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Abstract

Background Minimally invasive Ivor Lewis esophagectomy (MIILE) provides better outcomes than open techniques, par-
ticularly in terms of post-operative recovery and pulmonary complications. However, in addition to requiring advanced
technical skills, thoracoscopic access makes it hard to perform esophagogastric anastomosis safely, and the reported rates
of anastomotic leak vary from 5 to 16%. Several minimally invasive esophago-gastric anastomotic techniques have been
described, but to date strong evidence to support one technique over the others is still lacking. We herein report the technical
details and preliminary results of a new robot-assisted hand-sewn esophago-gastric anastomosis technique.

Methods From January 2018 to December 2020, 12 cases of laparoscopic/thoracoscopic Ivor Lewis esophagectomy with
robot-assisted hand-sewn esophago-gastric anastomosis were performed. The gastric conduit was prepared and tailored tak-
ing care of vascularization with a complete resection of the gastric fundus. The anastomosis consisted of a robot-assisted,
hand-sewn four layers of absorbable monofilament running barbed suture (V-lock). The posterior outer layer incorporated
the gastric and esophageal staple lines.

Results The post-operative course was uneventful in nine cases. Two patients developed chyloperitoneum, one patient a
Sars-Cov-2 infection, and one patient a late anastomotic stricture. In all cases, there were no anastomotic leaks or delayed
gastric conduit emptying. The median post-operative stay was 13 days (min 7, max 37 days); the longest in-hospital stay was
recorded in patients who developed chyloperitoneum.

Conclusion Despite the small series, we believe that our technique looks to be promising, safe, and reproducible. Some
key points may be useful to guarantee a low complications rate after MIILE, particularly regarding anastomotic leaks and
delayed emptying: the resection of the gastric fundus, the use of robot assistance, the incorporation of the staple lines in the
posterior aspect of the anastomosis, and the use of barbed suture. Further cases are needed to validate the preliminary, but
very encouraging, results.
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Minimally invasive Ivor Lewis esophagectomy (MIILE)  thoracoscopic phases, has been introduced to overcome the
for esophageal cancer, which consists of laparoscopic and  frequent complications that generally occur after thora-
cotomy, above all, pulmonary infections. Moreover, MIILE
provides some other advantages over the open approach,
such as fast recovery, less postoperative pain, and shorter
in-hospital stays without compromising oncological results
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postoperative course due to longer in-hospital stays, arduous
fistula healing, possible onset of potentially lethal medias-
tinitis, and implied high management costs. Anastomotic
leakage after Ivor Lewis esophagectomy leads to three-times
higher mortality and also to a lower survival rate at 5 years
[3].

Several minimally invasive esophago-gastric anastomotic
techniques have been described, such as end-to-side circu-
lar stapled, end-to-side double stapling, side-to-side linear
stapled, or hand-sewn anastomosis technique [4—7]. To date,
however, strong evidence to support one technique over the
others is still lacking; thus, the anastomotic technique usu-
ally depends on the surgeon’s choice [8, 9].

In this regard, as Robot-Assisted Surgery (RAS) has been
developed to overcome some of the main drawbacks of pure
laparoscopy, especially the bi-dimensional vision and the
kinematics limitations; by allowing a finer dissection into
mediastinum and more precise suturing, it is expected to
bring advantages also for fashioning esophago-gastric anas-
tomosis [10—-15]. However so far, no data are available to
confirm if this expectation for RAS does translate into tan-
gible results for esophageal surgery.

We herein describe, and video-report, the technical
details of a new robot-assisted hand-sewn esophagogastric
anastomotic technique (Pavia Technique, PT) during MIILE.

Furthermore, as the details to be taken into account start
early from the abdominal phase, we describe the steps of
the entire operation, subsequently focusing and commenting
only on the relevant key points of PT.

Our preliminary experience, reporting the intraoperative
and postoperative results of patients who had undergone
MIILE with this esophagogastric anastomotic PT, is also
reported.

