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Robotic-Assisted Heller Myotomy Versus
Laparoscopic Heller Myotomy for the Treatment
of Esophageal Achalasia: Multicenter Study
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Laparoscopic Heller myotomy (LHM) has become the standard treatment option for achalasia. The in-
cidence of esophageal perforation reported is about 5%–10%. Robotically assisted Heller myotomy
(RAHM) is emerging as a safe alternative to LHM. Data comparing the two approaches are scant.
The aim of this study was to compare RAHM with LHM in terms of efficacy and safety for treatment
of achalasia. A total of 121 patients underwent surgical treatment of achalasia at three institutions. A ret-
rospective review of prospectively collected perioperative data was performed. Patients were divided into
two groups: group A (RAHM), 59 patients, and group B (LHM), 62 patients. All the operations were
completed using minimally invasive techniques. There were 63 women and 58 men, with a mean age
of 45 6 19 years (14–82 years). Fifty-one percent of patients in group A and 95% of patients in group
B reported weight loss. Duration of symptoms was equal for both groups. Dysphagia was the main com-
plaint in both groups (P 5 NS). There was no difference in preoperative endoscopic treatment in both
groups (44% versus 27%, P 5 NS). Operative time was significantly shorter for LHM in the first half of
the experience (141 6 49 versus 122 6 44 minutes, P ! .05). However, in the last 30 cases there was no
difference in operative time between the groups (P 5 NS). Intraoperative complications (esophageal per-
foration) were more frequent in group B (16% versus 0%). The incidence of postoperative heartburn did
not differ by group. There were no deaths. At 18 and 22 months, 92% and 90% of patients had relief of
their dysphagia. This study suggests that RAHM is safer than LHM, because it decreases the incidence of
esophageal perforation to 0%, even in patients who had previous treatment. At short-term follow-up,
relief of dysphagia was equally achieved in both groups. ( J GASTROINTEST SURG 2005;9:1020–
1030) � 2005 The Society for Surgery of the Alimentary Tract
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Even though achalasia is the most common pri-
mary motility disorder of the esophagus, the disease
is uncommon, with an estimated annual incidence in
the United States of about 1 in 100,000 individuals.
The treatment is always palliative and is aimed to
decrease the outflow obstruction at the level of the
lower esophageal sphincter (LES). Over the years,
several treatment alternatives have been proposed,
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starting with Willis in 1672 who reported the first
patient treated with esophageal dilatation,1 Russel
in 1887 described the first balloon dilatation,1 Heller
in 1913 describing the first esophageal myotomy,1

to Pellegrini and Cuscheri in the early 1990s
who described the minimally invasive approach,
showing the obvious benefits of reduced morbidity,
shorter postoperative hospital stay, and decreased
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postoperative pain.2,3 Evidence-based medicine has
shown surgical treatment as the most effective
choice, because the improvement of symptoms fol-
lowing surgery lasts longer.8–13 Despite encouraging
reports supporting the minimally invasive approach,
the rate of esophageal perforation has remained
nearly as high as those seen with the open techniques
(1%–15%) (Table 1).

We first performed robotic assisted surgery in
September 2000 and rapidly learned that the pres-
ence of three-dimensional image and the suppression
of the tremor were important additions to our stan-
dard laparoscopic techniques. It was obvious to us
that the introduction of robotic technologies for
the performance of operations that required a higher
degree of skills (e.g., esophageal myotomy) was a log-
ical evolution. Several studies have demonstrated the
safety and feasibility of robotics in general surgery.
Some of these reports compared conventional lapa-
roscopy with robotic techniques.4 However, to our
knowledge, no report in the literature has compared
the application of robotics with the standard laparo-
scopic techniques for the treatment of esophageal
achalasia.

The aim of this study is to compare the efficacy
and safety of robotically assisted Heller myotomy
(RAHM) with laparoscopic Heller myotomy
(LHM) for treatment of achalasia.

