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Abstract
Introduction: Minimally invasive esophageal surgery includes robot assisted approach. We here present our initial results of robot assisted
minimally invasive esophagectomy in terms of quality of oncological resection, morbidity and mortality.

Materials and methods: Data from our first 12 consecutive patients submitted to esophagectomy by RAMIE approach were prospectively
collected between November 2015 and May 2016.

Results: All our 12 patients were male patients with a median age of 64 years. Median BMI was 25 kg/m² (20-29); ASA score classification was
II (83%) and III (17%). Tumor type was adenocarcinoma in 66.7% and squamous cell carcinoma in 33.3% of patients. Tumor location was Siewert
I in 16.7%, Siewert II in 8.3% and medium-distal esophagus in 75% of cases. 75% of patients received neoadjuvant treatment. Robot-assisted total
esophagectomy was performed in 4 cases (33.3%) and robot-assisted Ivor-Lewis in 8 cases (66.7%). Conversion to thoracoscopy was necessary in
one case due to pachypleuritis and there was no need to convert to open surgery. Median operating time was 320 min (210-480). Thoracic end-toend anastomosis was performed in 8 cases (66.7 %) and cervical anastomosis in 4 cases (33.3 %). There were 2 anastomotic leaks (17%). Resection
was considered R0 in all cases. Median number of retrieved lymph nodes was 18 (6-35). Median ICU stay was 6.5 days (1-25). Median hospital stay
was 13.9 days (8-28). 30-day mortality was 0%.
Conclusion: Our first experience in RAMIE is acceptable, with adequate oncologic results and outcomes comparable to those of MIE.
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Initial Experience in Robot Assisted Minimally
Invasive Esophagectomy (RAMIE)
Introduction
The treatment with curative intent for esophageal cancer
remains the esophagectomy [1]. Surgical resection of the
esophageal cancer is a challenging procedure compared to other
gastrointestinal cancer mainly due to anatomical difficulties
and association with high rates of cardiopulmonary morbidity
and mortality [2,3]. Minimally invasive esophagectomy offers
Symbiosis Group

many advantages in comparison with open surgery: less surgical
trauma, decrease in operative time, blood loss, post-operative
complications, hospital stay and comparable oncological
outcomes [4,5]. However, one of the main inconvenient is the
learning curve associated with this technique due to the difficult
dissection of the structures in a narrow space as the mediastinum
[6,7]. Mainly the use of long instruments with limited degree of
freedom and two-dimensional view can become hindrance for
optimal dissection [8,9]. Compared to the traditional minimally
invasive procedures, robotic –assisted surgery offers several
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potential advantages. One of them is that this platform can
accelerate the learning curve of minimal invasive esophagectomy
with the help of magnified three-dimensional view, improved
articulation of instruments with seven degree of freedom,
improved dexterity and enhanced ergonomics [10-12].

The two most frequent minimal invasive techniques are
transhiatal esophagectomy and transthoracic esophagectomy.
Transhiatal esophagectomy involves laparoscopy with
blunt dissection of the esophagus (without thoracotomy or
thoracosopy) and cervical esophagogastric anastomosis [13]. Ivor
Lewis esophagectomy is the classic transthoracic esophagectomy,
which consists of laparoscopy and right thoracotomy or
thoracosopy with intrathoracic anastomosis [14]. The 3-incision
McKeown approach is a modified transthoracic esophagectomy,
which utilizes the right thoracic and abdominal portions of IvorLewis esophagectomy with an added left cervical anastomosis.
Compared to transhiatal esophagectomy, transthoracic
esophagectomy allows the removal of the intrathoracic
esophageal tumor with a wider radial margin, and the oncologic
resection of extensive mediastinal lymph nodes, but is associated
with significant in-hospital morbidity (but not mortality),
predominantly respiratory complications [15-17]. Transhiatal
esophagectomy carries a lower complication rate, but only a
limited lymphadenectomy can be performed with no dissection
of the carinal and paratracheal lymph nodes [16,17]. Although
no significant difference in 5-year survival was seen between the
transhiatal and transthoracic esophagectomy groups, there was
a trend towards survival benefit: overall survival was 29% in the
transhiatal group, as compared with 39% in the transthoracic
group [16].