Materials and methods

Twelve consecutive laparoscopic/thoracoscopic Ivor Lewis
esophagectomies with the PT, performed from January
2018 to December 2020, were retrospectively included in
the study.

In the study period, all patients with mid-distal esopha-
gus cancer referred to our center were considered for a
minimally invasive Ivor Lewis [16] with the PT. The only
exclusion criteria were major vascular involvement, previous
major open surgery on the supra-mesocolic area, previous
right thoracotomy, and general contraindications to pneumo-
peritoneum or pneumothorax. All patients had been previ-
ously discussed within a multidisciplinary setting and had
undergone neo-adjuvant treatment, if indicated.

All the procedures were performed by a single surgeon
experienced in laparoscopic and robotic surgery (> 100
operation both).
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Abdominal laparoscopic phase

The patient is placed in supine position with the legs apart;
one 11-mm assistant port is placed immediately above the
umbilicus, two 12-mm trocars are placed symmetrically
about 2—4 cm above the transverse umbilical line, along
the mid-clavicular line, and two 5-mm trocars are placed
symmetrically on the anterior axillary line in the upper
abdomen (Fig. 1).

The stomach is mobilized, taking care to preserve
the right gastroepiploic vessels and the arcade along the
greater curvature. The gastric tube is then created by sta-
pling it from the incisura angularis toward the gastric
fundus, creating a 4-5 cm wide gastric conduit. The first
staple firing is made perpendicular to the long axis of
the stomach in order to maintain the necessary conduit
diameter. Multiple firings of 60 mm endostapler (Johnson
and Johnson, ECHELON FLEX ENDOPATH STAPLER)
using green and gold cartridges with absorbable buttress
material (GORE® SEAMGUARD® Bioabsorbable Staple
Line Reinforcement) are used in order to reduce the risk
of bleeding from the staple line. The gastric section is not
completed at the level of the fundus, leaving nearly 3 cm
of tissue that will be divided during the thoracic phase.
Pyloroplasty is not routinely performed. The D2 lymphad-
enectomy is usually performed. The inferior mediastinum
is dissected as much as possible, up to performing the par-
tial section of the right pillar and the opening of the right
pleura. At the end of the procedure, a drain is placed from
the abdomen into the chest through the right pleura open-
ing, avoiding the intercostal space along with the related
post-operative discomfort.
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Fig.1 Patient’s and ports position during the abdominal phase of
MIILE
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Toracothomy for specimen
extraction

Fig.2 Patient’s and ports position during thoracic phase of MIILE

Fig. 3 Intrathoracic proximal section of the esophagus

Thoracic phase (thoracoscopic/robot assisted)

Once the abdominal laparoscopic phase is completed, the
patient is placed in a semi-prone position. The semi-prone
position is obtained by placing the patient on their left flank
and tilting the operatory bed to the extreme left. Three ports
(12 mm) are placed aligned on the posterior axillary line; a
12-mm trocar for the assistant is placed in the right anterior
chest, where the mini-thoracotomy is performed for speci-
men removal (Fig. 2).

The esophagus is mobilized by monopolar hook or energy
devices, including all surrounding nodes; then, the azygos
vein is sectioned with a vascular endostapler and the mobi-
lization of the esophagus is conducted 3—5 cm above the
carina. Subcarinal nodes are resected as well.

The esophagus is sectioned with a linear 60 mm stapler
at the level of the azygos vein, or above depending on the
location of the tumor; the staple line is usually 4-5 cm wide
(Fig. 3).

Fig.4 Gastric conduit’s pull-through

Fig.5 Tailored transection of gastric conduit

Fig.6 The two stapled lines obtained are approximated without ten-
sion

The gastric conduit is then pulled up into the chest
through the hiatus, taking care to have the gastric staple
line toward the surgeon, to prevent rotation of the conduit
(Fig. 4).