MATERIAL AND METHODS

A retrospective review was performed of patients
who underwent minimally invasive Heller myotomy
for the treatment of esophageal achalasia at the

Table 1. Esophageal Mucosa Perforation Rate
Among Centers With Large Experience

No.
of

Cases

Previous
Treatment

(n)

Mucosal
Perforation

(n)
Conversion

(n)

Hunter et al.,
199717

40 30 (75%) 6 (15%) 0

Patti et al.,
199910

133 NA 6 (5%) 1 (1%)

Finley et al.,
200118

98 67 (68%) 1 (1%) 0

Zaninotto et al.,
200119

100 10 (10%) 5 (5%) 6 (6%)

Bloomston et al.,
200120

111 88 (79%) 8 (7%) 3 (3%)

Sharp et al.,
200221

100 74 (74%) 8 (8%) 3 (3%)

Total 542 28 (5%) 13 (2%)
Minimally Invasive Surgery Department of the Uni-
versity of Illinois, Chicago, Hospital de Clinicas Jose
de San Martin, Buenos Aires, Argentina, and Hospi-
tal Italiano, Mendoza, Argentina. Patients who un-
derwent RAHM constituted group A, and patients
who underwent LHM represented group B.

Preoperative Evaluation

The diagnosis of achalasia was made based on
symptoms, barium swallow, and upper endoscopy.
However; the definitive diagnosis was always made
by means of esophageal manometry.

Symptomatic Assessment

Cardinal symptoms were dysphagia, regurgita-
tion, chest pain, and heartburn. Before and after
surgery, patients scored their symptoms using
a five-point symptom score according to frequency,
ranging from 0 (never) to 1 (once a month), 2 (once
a week), 3 (once a day), and 4 (several times a day).
The swallowing status was graded as follows: excel-
lent (no dysphagia), good (occasional dysphagia), fair
(frequent dysphagia), and poor (severe dysphagia).

Barium Esophagogram

A barium swallow was routinely done during the
initial examination and was often accompanied by
fluoroscopic assessment. The study demonstrated
the typical features of achalasia (i.e., tapering at the
level of the gastroesophageal junction or ‘‘bird’s
beak’’ and esophageal dilation) in 85% of patients.
Sigmoid esophagus was present in 7% of patients.
One patient had an epiphrenic diverticula and one
patient presented with hiatal hernia in addition to
achalasia.

Upper Endoscopy

Exclusion of mechanical obstruction or mucosal
damage was performed by endoscopy. The impor-
tance of detecting tumors causing pseudoachalasia
has already been described.5

Esophageal Manometry

A four-channel water-perfused motility catheter
with 5-cm spacing between sensors was passed via ei-
ther the nares or the mouth into the stomach, fol-
lowing which a station pull-through technique was
used to assess the LES and the esophageal body.
The esophageal body was assessed with 10 consecu-
tive wet swallows. LES pressure (normal 5 14–24
mm Hg), LES relaxation, and esophageal body
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proximal and distal amplitude and duration were
assessed.

