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Multiple modalities are currently employed in the treatment of high grade dysplasia

and early esophageal carcinoma. While they are the subject of ongoing investigation,

surgery remains the definitive modality for oncological resection. Esophagectomy,

however, is traditionally a challenging surgical procedure and carries a significant

incidence of morbidity and mortality. Endoscopic mucosal resection (EMR) and

endoscopic submucosal dissection (ESD) are considerably less invasive alternatives

to esophagectomy in the diagnosis and treatment of high grade dysplasia, early

esophageal squamous cell carcinoma and adenocarcinoma. However, many early

esophageal cancer patients, with favorable histology, who could benefit from endoscopic

resection, are referred for formal esophagectomy due to lesion characteristics such as

unfavorable lesion morphology or recurrence after previous endoscopic resection. In

this study we present a novel, hybrid thoracoscopic transgastric endoluminal segmental

esophagectomy with primary anastomosis for the potential treatment of high grade

dysplasia and early esophageal cancer in a porcine ex vivo model as a proposed bridge

between endoscopic resection and the relatively high mortality and morbidity formal

esophagectomy procedure. The novel technique consists of thoracoscopic esophageal

mobilization in addition to transgastric endoluminal segmental esophagectomy and

anastomosis utilizing a standard circular stapler. The technique was found feasible in

all experimental subjects. The minimally invasive nature of this novel procedure as well

as the utility of basic surgical equipment and surgical skill is an important attribute of

this method and can potentially make it a treatment option for many patients who would

otherwise be referred for a formal esophagectomy.
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INTRODUCTION

Mucosal ablation, resection and cryotherapy are currently
employed in the treatment of high grade dysplasia and
early esophageal carcinoma. While their indication, safety and
effectiveness are the subject of ongoing investigation and
debate, surgery remains the definitive modality for oncological
resection especially for intramucosal and submucosal lesions
where the risk of nodal spread is a significant threat (1).
Esophagectomy, however, is traditionally a challenging surgical
procedure and carries a significant incidence of morbidity and
mortality even when this is reduced to 8% in high volume
centers (2). Numerous attempts have been made over time to
reduce the morbidity and mortality rates of esophagectomy
procedures. Much of this effort was directed at reducing the
inherent invasiveness of the procedure which may involve
operating in the thoracic, abdominal, and cervical compartments.
Minimally invasive esophagectomy (MIE) for the management
of esophageal cancer was first described by Cuschieri et al.
(3) in 1992. This procedure involved thoracoscopic esophageal
mobilization, and gastric mobilization by laparotomy; this is
still a common approach to esophagectomy today (4). Later,
the thoracoscopic technique was modified by Luketich et al.
(5), who described a thoracolaparoscopic esophagectomy. Totally
laparoscopic transhiatal esophagectomy was first described by
DePaula et al. (6) in 1995 and a variety of MIE procedures exist
today including robotically assisted THE (7, 8).

In addition to thoracoscopy and laparoscopy, endoscopy is
another minimally invasive approach utilized in the treatment
of esophageal disease. Endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection (ESD) are considerably
less invasive alternatives to esophagectomy in the diagnosis
and treatment of high grade dysplasia (HGD), early esophageal
squamous cell carcinoma (SCC), and adenocarcinoma. When
esophagectomy is compared with endoscopic therapy for the
treatment of early-stage (T1a) esophageal cancer, similar 5
year survival is found, however, cancer free survival and
recurrence rate results favor the esophagectomy group (9). Albeit
its minimally invasive nature, complications of EMR include
bleeding, perforation, fibrosis and stricture formation at the site
of resection. The most common of these is stricture formation
(10). In fact, EMR is not recommended for circumferential
lesions due to the relatively high incidence of strictures (11).
Other lesion characteristics, including, but not limited to, large
and non-lifting lesions render EMR unsuitable and may serve as
an indication for ESD. At present ESD is not widely available in
western countries and its superiority needs further support.

Currently, early esophageal cancer lesions deemed unsuitable
for endoscopic resection (EMR or ESD) are referred for
formal esophagectomy. Unfortunately, at present there are no
procedures which bridge the endoscopic and surgical approaches
combining the low morbidity of endoscopic treatment and
the radical nature of formal, open or minimally invasive,
esophagectomy. To address this problem, we present a
novel, hybrid thoracoscopic, transgastric endoluminal segmental

esophagectomy with primary anastomosis for the potential
treatment of high grade dysplasia and early esophageal cancer in
a porcine ex vivomodel.