Thus, the distance between the esophageal stump and the
gastric conduit is evaluated; the gastric fundus is completely
transected where blood perfusion is optimal (Figs. 5, 6).
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The specimen is finally extracted through a mini-thora-
cotomy, whose length is related to specimen volume, usu-
ally obtained by slightly enlarging the access of the assis-
tant trocar. The oncological margins are checked before
continuing on with the reconstructive phase.

The gastro-esophageal anastomosis is then performed
after setting up the da Vinci Si robotic system with trocar-
in-trocar technique. Following this, a four layered robot-
assisted hand-sewn anastomosis, with 3/0 monofilament
absorbable running barbed sutures (Medtronic V-Loc™
Wound Closure Device), is performed.

Fig. 7 Esophagogastric anas-
tomotic phases. A 1st posterior
layer, incorporating staple lines.
B 2nd inner mucosal posterior
layer. C 3rd inner mucosal
anterior layer. D 4th outer sero-
muscular layer
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The posterior side is accomplished by suturing together
the gastric and esophageal stumps, incorporating staple lines
(Fig. 7a).

After completing the posterior external layer, monopo-
lar scissors are used to create an incision of about 2.5 cm
on both the esophageal and gastric sides. Then, the poste-
rior mucosal layer of running barbed suture is performed
(Fig. 7b). The anastomosis is closed with a third anterior
layer of sero-muscular 3/0 barbed running suture (Fig. 7c).
Before closing this anterior running suture, a gastric tube
is passed into the conduit, through the anastomosis, under
direct vision. Finally, the anastomosis is completed with the
fourth, anterior sero-muscular outer layer performed with
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transverse stitches which gently approximate tissues and
avoid esophageal fiber rupture (Fig. 7d).

To finish, we leave only the transabdominal drain along
the conduit near the anastomosis (video).

A hydrosoluble medium contrast swallow X-ray is usually
performed on the 6th or 7th post-operative day, in order to
rule out any anastomotic leaks; an oral diet is then resumed
and drains removed.

A feeding jejunostomy is not routinely performed, but this
solution is tailored according to the patients’ comorbidities
and Nutritional Index Score.

Informed consent and ethical approval

All patients provided informed consent for surgery and for
anonymous use of videos and photographs of the procedures,
for scientific or training purposes.

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. For this type of study, formal
consent is not required.

Results

Ten patients were male (83%), while 2 patients were
female (16%), with a mean age of 69.3 years (min 55, max
77 years). Mean BMI was 27.5 (min 23.1, max 34.4). ASA
score was 2 in 9 patients and 3 in 3 patients. Six patients
underwent neoadjuvant therapy. All lesions were in the mid
or distal esophagus: 4/12 were located at the esophagogastric
junction, 4/12 between 34 and 37 cm from the incisors, and
the remaining 4 between 30 and 33 cm from the incisors.
The mean operative time was 467 +71 min (min 280, max
560 min). All the PT anastomosis were successfully per-
formed. The only intraoperative complication was recorded
in a patient affected by chronic bullous emphysema: at the
end of the surgical procedure, an air leak was identified
due to the rupture of a bulla on the upper pole of the right
lung, which required an atypical lung resection. There was
no anastomotic leakage or delayed conduit emptying. The
post-operative course was uneventful in nine cases. In two
patients, an asymptomatic chyloperitoneum was detected
and successfully managed with a Lipiodol injection in ingui-
nal nodes; the remaining patient, who had undergone surgery
in November 2020, developed Sars-Cov-2 infection during
the hospitalization. One patient developed an anastomotic
stricture 5 months after surgery, which was treated by pneu-
matic dilation of the anastomosis.