Surgical Technique

Robotic-Assisted Heller Myotomy
The operative technique for RAHM has been pre-

viously described.6 After satisfactory induction of
general endotracheal anesthesia, the patient is placed
in the semilithotomy position over a ‘‘bean bag.’’
The room set-up is shown in Figure 1. Trocar place-
ment is similar to that for LHM and is identical for
every advanced esophageal procedure, with a camera
port placed 2 cm to the left of the umbilicus, approx-
imately two finger-breadths above the umbilicus.
Fig. 1. Operating room set-up.
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Two 8-mm trocars are placed in the right and left
upper quadrant in the midclavicular line for the
two robotic arms. A 0.5-cm incision is made in the
subxyphoid area, and the left lobe of the liver is then
retracted anteriorly using the Nathanson liver re-
tractor. An assistant port is placed in the left anterior
axillary line 2 cm below the costal margin. Pneumo-
peritoneum is induced through an incision using the
camera port. At this point, the nursing personnel ap-
proximate the robotic surgical cart into position and
the arms of the robot are attached to the three spe-
cific trocars. The set-up of the robot is usually per-
formed by the assistant at the bedside. The left
crura approach is routinely used. The operation is
started by dissecting the left and right crura and di-
viding the proximal short gastric vessels using the
harmonic scalpel. Only the anterior part of the
esophagus is dissected, respecting the posterior at-
tachments. After passing a 44 Fr bougie through
the mouth, the fat pad is removed to better expose
the gastroesophageal junction. The anterior branch
of the vagus nerve is mobilized from the esophageal
wall. The myotomy is started out just above the gas-
troesophageal junction on the 12 o’clock position
using the robotic articulated hook electrocautery
(Fig. 2). The submucosal plane is reached in one
point. This is followed by extending the myotomy
a minimum of 6 cm proximally and for about 2–3
cm distally into the stomach (Fig. 3). The preferred
antireflux operation is the Dor fundoplication, which
is an anterior 180 � fundoplication.7 The Dor fundo-
plication is composed of two rows of sutures. The
first stitch on the left side includes the gastric fundus,
the left crura, and the left side of the myotomy. The
remaining two stitches include the stomach and the
left edge of the myotomy. The second row of sutures
is created in the same fashion; by placing the first
stitch incorporates the gastric fundus, the right
crura, and the right side of the myotomy. Two
stitches are then placed between the stomach and
the right edge of the myotomy.

Laparoscopic Heller Myotomy
After satisfactory induction of general endotra-

cheal anesthesia, the patient is placed in low
lithotomy position with the legs on stirrups. Trocar
placement is similar to that for RAHM. Pneumoper-
itoneum is induced with CO2 through the camera
Fig. 2. Beginning of the esophageal myotomy at the gastroesophageal junction, using the Da Vinci
specific instruments.
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Fig. 3. Finalized robotically assisted Heller myotomy, extending a minimum of 6 cm proximally and for
about 2 cm distally into the stomach.
port. The operation is started by dissecting the left
crura from the esophagus. After this, the top short
gastric vessels are taken down using the harmonic
scalpel. Anterior and lateral dissection of the esoph-
agus is routinely carried out, extending well into the
thorax in order to complete the myotomy; no poste-
rior dissection of the esophagus is performed. Once
a 44 Fr bougie is inserted into the esophagus, the op-
eration is similar to the one described earlier. The
hook electrocautery is used to perform the myotomy
and the Endostitch (US Surgical Corp., Norwalk,
CT) to perform the fundoplication. Perforations
were closed using 4-0 silk using laparoscopic sutur-
ing techniques when appropriate.

Follow-up

Patients were seen in follow-up 1 week after sur-
gery and every 3 months for the first year. After this,
patients were seen at regular 6-month intervals or
they were contacted by telephone interview. De-
tailed symptomatic evaluation was obtained during
each follow-up visit. Follow-up was available in
89% of patients after LHM and in 90% of patients
after RAHM. Of the entire group, 70% of patients
had 12 months or more of follow-up. The total
length of follow-up was 22 6 16 months for the lap-
aroscopic group and 18 6 11 months for patients
who underwent RAHM.

Statistical Analysis

The groups were compared using c2, Student’s
t test, and analysis of variance as indicated. Paired
Student’s t test was used for observation before and
after treatment in the same individual. All results
are expressed as mean 6 standard deviation unless
otherwise stated. Differences were considered signif-
icant at P ! .05.

RESULTS
Laparoscopic Heller Myotomy

Between August 1995 and November 2004, 62
patients underwent LHM at the Department of
General Surgery of the Hospital de Clı́nicas Jose
de San Martin, Buenos Aires, Argentina, and Hospi-
tal Italiano, Mendoza, Argentina. Thirty-three
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(53%) patients were female and 29 (47%) patients
were male. Average age was 48 6 19 (range, 15–82
years). These patients were symptomatic for an aver-
age of 56 6 67 months. Weight loss was reported
in 95% of patients. Additionally, in this group 10
patients had Chagas disease (Table 2).

