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Abstract We report the first description of robotic-assisted
Heller myotomy in children. The purpose of this study was
to improve the safety of Heller myotomy by demonstrating,
in two adolescent patients, the contribution of the robot to
the different steps of this procedure. Due to the robot’s
freedom of movement and three-dimensional vision, there
was an improvement in the accuracy, a gain in the safety
regarding different key-points, decreasing the risk of
mucosal perforation associated with this procedure.

Keywords Esophageal achalasia - Heller myotomy -
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Introduction

Achalasia is a motility disorder of the esophagus charac-
terized by a loss in the receptive relaxation of the lower
esophageal sphincter in response to swallowing. Its causes
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remain unknown. The estimated incidence is approxi-
mately of 0.11 cases per 100,000 children; however,
symptoms occur in less than 5% of the cases during
childhood [1]. The symptoms consist of dysphagia, which
can have a major impact on the overall condition of the
individual, including significant weight loss. Diagnosis of
this disorder is confirmed by barium esophagram, esopha-
geal manometry, and upper endoscopy. The most effective
treatment for achalasia in adults and children is laparo-
scopic Heller myotomy [2—4]. This minimally invasive
approach provides durable, long-term outcomes without
the disadvantages of classic open Heller myotomy (i.e.,
postoperative pain, unaesthetic scar, and length of hospital
stay) [3]. However, complications can occur during the
different steps of this procedure, particularly mucosal
perforation [5, 6]. Robotic-assisted Heller myotomy has
recently been shown as a safe and effective treatment in the
adult population. Unfortunately, only a few pediatric cases
(less than 10) were included in the adult series; therefore,
the effects of this procedure on young adults and children
are still largely unknown [7-11]. We report here the case of
two children who were treated with the laparoscopic
robotic approach and examine the contribution of the robot
during each step of the process. This analysis will help to
improve the safety of this procedure for future treatments.

Patient and methods

We report the case of two children referred in our center for
symptoms of achalasia. The first one was a 14-year-old
boy, without previous medical issues, who presented with a
1-year history of dysphagia, vomiting and the necessity to
empty the esophagus 4-5 times during a meal. These
symptoms had a major impact on the overall condition of
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the subject, including a 5-kg weight loss and reduction in
the BMI from 18 kg/m? (thirtieth percentile) to 16.3 kg/m*
(eighth percentile). Achalasia was diagnosed by a barium
swallow. An esophageal manometry demonstrated a lack of
lower esophageal sphincter relaxation and disappearance of
peristaltic contractions. An upper gastrointestinal endo-
scopy revealed lower esophagus dilatation without evi-
dence of esophagitis or esophageal tumor.

The second patient was a 11-year-old girl presenting
symptomatic of achalasia, since 2 years with the associa-
tion of vomiting and cough during meal. She suffered from
a major weight loss (5 kg) before operation with a reduc-
tion of the BMI from 16.3 kg/m” (fortieth percentile) to
14.5 kg/m? (tenth percentile). Fibroscopy showed esopha-
geal dilatation with food stasis, whereas esophageal
manometry confirmed the diagnosis of achalasia diagnos-
tic. It was decided to perform surgical treatment for both of
them using the robotic platform as described below.

Results

Heller myotomy was performed using the Da Vinci Sur-
gical Robot manufactured by Intuitive Surgical (Sunny-
vale, CA, USA). The patients were placed in a supine,
reverse Trendelenburg position with an orogastric tube to
decompress the stomach. Four 8-mm robotic ports and one
5-mm accessory port were placed: the first one, for the
camera, just above the umbilicus, two 8-mm ports for the
robotic arms in the same line on the left- and right-hand
side, with a minimum 8-cm distance between each port to
allow for full-range motion of the robotic arms and the last
8-mm port in the right hypochondriac region to perform

Fig. 1 Schematic diagram of
the surgical robotic installation
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liver retraction. The accessory port was inserted between
the left port and the umbilicus. The robot was at the head of
the patient and the anesthesia team was on the right-hand
side. The surgeon operated while seated at a console and
controlled the three arms and three-dimensional camera.
The nurse and assistant surgeon were on the left-hand side
of the patient (Fig. 1).