The median post-operative hospital stay was 13 days (min
7, max 37 days); the longest in-hospital stay was recorded

in patients who developed chyloperitoneum. There were
no differences between patients underwent or not neoad-
juvant therapy in terms of in-hospital stay, operative time,
or complications. Free-resection margin was achieved in all
patients; 7 out of 12 lesions were histologically defined as
adenocarcinomas, 2/12 as adeno-squamous carcinomas of
esophago-gastric junction, 1/12 as squamous carcinoma,
1/12 as neuroendocrine carcinoma, and the remaining one
as neuroendocrine/adenocarcinoma. The “T” stage accord-
ing to the TNM staging system was classified as T3 in 9/12
lesions and as T2 in 3/12 lesions. A mean of 32.5+18.3
nodes was harvested (min 7, max 66).

Discussion

Minimally invasive and open esophagectomy show compa-
rable oncological outcomes and survival [1, 2], but with the
thoracoscopic approach, significant advantages in terms of
post-operative pain, short in-hospital stay, recovery time,
and morbidity, particularly regarding pulmonary infections,
are reported [1, 2, 10]. However, in spite of these advan-
tages, its widespread use is still limited mainly because of
the technical challenges of the reconstructive phase, which
can lead to high risk of fistula and therefore failure of the
entire operation. In this setting, it is well recognized that
the exploitation of robotic technology could play a role, by
overcoming some kinematic limitation of pure laparoscopic
surgery, and therefore, its application in the field of esopha-
geal surgery has caused interest to rise [17].

RAS can facilitate both traditional stapled esophago-
gastric anastomotic reconstructive techniques performed
during a mini-invasive approach, as well as completely
hand-sewn ones [12, 18, 19]. Indeed, in the case of linear
stapling (LSEA), the robot can be used to ease the suture
of the esophago-gastrotomy, where the stapler is inserted,
while with circular stapling techniques (CEEA), the robotic
platform allows easy insertion of the anvil into the esopha-
gus stump and to fix it in place with hand-sewn purse-string
suture [19].

In contrast, the minimally invasive hand-sewn anastomo-
sis takes the form of an adaptation of thoracotomic hand-
sewn anastomosis, which is preferred by many surgeons as
it seems to be associated with the lowest rate of anastomotic
leaks [20]. For this reason, the hand-sewn anastomosis was
translated in minimally invasive field. However, the complex
technical suturing skills required in performing the suture by
non-articulated instruments inside a rigid anatomical com-
partment, the chest, have limited the worldwide diffusion of
this technique, so far.

In this scenario, RAS may really play a pivotal role,
allowing surgeons to perform hand-sewn anastomosis
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easier, by utilizing the wide degrees of movements that
robotic wristed instruments possess.

A recent review by Plat et al. [18] reported only five
articles describing robot-assisted hand-sewn anastomosis
technique. The authors generally agreed with double-lay-
ered technique for both anterior and posterior side of the
anastomosis, but all the described techniques differed in
many details, depending on surgeons’ habits.

For these reasons, we aimed to report our personal suc-
cessful experience so far, and also video report the details
of our PT.

In our series, the first operator was already experienced
in performing advanced laparoscopic and robotic surgery,
as well as upper GI surgery and bariatrics, so that the PT
could be considered a technique derived from this back-
ground. Furthermore, since all cases were operated with
the da Vinci Si platform, we choose to utilize the robot
only for the execution of the reconstructive phase, as in
our view, the other phases of the operation can be well
performed with pure laparo/thoracoscopy, and this hybrid
approach avoids downtime related to multiple dockings.

We acknowledge that RAS is able to accomplish both
the abdominal and thoracic phases of the esophagectomy
and therefore it can be utilized also to perform the entire
operation, although with a less than expected cost—ben-
efit ratio. Furthermore, we also acknowledge that most
hospitals are now equipped with the Xi instead of a Si
model and the innovations introduced by the da Vinci Xi
could get over these limitations. Indeed, aside from hav-
ing a shorter docking time, the Xi is more able to cope
with multi-quadrant surgery due to its intrinsic flexibility
and provides effective energy devices and staplers [21].
These characteristics could allow the replacement of the
laparoscopic phase with the robot, thereby performing a
fully robot-assisted procedure, with implications on the
workflow, operating time, and even costs [22].