Seventeen patients (27%) underwent previous en-
doscopic intervention. Sixteen of them (94%) under-
went pneumatic dilatation and only 1 patient had
botulinum toxin type A (Botox) (6%).

Operative and Postoperative Course
The operation was completed laparoscopically in

61 (98%) patients. Operative time was 122 6 44
minutes, decreasing to an average of 104 minutes
in the last 30 cases. The most common intraopera-
tive complication was esophageal mucosa perfora-
tion. This complication was observed in 10 (16%)
patients and it was repaired laparoscopically in 9 pa-
tients. In one patient the repair could not be accom-
plished laparoscopically and conversion to an open
procedure was necessary. One patient developed in-
traoperative bleeding during the takedown of the
short gastric vessels. No conversion was needed in
this case. On postoperative day 2, one patient devel-
oped postoperative pneumonia, which resolved
with a 7-day course of antibiotics. Blood loss aver-
aged 32 ml (10–100 ml). Patients were given clear
liquids the morning following surgery. Mean length
of hospital stay was 2.2 days (1.0–8.0 days), with 79%

Table 2. Comparison Between Group A (Probotic 5

Assisted Heller Myotomy) and Group B (Laparoscopic
Heller Myotomy)

Group A
(n 5 59)

Group B
(n 5 62)

P
Value

Age 42 6 19 48 6 19 .09
Duration of symptoms 64 6 78 56 6 67 .55
Weight loss (% of patients) 51 95 !.01*
Dysphagia (% of patients) 100 100 1
Previous treatment

(% of patients)
44 27 .08

LESP (mm Hg)
Preoperative 33 6 13 26 6 6 !.01*
Postoperative 7.1 6 3.8 10 6 1.5 !.01*

Operative time (min) 141 6 49† 122 6 44† .03*
Esophageal perforation

(% of patients)
0 16 !.01*

Postop GERD (% of patients) 17 16 .9
Good/excellent (% of patients) 92 90 .5

LESP 5 lower esophageal sphincter pressure; GERD 5 gastroesoph-
ageal reflux disease.
*P 6 .05.
†Last 30 cases group A versus group B (P 5 .5).
of patients discharged within 48 hours. No deaths
related to the procedure were observed. One patient
died from laryngeal carcinoma 1 year after surgery.

Symptomatic Assessment
All the patients experienced dysphagia as their

most frequent symptom, and 79% of patients experi-
enced regurgitation in addition to dysphagia. They
were symptomatic for an average of 56 6 67 months.
The severity score for dysphagia was 2.9 6 0.7. Pa-
tients who received endoscopic treatment before sur-
gery were older, and experienced symptoms for
longer periods of time compared with patients who
did not received prior interventions. After surgery,
48 patients (90%) considered their swallowing status
as good or excellent at the mean follow-up of 22
months. The severity of dysphagia decreased to 0.3
6 0.7 (P ! .001). No patient required additional en-
doscopic or surgical treatment in this group. How-
ever, two patients required upper endoscopy for
food impaction. Ten patients (16%) experienced
symptoms of gastroesophageal reflux. These patients
were appropriately managed with proton pump
inhibitors.

Manometric Evaluation
All the patients underwent esophageal manometry

in the preoperative evaluation. The LES resting
pressure was hypertensive in 48% of patients and
normal in 52% of patients. Overall, the LES pres-
sure was 26 6 6 mm Hg. The LES relaxation was ei-
ther absent or incomplete in every patient. After the
esophageal myotomy, the LES pressure decreased
substantially (10 6 1.5, P 5 .01), regardless of
whether patients underwent previous treatment or
not. Esophageal body peristalsis was absent in all
cases before and after surgery.

Robotically Assisted Heller Myotomy

A total of 59 consecutive patients underwent
RAHM for the treatment of esophageal achalasia at
the Minimally Invasive Surgery Center at the Uni-
versity of Illinois. Thirty patients (51%) were female
and 29 (49%) were male. Mean age was 42 6 19
years (range, 14–82 years). Weight loss was reported
by 51% of patients in this group.

