure.

one-moth as measured by Eckardt score was similar to what has been
reported in the adult population.

Results
The first patient was 16 years old (64.5 kg) with a pre-operative
Eckardt score of 5 and the second was 17 years old (39.6 kg) with a
pre-operative Eckardt score of 10. At one-month follow-up both
patients reported complete resolution of dysphagia and regurgitation
and reported Eckardt scores of 0 and 1 respectively.
The POEMs were performed by a pediatric surgeon with an average
operative time of 222 minutes. One patient developed an intraoperative carboperitoneum that was decompressed with a Varess
needle. Both patients were placed on a liquid diet for a period of two
weeks and then advanced to a regular diet.

Figure 2: Pre-POEM (left) and Post-POEM (right) EndoFLIP
luminal imaging. Each catheter has 16 measurement probes
represented in the image as white lines. The probes are 5 mm apart
allowing luminal imaging over a length of 8cm.

Pre- and Post-POEM measurements are shown in Table 1. Notably
there was a sizeable increase for both patients in the distensibility
scores from pre- (0.98 mm2/mmHg and 1.17 mm2/mmHg) to postPOEM (2.63 mm2/mmHg and 2.47 mm2/mmHg).

Patient

1

2

Pre_POEM weight (kg)

64.5

39.6

Pre-POEM Eckardt score

5

10

Pre-POEM minimum diameter (mm)

5.1

5.4

Pre-POEM minimum Cross Sectional Area (mm2)

21

23

Pre-POEM Distensibility (mm2/mmHg)

0.98

1.17

Post-POEM Eckardt score

0

1

Discussion
POEM procedures were successfully performed in the pediatric
population using the EndoFLIP luminal imaging system. The pre- and
post-POEM diameters, cross-sectional areas and distensibilities are all
on the low end of the ranges reported in adult patients whose average
age in the fifth decade of life. However, the resolution of symptoms at
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Post-POEM minimum diameter (mm)

8.7

8.1

Post-POEM minimum Cross Sectional Area (mm2)

59

52

Post-POEM Distensibility (mm2/mmHg)

2.63

2.47

Table 1: Pediatric POEM Cases; All values at 30 ml filling mode.
While the current patients did not reach the EG junction
distensibility mark of 2.9 set by Rohof [14] their symptoms were
resolved and they have not developed any recurrence. The 2.9 cutoff

was developed using a cohort of healthy adults (40 ± 4.1 years).
Additional studies in adults measuring distensibility pre- and postPOEM (Table 2) have much higher post distensibility (8.2 ± 3) [15].
The patients in these studies did have slightly higher pre distensibility
(1.8 ± 1.1). There may be fundamental differences in the distensibility
of adults and children past the physical size or space such as tissue
plasticity. Studies in children with larger samples and a healthy
baseline will be needed to establish age specific recommendations
[16-18]. Long-term EndoFLIP imaging in POEM patients may also
help explain the differences observed.

Patient

Rieder et al. [16]

Teitelbaum et al. [15]

Teitelbaum et al. [17]

Verlaan et al. 2013 [18]

Number of POEM Patients

4

14

19

10

Age (in years)

64 17

48 15

49 16

43 (IQR 31-66)

72

72

8 (IQR 4-8)

1.8 1.1

1.8 1.4

1.0

Pre-POEM Eckardt score
Pre-POEM Distensibility (mm2/mmHg)

Post-POEM Measure

0.8
(0.7-1.0)

(IQR 0.8-1.5)

Immediately after POEM

3 months after POEM

Post-POEM Eckardt score
Post-POEM Distensibility (mm2/mmHg)

3.1

Not reported

Not reported

1 (IQR 0-1)

8.2 3

9.3 4.1

2.9

(Range 1.7-3.4)

(IRQ 1.3-19.6)

Table 2: Adult reported POEM cases; All values at 30 ml filling mode.
In conclusion, two successful POEM procedures in children have
been completed using intra-operative measurement techniques. In
contrast to adults, early results suggest teenage patients may initially
have narrower EG junctions leading to lower post-myotomy
distensibility. Short-term health outcomes have been excellent possibly
indicating a lower distensibility threshold for pediatric patients. With
similar or potentially better outcomes, endoscopic procedures have the
potential to reduce patient inconveniences such as pain and hospital
stay. Further, the use of intra-operative luminal imaging allows the
surgeon real-time feedback on their progress.
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