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Abstract

Purpose Minimally invasive esophagectomy (MIE) has been
met with increased interest for the surgical treatment of esoph-
ageal cancer. One critical obstacle for the implementation of
MIE has been the intrathoracic anastomosis. In this study, we
describe a technique of thoracoscopic intrathoracic anastomo-
sis using a linear stapler in prone position and present the
short-term outcomes of this procedure.

Methods This prospective pilot study included 46 consecutive
patients with a cancer either of the gastroesophageal junction
(GEJ) or the distal esophagus who underwent either total MIE
or thoracoscopic-assisted esophagectomy followed by intra-
thoracic stapled side-to-side anastomosis. The short-term out-
comes including postoperative complications were recorded
and analyzed.

Results This pilot study included 41 males (89 %) and 5 fe-
males (11 %) with a mean age of 65.7 years. The majority had
adenocarcinoma (93 %). Before surgery, 4 patients (8.7 %)
had an incomplete endoscopic submucosal resection, 5 pa-
tients (11 %) received chemotherapy alone, and 33 patients
(71 %) had chemoradiotherapy. Mean operation time was
408 minutes. Postoperative complications classified as
Clavien-Dindo Grade IIla or more severe occurred in 7 pa-
tients (15 %), of whom 4 patients (8.7 %) developed

P4 Toannis Rouvelas
ioannis.rouvelas@ki.se

Center for Digestive Diseases, Karolinska University Hospital,
Huddinge 141 86, Stockholm, Sweden

2 Division of Surgery, CLINTEC, Karolinska Institute, Huddinge 141
86, Stockholm, Sweden

Department of Clinical Nutrition and Dietetics, Karolinska
University Hospital, Huddinge 141 86, Stockholm, Sweden

anastomotic leakages without any need for intensive care.
Another 2 patients (4.3 %) required intensive care due to as-
piration pneumonia and acute renal failure. No in-hospital
mortality was registered. Only one patient (2.2 %) with anas-
tomotic leakage developed postoperative anastomotic stenosis
requiring balloon dilatation.

Conclusions The intrathoracic stapled side-to-side anastomo-
sis technique seems to be feasible, safe, and easy to perform,
associated with a limited postsurgical complication rate and a
good functional outcome.

Keywords Minimally invasive esophagectomy - Intrathoracic
anastomosis - Side-to-side stapled anastomosis - Postoperative
complication

Introduction

Esophageal cancer surgery has been one of the most demand-
ing procedures for patients with a gastrointestinal malignancy
burdened by complication rates and in-hospital mortality in
the range of 55 and 6.0 %, respectively [1]. Along with recent
advances in thoracoscopic and laparoscopic surgery, minimal-
ly invasive esophagectomy (MIE) has been promoted for the
treatment of esophageal cancer. The potential advantages of
MIE have been indicated by the favorable results in many
cohort studies in the form of less pain, faster recovery, and
even better quality of life when compared to conventional
open esophagectomy [2—5].

The thoracoscopic intrathoracic anastomosis, on the other
hand, remains technically demanding even for experienced
surgeons skilled in minimal invasive techniques. This is partly
due to the limited space in the thoracic cavity as well as the
impaired mobility of the introduced instruments as a conse-
quence of the narrow intercostal spaces. Therefore, several
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alternative solutions have been launched over the years to
perform a safe intrathoracic anastomosis; the optimal proce-
dure is still debatable [6-9].

When the MIE technique was introduced and implement-
ed in our institution we were encouraged by the simplicity
and attractiveness of the side-to-side anastomosis, which had
previously been successfully practiced in the open setting in
the construction of the esophagojejunostomy after total gas-
trectomy [10]. Hereby, we present our early experiences by
the use of this technique in 46 consecutive patients operated
on for cancer of the lower esophagus or the esophagogastric
junction (GEJ).

Patients and methods
Study design and patients

This is a prospective, single institution cohort study. Clinical
and pathological data of patients were collected from medi-
cal records and videos. In July 2014, we introduced a total
MIE in our department, meaning laparoscopic surgery com-
bined with thoracoscopy, on all eligible patients with esoph-
ageal cancer and performed an intrathoracic side-to-side sta-
pled anastomosis. We did not have any exclusion criteria
since we wanted to test the feasibility and safety of this
method regardless of the tumor stage and the patient’s con-
dition. Patients who underwent open thoracotomy due to
intrathoracic firm adhesions or an anastomosis in the neck
were excluded. Regarding preoperative treatment, neoadju-
vant chemo- and chemoradiotherapy comprised three cycles
of 5-fluorouracil and cisplatin with concomitant irradiation
starting at the second cycle of chemotherapy up to a total
radiation dose of 41.4 Gy.