Twenty-six patients (44%) had previous endo-
scopic treatment before surgery before RAHM
(group A). Seventeen patients (65%) had pneumatic
dilation, four patients (15%) had Botox injection,
and five patients (20%) had both procedures. In ad-
dition, in this group, one patient had a previous open
transthoracic Heller myotomy 17 years prior to the
referral. One additional patient had LHM with
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Toupet fundoplication 2 years prior to the roboti-
cally assisted operation.

Operative and Postoperative Course
The operation was completed laparoscopically

with the assistance of the robotic system in all the pa-
tients. Operative time was 141 6 49 minutes, includ-
ing robotic set-up time (i.e., draping of the arms of
the robot, surgical cart positioning, and instruments
set-up). In the last 30 cases, the overall operative
time decreased to 108 minutes. No mucosal perfora-
tions were observed. Two patients (3.7%) developed
postoperative complications. One patient developed
an incarcerated incisional hernia through the port
site on postoperative day 4. A second patient had
a delayed perforation of the transverse colon requir-
ing partial colectomy. Upon review of the operation,
we did note that the patient had right upper quad-
rant adhesions, which were taken down under direct
vision using the harmonic scalpel, and we hypothe-
sized that a thermal injury to the bowel could be
the cause of this clinical picture. It is worth high-
lighting that the duration of the operation in patients
who received prior endoscopic intervention was an
average of 45 minutes longer. Blood loss averaged
22 ml (5–80 ml). There were no conversions to open
procedures or to conventional laparoscopy. Patients
were given clear liquids the night of the operation.
Mean length of hospital stay was 1.5 days (range,
0.8–4 days), with 85% of patients discharged within
48 hours. There were no deaths in this cohort.

Symptomatic Assessment
All of the patients experienced dysphagia as their

most frequent symptom, regurgitation being the sec-
ond most frequent symptom (78%). Patients experi-
enced symptoms for an average of 64 months (range,
3–300 months). Patients who had prior unsuccessful
endoscopic treatment were older and had had their
symptoms considerable longer when compared with
their untreated counterparts. After surgery, 50 pa-
tients (92%) considered their swallowing status as
good or excellent at the mean follow-up of 18
months. The severity of dysphagia decreased signif-
icantly from 3.6 6 0.6 preoperatively to 0.4 6 0.8
postoperatively.

Additional endoscopic treatment was necessary in
two patients; one of them had recurrent dysphagia 8
months after surgery, and the other had persistent
dysphagia 2 months after surgery. Pneumatic dilata-
tion was performed, and both patients obtained
complete relief of symptoms.

Ten patients (17%) complained of gastroesopha-
geal reflux symptoms after surgery. All of these pa-
tients were offered the opportunity to undertake
a pH monitoring study. Of the five patients who
consented to undergo the study, only one (20%)
had an abnormal DeMeester score. These patients
were treated with proton pump inhibitors with good
outcomes.

Manometric Evaluation
Esophageal manometry data were available in 56

(95%) patients before surgery. The LES resting
pressure was hypertensive in 67% of patients and
normal in 32% of patients. Only one patient had
LES pressure less than 10 mm Hg in this cohort.
This patient had both pneumatic dilatation and Bo-
tox injections preoperatively. Overall, the LES pres-
sure was 33 6 13 mm Hg. The LES relaxation was
absent in 47% of patients and partial in 53% of pa-
tients. After surgery, the LES pressure decreased
considerably (7.1 6 3.8, P 5 .01), regardless of
whether patients underwent previous treatment.
Esophageal body peristalsis was absent in all of the
patients before and after surgery.