However, as the present paper is particularly focused
on the Achilles heel of the entire operation, represented
by the reconstructive phase, we think that in this respect,
our experience should be meaningful both for Si and Xi
robot, and our considerations should not significantly be
affected by this bias.

As it is widely known, the failure of the esophago-
gastric anastomosis during an Ivor Lewis esophagectomy
brings disastrous consequences, hence why we think
that every technique detailing successful tips and tricks
deserves to be shared.

Reporting our experience, we believe that in addition
to RAS, the success of esophago-gastric anastomosis
depends also on the attention paid to the other described
details.

Indeed, other key points of our presented hand-sewn PT
are as follows:
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1. The resection of gastric fundus,

2. The incorporation of esophageal and gastric staple lines
in the posterior outer layer of the anastomosis,

3. The use of 3/0 barbed suture for all the four layers of the
anastomosis.

The tubularization of the stomach often results in a
reduced blood supply of gastric fundus. In fact, even if vas-
cularization seems to be sufficient during the ICG test, it is
often impaired and largely dependent on intramural micro-
vessels, the patient’s specific course, and the distribution of
the gastroepiploic arcade. This is why, when the length of
the gastric conduit is satisfactory, we prefer to resect the gas-
tric fundus, in order to guarantee a perfect vascularization.
In addition, the resection of the gastric fundus allows the
tailoring of the length of gastric conduit in order to prevent
its kinking on the diaphragm, which can represent one of the
causes of delayed emptying after Ivor Lewis esophagectomy.

Incorporating staple lines in the posterior outer layer pro-
vides a reinforcement of the posterior wall of the anastomo-
sis as well as a tension reduction on the whole anastomosis.
Moreover, the risk of bleeding from staple lines and the risk
of posterior leakages can be reduced as well.

The use of barbed sutures has proven to be safe in gen-
eral and upper GI surgery [14, 23-25]. In our experience,
these sutures show the required tensile strength and allow
the consistency of the necessary tension after each passage,
overcoming the main drawback of RAS, which is absence
of tactile feedback.

Some authors believe that a robotic hand-sewn approach
increases operative time and makes this technique diffi-
cult to standardize, as it requires a long learning curve and
advanced technical skills. Nevertheless, we are convinced
that on the contrary, robotic assistance could help surgeons
create an easier and reliable anastomosis, additionally
increasing the confidence in preforming a completely hand-
sewn anastomosis and possibly the widespread adoption of
the minimally invasive approach in esophageal surgery.

The main limitations of our study are the retrospective
nature, the small sample size, including the learning curve
(as the reported cases are the first performed at our institu-
tion), the absence of long-term follow-up, and finally the
lack of a control group.

Overall though, the good results obtained in spite of these
limitations, and of the inclusion also of locally advanced
tumors, as demonstrated by the half series who had under-
gone neo-adjuvant chemo are, in our opinion, further points
in favor of the technique.

We also acknowledge that the short-term follow-up
limits our conclusions with regard to some complications
such as strictures, dysphagia, or gastroesophageal reflux
disease. However, as the most dangerous complication of
this anastomosis is the fistula, which generally occur in the
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post-operative course, we think that our results already rep-
resent an encouraging outcome to be reported in view of the
zero rate of leakage recorded in these patients.

Conclusion

Robotic hand-sewn esophago-gastric anastomosis can be
fashioned in different ways and many variants have been
described concerning the type of suture (running or inter-
rupted sutures), number of layers (single or double), and
suture material. As we believe in the relevance of every sin-
gle technical detail to realize a safe and replicable anasto-
mosis, we have illustrated our PT.

Despite our small series, we believe that our PT may be a
promising, safe, and a replicable technique. Some key points
may be useful to guarantee a low complication rate after
MIILE, such as anastomotic leaks and delayed emptying.
Further cases are needed to validate these preliminary, but
very encouraging, results.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-021-08715-4.
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