Laparoscopic procedure

The laparoscopic procedure was performed with the patient in
the supine French position. Capnoperitoneum was established
and maintained with a pressure of 12 mmHg whereafter a 12-
mm trocar was placed just below the umbilicus. Four addi-
tional trocars were inserted through the abdominal wall: two
12-mm trocars in the right lower and left upper quadrant,
respectively, and two 5-mm trocars in the right upper and left
lower quadrant, respectively (Fig. 1a).

The laparoscopic procedure included an abdominal lymph-
adenectomy removing lymph nodes along the suprapancreatic
border and the coeliac trunk (Station 8a, 9, and 11p) as well as
the root of the left gastric artery (Station 7). The lower esoph-
agus was then mobilized transhiatally and circumferentially
all the way up to the mid mediastinum preferably to the level
of the inferior pulmonary vein, allowing for a complete
lymphadenectomy in the lower mediastinum as well.
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Before the conduit was created, the right gastric artery
was identified and the first branch of the artery to the
stomach was preserved in all patients. The stomach was
then divided using Endo-GIA™ Ultra Universal Stapler
with several 60-mm purple cartridges (Covidien). The
conduit was not completely divided from the specimen
at this moment. Instead, a 2-cm-long proximal “bridge”
remained undivided, acting as an anchor to the specimen,
in order to facilitate the pull-up of the specimen into the
chest during the thoracoscopic part of the procedure. No
pyloroplasty was performed.

Thoracoscopic procedure

The patient was turned to the prone position. Artificial
capnothorax with a pressure of 8§ mmHg was induced after
first 12-mm trocar was placed below the inferior angle of the
scapula. Three additional trocars were inserted; two 12-mm
trocars in the eighth intercostal space and the middle of the
vertebral border of the scapula and a 5-mm trocar in the supe-
rior angle of the scapula. The operating surgeon was using the
12-mm middle scapula and the eighth intercostal trocars,
while the camera was inserted through the 12-mm trocar at
the tip of the scapula. The camera holder was also using the 5-
mm trocar for assistance (Fig. 1b, c).

The thoracoscopic procedure involved a mediastinal
lymphadenectomy removing lymph nodes under the carina,
along the right and left main bronchus, along the entire aortic
arch and descending aorta as well as the paraesophageal
lymph nodes. After the completion of the lymphadenectomy
and mobilization of the proximal esophagus, the gastric con-
duit was pulled up into the chest through the hiatus with the
staple line facing towards us as a landmark for preventing
rotation of the conduit. The bridge, remaining connection,
between the conduit and the specimen was then divided
(Fig. 2a, a'), following which the esophagus was transected
at the level of the azygos arch with Endo-GIA™ Ultra
Universal Stapler with a 60-mm brown cartridge. The speci-
men was placed on the anterior side of the right lung not to
obstruct the operating field.

Intrathoracic side-to-side stapled anastomosis and closure
of the defect

The esophageal stump and the conduit were brought close
together to simulate the anastomosis. Redundant part of the
top of the conduit was resected where necessary. A small
gastrotomy was performed along the greater curvature side
of the conduit, as far away as possible from the staple line,
approximately 5 or 6 cm away from the top of the conduit
(Fig. 2b, b"). A stay suture was placed at the proximal part of
the gastrotomy which involved all the layers of the conduit
wall. Then, a small esophagotomy was performed in the
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Fig. 1 Position of the ports in the laparoscopic and thoracosopic part. a
Two 12-mm ports were placed in the left hypochondrium and right upper
quadrant and two 5-mm ports were placed in the right hypochondrium
and left upper quadrant. A 12-mm camera port was placed just below the
umbilicus. b Marking was done after the patient was appropriately

middle of the esophageal stump across the staple line. A na-
sogastric tube was then introduced intraluminally to accurate-
ly identify the opening (Fig. 2c, c¢') and two stay sutures were
placed to transfix all the layers of the esophageal stump wall,

positioned. ¢Two 12-mm ports and one 5-mm port were placed in the
eighth intercostal space, the middle of the vertebral border of the scapula
and the superior angle of the scapula, respectively. One scope trocar was
placed under the inferior angle of the scapula.

for safe introduction of the linear stapler. One of these stay

sutures was positioned anteriorly and the other posteriorly.
The side-to-side anastomosis was then completed using