DISCUSSION

The aim of therapy for achalasia is to relieve the
resistance at the level of the LES and to improve
esophageal emptying. During the 1970s and 1980s,
the first option for treatment was pneumatic dilata-
tion. The alternative approach and the procedure
of choice for those with advanced disease or patients
who failed dilatations was Heller myotomy. In the
early 1980s, Csendes and colleagues demonstrated
that performing a transabdominal anterior esopha-
geal myotomy prevailed over balloon dilatation, of-
fering adequate long-lasting results in 90%–95% of
patients.8,9 However, surgery was not without disad-
vantages, and these included morbidity, mortality,
the need for general anesthesia, and a long hospital-
ization period. All of these drawbacks were defeated
by the introduction of minimally invasive surgery in
the field.2,3 The laparoscopic approach offered re-
sults at least as good as those from open procedures,
yielding, in addition, less postoperative pain, shorter
hospital stay, shorter disability, lower cost, and a bet-
ter cosmetic result than the open approach.10 Fur-
thermore, the application of these techniques have
almost permanently shifted the treatment algorithm
of the disease,11 making LHM the operation of
choice. In the current study, good or excellent results
were obtained in 90% of patients of group A and
92% of patients of group B. In order to obtain opti-
mal results, however, important technical principles
should be observed while performing the operation,
such as complete mobilization of the fundus of the
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stomach by dividing the short gastric vessels, ade-
quate extension of the myotomy (i.e., 6 cm into the
distal esophagus and 2–3 cm into the gastric wall),
and the addition of a fundoplication (Dor or Tou-
pet). Some of these essential technical aspects are
still a matter of debate. For instance, Oelschlager
and colleagues12 underlined the importance of pro-
longing the myotomy 2 to 3 cm below the gastro-
esophageal junction in preventing postoperative
dysphagia. Yet the extension of the myotomy onto
the proximal stomach continues to be the most diffi-
cult and important part of the operation. The chang-
ing in direction of the muscular fibers, from circular
of the esophagus to oblique at the stomach, makes it
difficult to develop the necessary submucosal plane
to divide the muscular fibers and bleeding is more
likely. These difficulties may elucidate why, in most
series, esophageal mucosa perforation takes place at
the gastroesophageal junction or below, and not in
the mediastinum (Fig. 4). The laparoscopic approach
provides a magnified operative field, increasing the
accuracy and improving the exposure during this
maneuver. Perforation rates are variable, ranging
from 1% to 15% in centers with large experience,
being the most common intraoperative complication
reported (Table 1). Several authors consider that
preoperative endoscopic treatment adversely affects
the results of LHM and draw a parallel between
the occurrence of mucosal perforations and prior
esophageal instrumentations.13.14 In the present
study, mucosal perforation occurred in 10 (16%) pa-
tients in the laparoscopic group. In this group, only
30% of patients in the laparoscopic group who had
mucosal tear underwent previous endoscopic treat-
ment, and for the most part, esophageal perforations
occurred during the first part of the experience. This
suggests that factors other than mere previous endo-
scopic treatment or the effect of the learning curve
could play a role in the frequency of this cumber-
some complication. Perhaps the natural impedi-
ments of laparoscopic surgery and the physical
challenges that surgeons endure with minimally in-
vasive techniques can elucidate this dilemma. In
the robotic-assisted group, no esophageal perfora-
tion was observed either linked to the number of
cases performed or related to previous endoscopic
treatment, and operative times were similar to those
of LHM after the first 30 cases. Several factors may
Fig. 4. Esophageal mucosa perforation during laparoscopic Heller myotomy.
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have played a role in decreasing the morbidity of the
procedure. First, elimination of the tremor of
the human wrist, freedom of movement of the artic-
ulated instruments, and three-dimensional vision al-
lowed us to visualize and divide each individual
muscular fiber, ensuring an adequate and safe myot-
omy. Second, another important advantage is resto-
ration of proper hand-eye coordination. Finally, in
order to decrease the incidence of perforation, we
perform the myotomy by spreading and tearing the
circular fibers, avoiding the use of the hook cautery
as much as possible, and subsequently reducing the
risk of intraoperative or delayed perforation. We
have no doubt that the three-dimensional image
plays a very important role in avoiding perforations
in patients with previous endoscopic treatment. This
experience is supported by our multicenter study of
robotic myotomies for the treatment of achalasia, in-
volving the University of Illinois, Ohio State Univer-
sity, and Johns Hopkins University, where in 104
robotic myotomies, no perforations were found.15