MATERIALS AND METHODS

An ex vivo, feasibility study was performed utilizing 5 female
(Sus scrofa domestica) pigs with an average weight of 68 kg.
The study and use of pigs as an animal model was approved by
the institutional veterinarian. We performed a left thoracoscopy
because in a porcine model it provides the best access to middle
esophagus. Each of the sacrificed animals was placed in the right
lateral decubitus position. A 5mm thoracoscopic camera was
inserted 10 cm cephalad to the left costal margin. A 5mm trocar
was inserted in an intercostal space 5 cm cephalad to the camera.
Another 5mm trocar was placed in the second intercostal
space caudad to the camera. Eight to twelve centimeters of
middle thoracic esophagus was mobilized utilizing laparoscopic
scissors (Figure 1). Once the esophagus was mobilized, a small
horizontal, lateral abdominal incision was performed 5 cm caudal
to the left costal margin. The stomach was pulled through the
incision and a 3 cm gastrotomy was performed. An end-to-end
circular stapler (Autosuture, EEATM 25mm single-use stapler,
Covidien, CT, USA) connected extracorporeally to its anvil, was
passed into the esophagus through the gastrotomy in a closed
orientation. The stapler was then opened intralumenally in the
middle of the mobilized segment of the esophagus (Figure 2).
A silk suture ligation was performed thoracoscopically around
the esophagus attaching the esophagus to the shaft of the
anvil (Figure 3). An endoluminal segmental esophageal resection
and anastomosis was performed by deploying the EEA stapler
(Figure 4). The stapler was extracted through the gastrotomy and
the resected esophagus examined (Figure 5).

RESULTS

All five pigs successfully underwent the hybrid thoracoscopic
transgastric endoluminal segmental esophagectomy.
Transgastric insertion of a 25mmEEA stapler into the esophagus
was undertaken with no difficulty in all five experimental
subjects. Intralumenal opening of the stapler was performed

FIGURE 1 | Thoracoscopic mobilization of the middle third of porcine

esophagus. P, parietal pleura; E, esophagus; A, aorta.
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FIGURE 2 | Opening of the circular stapler within the mobilized portion of the

esophagus. S, stapler; A, anvil.

FIGURE 3 | Thoracoscopic silk tie around the mobilized esophagus attaching

it to the shaft of the anvil. S, stapler; A, anvil.

with no hindrance; no anvil dislocation was observed in any of
the experimental subjects. The laparoscopically applied silk tie
at the resection target site enabled a stable association between
the esophagus and the stapler in all cases. Closure of the stapler
over the esophagus tied to the shaft of the anvil established an
appropriate configuration for segmental esophageal resection
and anastomosis by deploying the EEA stapler. Transgastric
extraction of the resected esophageal segment connected to
the stapler was performed without any hindrance. The mean
procedural time was 74min (Table 1). The macroscopic analysis
of the specimens from all experimental subjects revealed the
presence of an intact thoracoscopic suture, which served as a
marker of a full thickness resection. The resected esophageal
segments averaged 2.1 cm (Table 1). Macroscopic analysis
showed standard features of an end-to-end anastomosis created
by a circular stapler. No esophageal tension was observed after
the segmental resection.

FIGURE 4 | Closure of the stapler and stapler deployment. S, stapler; A, anvil

(a), esophago-esophageal anastomosis after stapler deployment and

transgastric stapler extraction (b).

FIGURE 5 | Full thickness esophageal segment resected utilizing transgastric

endolumenal segmental esophagectomy technique.

DISCUSSION

Mortality from esophageal cancer remains high in spite
of advances in medical therapy as the incidence of SCC
of the esophagus remains unchanged, and the incidence
of the esophageal adenocarcinoma continues to increase
(12). The traditional, open, total, and distal esophagectomy
procedures have become less invasive through the introduction
of video assisted thoracoscopic surgery (VATS) and totally
thoracoscopic-laparoscopic procedures in esophageal dissection
and reconstruction. Commonly utilized minimally invasive
esophagectomy today (VATS/laparotomy) still carries a 30-day
mortality of 3.3% (13). Further advances in the field of minimally
invasive esophagectomy include totally thoracolaparoscopic
esophagectomy, totally laparoscopic transhiatal esophagectomy
as well as robotically assisted procedures. However, these
procedures are technically challenging and a minimum of 34
thoracoscopic esophagectomies are needed to accomplish a
difference in outcome according to Osugi et al. (14) when
performing a VATS esophagectomy combined with laparotomy.
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TABLE 1 | Five experimental subjects undergone endoluminal transgastric

esophagectomies.

Experiment Length (cm) Time (min) Esophageal resection

1 2.3 90 Mid esophagus

2 1.8 86 Mid esophagus

3 1.9 75 Mid esophagus

4 2.4 58 Mid esophagus

5 2.3 62 Mid esophagus

Average 2.1 74

Range 0.6 32

Lengths of segmental esophageal resection and procedural times are listed in centimeters

and minutes, respectively.

In spite of the efforts made in innovative design, training
and proficiency in these procedures, the benefits of minimally
invasive esophagectomy remain unclear. In fact, a 6 year
randomized Phase III study was commenced in May 2015
in Japan to compare thoracoscopic esophagectomy to open
esophagectomy (15).

Endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD) are alternatives to esophagectomy
in the staging, grading and treatment of high grade dysplasia
(HGD), early esophageal SCC and adenocarcinoma. EMR is
a treatment option for low risk, early esophageal carcinoma
lesions defined by macroscopically polypoid or flat lesions,
with a histological pattern of sm1 invasion, good-to-moderate
differentiation [G1/2], and no invasion into lymph vessels or
veins (16). However, limitations of EMR include lesion size and
no more than 2/3 of esophageal circumference (17, 18). Further,
additional lesion characteristics which render these unsuitable
for EMR are piecemeal resection (19), failure of mucosal lifting
after injection, and post-endoscopic treatment recurrence (20).
Finally, although endoscopic treatment of early esophageal
cancer offers similar 5 year survival as surgical treatment, cancer
free survival and recurrence favor the surgical group. Prasad
et al. report recurrence rates of 2 and 12% for the surgical and
endoscopic groups, respectively (9).

This study illustrates the feasibility of a novel, hybrid
thoracoscopic, transgastric endoluminal segmental
esophagectomy with primary anastomosis in an ex vivo
porcine model. The procedure demonstrates successful and
consistent segmental esophageal resection and anastomosis in
a relatively short procedure time (Average 74min) compared
to a two or three field esophagectomy. The motivation behind
this novel technique is to propose a bridge between EMR
and the relatively high mortality and morbidity of formal
esophagectomy since ESD is not widely available. Moreover,
even if ESD availability were not an issue, the superiority of
ESD over EMR is currently subject to debate (21, 22). The
endoluminal segmental esophagectomy technique is designed
to address high grade dysplasia and early esophageal carcinoma
lesions not suitable for EMR, namely lesions of over 2/3 of
esophageal circumference, non-lifting lesions, lesions which
require piece meal resection or recurrent lesions. Moreover,
endoluminal segmental esophagectomy, due to its technical

simplicity and minimally invasive nature may be applied to any
lesion suitable for EMR or ESD when endoscopic treatment is
not available, therefore omitting a potentially unnecessary formal
esophagectomy in the treatment of early esophageal carcinoma.

The utility of basic surgical equipment and the requirement
of only basic surgical and thoracoscopic skills are important
attributes of the endoluminal segmental esophagectomy
technique. Transgastric insertion of the circular stapler in its
closed orientation was accomplished without difficulty. The
thoracoscopically placed suture established a stable association
between the esophagus and the stapler to facilitate a “one-step”
segmental esophagectomy and primary anastomosis utilizing
a standard circular stapler. This may make the procedure
more accessible and limit the complications associated
with the learning curve typical of complex surgical and
endoscopic procedures.

In addition to providing a hybrid minimally invasive,
abbreviated, esophagectomy alternative to a formal, two
or three field esophagectomy, the endoluminal segmental
esophagectomy technique may be considered a clean,
endoluminal esophagectomy procedure. The clean classification
is appropriate for the thoracic cavity since esophageal resection
margins face into the lumen of the esophagus as in the
natural orifice specimen extraction (NOSE) endoluminal rectal
intussusception and pull though (IPT) techniques (23). As
previously shown, “clean contaminated” bowel resection may
be associated with a contamination rate as high as 28% (24).
Our group found no contamination of the abdominal cavity
when the endoluminal IPT technique was utilized for rectal
resection in three separate porcine model studies (25). Therefore,
endoluminal segmental esophagectomy is expected to have
similar thoracic cavity contamination rates as other endoluminal
bowel resection techniques utilizing the same surgical principles.

This technique is designed for lesions not involving the
GE junction, which may be a short coming for the treatment
of esophageal adenocarcinoma predominant in developed
countries. However, endoluminal segmental esophagectomy
has the potential to become a viable treatment option for
early SCC. Early SCC tends to involve the proximal and
middle esophagus, and is the predominant subtype worldwide,
comprising ∼90% of all esophageal cancers, particularly in areas
with the highest incidence of esophageal cancer, such as the
“Asian Esophageal Cancer Belt” extending from North Iran to
North-Central China, and into Russia (4). The simplicity and
basic equipment requirements of the endoluminal segmental
esophagectomy technique may be a significant advantage in these
endemic areas.

There are several obvious limitations to this research so far.
In the current study, our group did not attempt localization of
the esophageal segment planned for resection and, therefore, did
not address infiltrated margins. Furthermore, current research
was conducted utilizing a small, ex vivo, animal feasibility model.
We are planning to address these shortcomings by performing
a similar study on a larger, survival, experimental subject
group utilizing endoscopic simulation of malignancy targeted
for esophageal segment localization, histological specimen
analysis, laparoscopy for the abdominal part of the procedure,

Frontiers in Surgery | www.frontiersin.org 4 July 2021 | Volume 8 | Article 676031

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Kvasha et al. Endolumenal Segmental Esophagectomy

multiple-stapling and repeat endoluminal esophagectomy for
infiltrated margins.

Although more investigation is warranted, the novel hybrid
thoracoscopic endoluminal segmental esophagectomy procedure
reported in this paper has the potential to omit an unnecessary
two or three field esophagectomy for early esophageal carcinoma
lesions which cannot be removed endoscopically either because
of unfavorable lesionmorphology or due to the lack of availability
of advanced endoscopic services.
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