Some limitations of the minimally invasive approaches to
esophagectomy include the 2-dimensional view, decreased
freedom of movement, narrow field of the mediastinum and
reduced eye-hand coordination. Robotic system provides the
possibility to overcome some of these limitations by offering
3-dimensional camera with 10× magnification and wristed
instruments. The robotic system can be safely used during the
thoracic dissection of the esophagus, gastric mobilization and
intrathoracic anastomosis. It can also be used in combination with
laparoscopy, hand-assisted laparoscopy or thoracoscopy. Several
groups have reported their experience with robot-assisted
esophagectomy. The aim of this paper is to show our preliminary
experience with our first 12 robotic esophagectomies.

Patients and Methods

This is a retrospective analysis of a prospectively maintained
database including the first 12 cases of robotic esophagectomy at
the Hospital Clinic, Barcelona, Spain.

Patient data relevant to our analysis included age, sex, ASA
score, comorbidities, BMI, tumor stage, tumor histology, adjuvant
treatment, type of resection, intraoperative and postoperative
complications, operative time, conversion, R status of resection,
lymph node retrieval, hospital and ICU stay, morbidity, mortality
and median survival.
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All patients signed the informed consent and had a complete
history and physical. Staging was performed in all cases with
chest and abdomen CT, PET and endoscopic ultrasound.

Statistical Analyses

Descriptive statistics, including frequencies and proportions
for categorical data, and means and standard deviations for
continuous outcomes were calculated for all study measures.
A p value of 0.05 was considered to be statistically significant.
Survival estimates were calculated using the Kaplan-Meier
method. Statistical analyses were performed using SPSS 19 (SPSS,
Inc) software.

Operative Technique

DWe perform the esophagectomy with the robotic platform
in the thoracic part. The patient was placed in the prone position.
The robotic cart was situated to the left side of the patient. The
operative trocars for the robot (one 12- mm port for the assistant
and three 8-mm ports for the arms) were placed. The first
robotic port was inserted 1 finger-breadth below and posterior
to inferior angle of scapula in the 5th or 6th intercostal space.
Two 8-mm trocars were positioned under direct thoracoscopic
vision in a vertical line at a distance of 5 cm and in triangulation
with the camera port in the third and eighth intercostal spaces,
respectively. One 12-mm port for the assistant was placed
between the left working port and the camera port. This was
used for suction and clip/stapler application. Pneumoinsufflation
was created at a pressure of 7 mm Hg. With the patient in a
prone position, the esophagus falls anteriorly out of its normal
position, which creates natural tension and simplifies dissection.
We used Maryland bipolar forceps in left arm and hot shears
(hook with monopolar current) in right arm of the robot. The
procedure began with the incision of the visceral pleura between
the esophagus and the lung just inferior to the azygos vein. This
helped in keeping the esophagus attached to the pleura on the
aortic side. More than 3 fourths of the circumference of the
esophagus was mobilized in this way from the cranial to the
caudal direction. The plane of dissection was outside the vagus.
The posterior large direct aortic branches were then clipped,
and the small branches were cauterized with bipolar forceps.
This completed the mobilization of the esophagus all around.
The caudal limit of the dissection was the hiatus. The same
dissection was continued in the supra-azygos region. The vagal
fibers going to the bronchus were preserved. The azygos vein was
dissected and sectioned. Complete mobilization of the esophagus
was achieved. The specimen also included the lower and middle
mediastinal, subcarinal, and right paratracheal nodes. We try to
identify and preserve the thoracic duct in all cases.
Stomach mobilization was done laparoscopically. All the
nodes along the left gastric, paraesophageal, splenic and along
the hepatic artery were removed. The stomach was mobilized
on the right gastro epiploic and right gastric artery. The stomach
tube was prepared intracorporially and calibrated with a bougy.