The other important point to consider is that the
majority of the conversions to open surgery reported
during LHM are required due to the intraoperative
recognition of a mucosal tear in addition to the com-
plexity of laparoscopic repair (Table 1). The emer-
gence of robotics has the potential to eradicate
those impediments, allowing the repair to be per-
formed in a better fashion with a better result. Chang
et al.16 demonstrated that with the assistance of the
robotic system, surgeons can exceed their laparo-
scopic performance, completing intracorporeal knots
better and faster. These attributes of the robotic sys-
tem have been of great significance in our practice by
decreasing morbidity without sacrificing efficacy at
least at short-term follow-up.

There are still several disadvantages to these sys-
tems. The setup, which includes the sterile draping,
the cart positioning, and the attachment of the tro-
car, is time consuming. In this cohort, this was re-
duced with the experience of the operating room
team after the first 30 cases. Other limitations are
the lack of tactile feedback and transiently the lack
of compatible instruments.

Certain limitations of our study must be acknowl-
edged. First, this is a nonrandomized comparison
study. Second, it can be argued that our analysis of
outcomes is limited by small number of patients.
On the other hand, the fact that esophageal achalasia
is a very uncommon disease and that there is alterna-
tive nonsurgical treatment precludes general sur-
geons from extensive exposure to many of these
procedures. As a result, only a few centers worldwide
have a large experience in the management of acha-
lasia of the esophagus.
CONCLUSION

RAHM provides similar outcomes in terms of
symptoms relief compared with LHM. When the
rate of intraoperative complications was compared
in this prospective nonrandomized study, the use of
computer-enhanced technology appears to have de-
creased the rate of esophageal mucosa perforation.
Randomized control trials comparing these thera-
peutic alternatives are needed to support these pre-
liminary findings.
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Discussion

Dr. Carlos Pellegrini (Seattle, WA): I would like
to frame my discussion into two separate parts: one is
the analysis of the paper and the data, the conclu-
sions, and the results, and the other one is what
I believe is my personal view on the use of the
robotic-assisted laparoscopic approach to achalasia
patients.

So for the first part, what you have seen is that the
authors have shown you two groups of patients, ap-
proximately 60 patients in each of the arms. Since
the duration of symptoms and the disease, the preop-
erative treatments, and so forth appear to be the same
in the two groups of patients, the populations are as-
sumed to be similar. In reality, however, these pa-
tients were operated on at two different institutions,
at two different times, and by surgeons with different
experience. Thus, the striking difference in the perfo-
ration rate, 0% versus 16%, is not as easy to interpret.
I believe that the most important element that deter-
mines the perforation rate is the surgeon’s
experience.

It seems to me, given that you are comparing the
initial experience in two centers in Latin America
with the experience here in Illinois, knowing that
you have significant experience with achalasia treat-
ment, that the experience of the surgeon might be
a factor involved here to a greater extent than the
use of the robotic-assisted technology. In fact, if
you look at the table that you presented today, a per-
foration rate of 16% is the highest rate of any of the
large series. We have 5%. Most people today accept
5% or less as a perforation rate, and I would submit
to you that with more experience that can be de-
creased to that level at least.

So I would ask you to comment on the role that
you think the experience, you versus the others
who personally did this, had to do with this issue?

The second part of my discussion addresses what I
believe is the application of robotic technology, and
one could assume from what I just said that I am
against it. Well, I am not. In fact, I believe that the
authors are correct in that the threeddimensional
view that one gets with the robot, and in particular,
in achalasia patients where the details of the opera-
tion are so important, the ability to operate with an
absolute complete view of the arm and the ability
of the arm to rotate the way it doesdit seems to
me intuitively that it gives us an advantage. I have
used the robot in achalasia patients and have found
it to be useful.

Achalasia surgery is the place where I can see the
potential for the greatest benefit in the application of
robotics. In addition, I think that the robot or the ro-
botic technology is, as Richard Satava has referred
to, an information system with arms, just like the
CT scan is an information system with eyes, and
therefore the potential in the future for the use of ro-
botic technology is extraordinary.