After retracting the liver with a static robotic instrument,
the right crus was dissected, the posterior vagal trunk was
identified, and the gastric fundus was mobilized. Once the
lower end of the esophagus was identified, it was dissected
through the posterior mediastinum. This was facilitated by
the use of a traction stitch to surround the esophagus. The
esophageal myotomy started a few centimeters above the
gastroesophageal junction on the mediastinal esophagus.
This allowed us to easily identify the layer between the
mucosa and the muscle layers. We used 8-mm robotic
scissors and bipolar forceps. The articulation of these
devices provided precise control and helped to keep the end
of the instrument directly parallel above the esophageal
mucosal with a cranial and caudal fashion (Film).

The myotomy was extended proximally 5 cm from the
gastroesophageal junction and distally 2 cm onto the
stomach. For this latter dissection, the angle of the scissors
to the axis of the instrument was 180°. Here again, the
scissors remained strictly parallel to the muscle fibers with
no inadvertent perforation. The next step consisted of an
intraoperative endoscopy to ensure the effectiveness of the
myotomy and the absence of any mucosal perforation.

Finally, a Thal fundoplication was performed by sutur-
ing the fundus on the right side of the myotomy. The time
of surgery was, respectively, 300 and 220 min. No peri-
operative complication was noted.
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The immediate postoperative course was simple: food
consumption was resumed as early as the first day and
patients were discharged on the third postoperative day.
The symptoms had completely disappeared and the
patients’ general condition had improved significantly,
with a 5-kg weight regain for the first patient and a 4-kg
weight regain for the second one, respectively, after 2- and
1-year of follow-up.

Discussion

We reported here the cases of two children with successful
robotic-assisted surgical treatment of symptomatic eso-
phageal achalasia. Over the past 15 years, laparoscopic
Heller myotomy has been used as first-line treatment for
achalasia in adults and children and has provided durable,
long-term outcomes, as indicated by the lack of symptom
recurrence or of need for subsequent intervention [12].
Furthermore, this laparoscopic approach improves postop-
erative results in terms of length of hospital stay and
postoperative pain. As an alternative, some authors advo-
cate for a thoracoscopic approach, although meta-analyses
and a Best Evidence Topic report showed no difference in

Classical laparoscopic
instrumentation

long-term results, increased hospital stay and surgical time
in comparison with the laparoscopic approach [13]. Hence,
laparoscopic approach is the most favored surgical tech-
nique and laparoscopic Heller myotomy associated with
fundoplication has become the gold standard procedure for
achalasia in adults and children [2, 8, 12].

Some complications have been reported even when this
minimally invasive approach is performed by experts
[5-14]. The most serious one is the mucosal perforation
during esophageal dissection. We hypothesize the exis-
tence of determining risks and associated preventive atti-
tude for this particular step. Using standard laparoscopic
approach, the mediastinum is reached in a caudo-cranial
direction. However, esophageal myotomy should be per-
formed in both directions: cranial but also caudal.

Conventional laparoscopic instruments are rigid, with-
out any degree of freedom. It prevents the dissection being
performed from the esophagus to the stomach in a retro-
grade manner. This impossibility of bending of the devices
causes excessive traction on the tissues and possible
mucosal injuries [11, 14].

At this point, and during the whole gastric dissection,
the muscle fibers are very close to the mucosal wall without
accurate and well-defined partition. In such narrow spaces,

8 mm robotic instrumentation
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Fig. 2 Technical point: risk of mucosal perforation and different
approach of dissection. The left side of the image shows a traditional
laparoscopic dissection with high perforation risk. In the right side
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8-mm robotic instruments with 7 degrees of freedom allow
the dissection to be performed (Fig.2) in a tangential
manner in order to reduce the risk of mucosal tear in such
narrow spaces. Thus, robotic platform is admitted as a
modern and safe technique for this indication [7]. To our
knowledge, one case (adult) of esophageal perforation has
been reported with the robotic series, while the rate varies
from 1 to 15% in large cohorts of patients who underwent
standard laparoscopic Heller myotomy [8—11].

The main limit of this technique remains the cost effi-
ciency [7]. Long-term results are expected given potential
alternative approach consisting in peroral endoscopic
myotomy including recent pediatric series [15] with
encouraging results.

Conclusions

Even in the absence of statistical evidence particularly for
children, we believe that the use of the robot during Heller
myotomy decreases the risk of esophageal mucosal perfo-
ration, thanks to an improved three-dimensional visual-
ization and an increased degree of instrument freedom.
Larger series are expected to confirm its efficiency and
safety in children.
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