In case of Ivor-Lewis procedure, we make the esofhagus
section above the azygos vein. We introduce the stomach tube
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into the chest and section it in a good zone to avoid anastomosis
tension. We perform a robotic handsewn anastomosis like we
show in the video.
Left supraclavicular 3 cm incision was taken in case of total
esophagectomy with cervical anastomosis. The two heads of the
sternomastoid were separated and the esophagus was pulled
up to the wound. The esophagus was cut and the nasogastric
tube was attached to the distal end. The specimen was removed
through the cervical incision. The stomach tube was attached to
the nasogastric tube and was pulled to the neck. Esophagogastric
anastomosis was then done, hand-sewn or with staplers.
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of 8 incidents (66.6%). Pneumonia was the most commonly
observed event (3 cases, 25%) followed by anastomotic leak (2
cases, 16.6%). Also there were a case of atelectasis (8.3%), one
of pleural effusion (8.3%) and one of pneumothorax (8.3%). Late
complications were present in 4 patients: 2 cases of anastomotic
stricture (16.6%) and 2 cases of recurrent nerve palsy, one
temporary (8.3%) and one permanent (8.3%) (See table 1 for
morbidity assessment). At the end of the study period, 10 patients
(83.3%) were alive in disease free stage at the median follow
up of 18 months. There was a patient who dead due to disease
progression. Also there was a patient alive but with disease
progression. Figure 1 shows the Kaplan Meier survival analysis.
Table 1: Morbidity assessment

COMPLICATION

INTRAOPERATIVE
Bleeding

30- DAY POSTOPERATIVE (Clavien Dindo)

n (%)
1 (8.3%)
1 (8.3%)

8 (66.6%)

Anastomotic leak (IIIb)

2 (16.6%)

Atelectasia (I)

1 (8.3%)

Pneumothorax (IIIa)

1 (8.3%)

Pneumonia (II)

3 (25%)

Pleural Efussion (I)

LATE COMPLICATIONS

Results
From November 2015 until May 2016, a total of 12 robotassisted esophagectomies were performed in our institution. All
were male patients with a median age of 64 years. Median BMI
was 25 kg/m² (20–29); ASA score classification was II (83%)
and III (17%). Tumor type was adenocarcinoma in 66, 7% and
squamous cell carcinoma in 33,3% of patients. Tumor was located
at the mid-esophagus in 1 patient (8.3%), at the distal esophagus
in 8 patients (66.6%) and at the esophagogastric junction in 3
patients (25%). Eight patients (66.6%) received neoadjuvant
chemoradiotherapy and 1 patient neoadyuvant chemotherapy
(8.3%).
Robot-assisted 3-field total esophagectomy (McKeown)
was performed in 4 cases (33.3%). Robot-assisted Ivor-Lewis
approach was performed in 8 cases (66.7%). In all cases robotic
assistance was used at the thoracic field for dissection and
thoracic anastomosis construction. Cervical anastomosis were
performed manually or stapled by conventional open approach.
In 1 patient (8.3%) conversion to transhiatal laparoscopic
approach was needed due to severe pachypleuritis that
precluded thoracic access. Median operating time was 320min
(210-480min). Mean blood loss was 280 ml. Median number
of retrieved lymph nodes was 18 (6-35) and only one patient
showed positive circumferential margin. Median ICU stay was 6.5
days (1-25) and median hospital stay was 13.9 days (8-28). 30day mortality was 0%.
There was 1 intraoperative bleeding without consequences.
Thirty-day postoperative complications were present as a total

Anastomotic stricture

Recurrent nerve palsy

1 (8.3%)
4 (33.3%)

2 (16.6%)

1 temporary (8.3%)
1 permanent (8.3%)