However, I am concerned with the current status
of the robot, and I wonder if you would comment on
three issues.

One is the fact that as it is currently configured,
you need an assistant to do this operation from the
table side, and the assistant has to be a fairly experi-
enced person. I have found that if you have someone
who is not experienced, the ability of the person in
the console is significantly compromised. The assis-
tant, furthermore, is in a position of interacting di-
rectly with robots. That is contrary to any other
robotic technology that is around. In industry when
a robot is devised, the robot works with itself; no-
body puts their hands in there. When I am helping
my assistant with a robot, I end up with my hands
being banged constantly by the right and the left
arm of the robot. So is there something in the pipe-
line that would eliminate the need for the assistant?

The second issue has to do with instrument
change. In its current format it is rather complex
and I find that I frequently keep using the same in-
strument over and over just because I don’t want
the time or the risk involved in changing the instru-
ment. Indeed, we have had injuries to the liver and
one duodenal perforation that are attributed to the
instrument change. With that in mind I was
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wondering if the colonic perforation you had was not
also related to instrument change?

The entrance of the instrument with this instru-
mentation today is a bit dangerous and I am won-
dering if we have something that might facilitate
that.

The third issue is how do you teach this in a safe
manner? We need to have a separate second console
for the learner, as I think that is so important.

I do want to recognize that Dr. Horgan was actu-
ally the pioneer who started the routine application
of these procedures to the esophagus and, along with
Mark Talamini, of course, have shown us all the way.
Thank you very much.

Dr. Horgan: Thank you very much for the com-
ments, and I was expecting those tough questions
having had you as a mentor for many years.

With regard to your first comment regarding ex-
perience, we did think about that. We have the fel-
lows performing the myotomy in the robotic
group, and we know that they have almost no expe-
rience when they do the myotomy and they still
don’t perforate the esophagus. So having said that,
we do believe that even with the unexperienced sur-
geon, robotic myotomy does make a difference. If,
on the other hand, when asked, Phil Donahue in
our group, who has a lot of experience with laparo-
scopic surgery, agrees also with Marco Patti that
the perforation rate in their hands was not related
to experience.

We did find out that when we compared advanced
skills in the lab that surgical residents do much better
suturing with the robot than they did with the lapa-
roscope. That is something that your group has also
found in Seattle. So we may think that experience
plays a role, but we don’t see that.

With regard to the assistant and the robot, we do
agree that at the beginning of the learning curve with
robotic surgery, one feels much more unsafe or inse-
cure with who is assisting, and we want to have as
good an assistant as you have a surgeon. But the
new system has four arms, and four arms allows
you to do solo surgery, and that we have proved
and we have shown at the American College of Sur-
geons meeting with esophageal leiomyoma or even
Nissen fundoplication where the assistant was of
a low resident entry level.

One needs to control how your instruments are
coming in and out because you don’t have a good
view, even though the new technology allows you
to switch from the control central image to a pano-
ramic image by the flip of a pedal. This is a new soft-
ware update.

Regarding instrumentation, this has been a prob-
lem with robotics. We started doing this operation
in 2000; we have done more than 500 cases right
now, and we have been working with a company in
trying to develop suction irrigation devices and en-
dostapler devices that will allow us to really do
purely solo surgery, and in the evolution we will have
a suction irrigation device very soon and address this
problem.

Our colonic perforation was a delayed ischemic
perforation with a Harmonic scalpel. It was not
due to banging into the colon with an instrument.

We do agree with you on how you teach this tech-
nology. We felt that teaching laparoscopy was stress-
ful; well, when you teach robotics, they have full
control of your Ferrari and they can go 400 miles
an hour if they want to. A second console is impor-
tant here. Based on what we have learned with air-
planes, we are in an evolution of technology.
Having said this, we do have a second system in
the lab, where we train our fellows and residents so
when they come to the operating room they already
know what to do.
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