Figure 1: Survival

Discussion

Esophagectomy is one of the most complex procedures of
gastro-intestinal surgery with a high postoperative morbidity
and mortality mainly because of respiratory complications [18].
The potential advantages of minimally invasive procedures,
especially regarding a decrease in pulmonary complications,
have been studied for the last 4 decades [19]. Minimally Invasive
Esophagectomy (MIE) includes conventional pure laparoscopy/
thoracoscopy, hybrid procedures (celiotomy/thoracotomy;

Citation: Bravo R, Dulce M, et al. (2018) Initial Experience in Robot Assisted Minimally Invasive Esophagectomy (RAMIE). Int J Adv
Robot Automn 2(3): 1-5. DOI: 10.15226/2473-3032/3/1/00128

Page 3 of 5

Initial Experience in Robot Assisted Minimally Invasive Esophagectomy (RAMIE)

celiotomy/thoracoscopy), hand-assisted surgery and, more
recently, robot-assisted esophagectomy. Some aspects such as
oncological outcomes, anastomosis location or patient positioning
are, however, controversial. To date, there are only a few papers
reporting long-term oncological outcomes and they have a short
follow-up and a small number of patients, but they have failed, so
far, to show benefits compared to open esophagectomy [20,21].
Patient positioning influences the MIE technique. Left lateral
decubitus position has been more frequently used, although
Prone Decubitus Position (PDP) is now been increasingly used.
However, recent studies comparing both positions show that
PDP provides some advantages such as better lung ventilation
and surgical field exposure, leading to improved postoperative
outcomes [22,23].

Some limitations of MIE can be overcome with the aid of
robotic systems, which provide some advantages in small surgical
fields, with fewer instrument exchanges in the thoracic phase of
an esophagectomy. The first robot-assisted MIE using the Da Vinci
system was first published by Kernstine, et al. [24] in 2004. A few
short series, between 6 and 47 cases, have been reported since
then, with anastomosis at the cervical level in all cases [25-29].
The first robot-assisted Ivor Lewis series were published after
2013, reporting 22 (30), 17 (31), and 50 (32) cases, respectively,
with all patients in lateral decubitus position. In 2014 Trugeda et
al. published the first series of robot-assisted Ivor Lewis in PDP
with intrathoracic manual anastomosis [33]. We agree with this
group on that PDP makes the dissection and lymphadenectomy
easier, in an optimal field, although a stapled anastomosis, either
transthoracic or transoral, is more difficult when this access is
used. Robotic assistance makes manual intrathoracic anastomosis
easier and faster and allowed us to use the prone position and its
potential advantages without affecting oncological outcomes. In
PDP we are able to use just three of the four arms of the robotic
system achieving a more cost-effective procedure and decreasing
space conflicts.
In two published series about robotic esophagectomy with
intrathoracic anastomosis, leakage rate was 4.5 and 2% [30,32].
Nevertheless, Sarkaria, et al. [31] reported an anastomotic leakage
and tracheo esophageal fistula rate of 14% and 14% respectively.
Trugeda, et al. [34] reported a leakage rate of 21.9% in a study
including intrathoracic and cervical anastomosis.

Some studies show a rising rate of chylous leak with the
introduction of minimal invasive esophagectomy, from 2.4%
showed by Smithers, et al. [35] to 11.6% by Luketich, et al. [36].
No chylous leak appeared in our series. Our patients take whole
milk and butter the night before the surgery. This way we can
identify and preserve the chylous duct easier.

Despite these potential advantages, evidence showing any
clear superiority of the robot-assisted MIE over conventional
thoracoscopic esophagectomy is still very limited. Since 2012
a single center controlled randomized trial has been ongoing
in the Netherlands to compare robot-assisted and open
esophagectomies, with 112 patients (56 per arm) and a followup of 5 years. However, for stronger evidence, multicentric trials
with a large number of patients are needed [37].
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