Endo-GIA™ Ultra Universal Stapler with a 45-mm brown

Fig. 2 Snapshots and sketches of minimally invasive esophagectomy
followed by intrathoracic stapled anastomosis. @ and a’ The “bridge”
anchoring the specimen to the gastric conduit. » and " Small opening
was made in the gastric conduit, located 5—6 cm away from the top. ¢ and
¢’ A nasogastric tube was introduced intraluminally to accurately identify
the opening. d and d’ A linear stapler was introduced into the esophageal

stump and gastric conduit. e Two sutures were placed at both ends of the
remaining defect. f The defect was closed using 3-0 V-Loc™ with over-
and-over suture from one end to the other. g and g’ The omentum was
applied around the anastomosis as an extra reinforcement. 4 The speci-
men was taken out through a minithoracotomy, which was made by
extending the hole of the leftmost trocar.
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Fig. 2 (continued)

cartridge by introducing the cartridge into the opening of the
conduit and the anvil into the esophageal stump (Fig. 2d, d").
After firing, the tip of the nasogastric tube was placed in the
conduit for decompression. Two interrupted sutures were
placed at each end of the remaining defect using 3-0
Monocryl® (Ethicon, Cincinnati, OH) (Fig. 2¢). The remain-
ing defect was closed using 3—0 V-Loc™, an absorbable self-
locking barbed suture, with over-and-over suture from one
end to the other (Fig. 2f). Perioperative endoscopy was rou-
tinely performed to document the patency of the anastomosis.
The omentum was wrapped around the anastomosis as an
extra reinforcement in case of micro-leakage (Fig. 2g, g').
The specimen was taken out through a minithoracotomy,
which was made by extending the hole of the leftmost trocar,
with a 5-cm SurgiSleeve™ Would Protector (Covidien)
(Fig. 2h). A 19-Fr BLAKE® drain (Ethicon, Cincinnati, OH)
connected to Abdovac™ (Wellspect HealthCare, Pymble,
Australia), a closed gentle suction drainage system, was
inserted through the scope trocar.

Postoperative follow-up

All patients were following an enhanced recovery program
(ERP) that was introduced by our team in April 2014. The
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patients were admitted to the high dependency unit (HDU) for
the first three postoperative days and then allowed, if no com-
plications occurred, to be transferred to the Upper-GI ward.
All patients had a nasogastric tube placed which was kept until
the postoperative day (POD) 3 and if it produced less than
300 ml/day. We allowed patients to start with sloppy diet on
POD 6 and solid food on POD 8. Patients were followed-up in
the outpatient clinic 1, 3, and 6 months after surgery.
Postoperative endoscopy and barium swallow esophagogram
were performed in the first 10 cases with intrathoracic stapled
side-to-side anastomosis 3 months after surgery or later in
order to assess the patency and function of the anastomosis
[11]. During endoscopy, we used a 20-mm balloon to estimate
the diameter of the anastomosis by moving it up and down
through the anastomosis.

Results

Fifty-seven patients underwent esophagectomy for esoph-
ageal cancer between July 2014 and October 2015. We
planned total MIE with intrathoracic stapled anastomosis
in the prone position in 43 patients (75.4 %). In two cases,
we converted from laparoscopy to laparotomy due to
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adhesions in the abdominal cavity. Scheduled
thoracoscopic-assisted esophagectomy (meaning laparoto-
my followed by thoracoscopic surgery) was performed in
three patients (5.3 %): two cases because of a history of
previous abdominal surgery (abdominal aortic aneurysm
repair, antireflux surgery) and one because of severe con-
genital abdominal deformity. As a result, 46 patients
(80.7 %) were included in this study cohort (41 total
MIE and five thoracoscopic-assisted esophagectomy).
The remaining 11 patients (19.3 %) underwent either a
scheduled 3-phase minimally invasive esophagectomy
with cervical anastomosis (eight patients) or open
transhiatal esophagectomy (two patients).

The demographic characteristics of the patients are
shown in Table 1. There were 41 males (89.1 %) and 5
females with a mean age of 65.7 years (range, 38 to
83 years). Adenocarcinoma was found in 43 patients
(93.0 %) and three (7.0 %) had squamous cell carcinoma.
Regarding preoperative treatment, four patients (8.7 %)
had undergone endoscopic submucosal resection, leaving
unclear resection margins at the final histopathological

Table 1  Patient demographics
Patients (n=46)
N (%)

Age (years£SD) 65.7+9.5
Gender

Male/female 41/5 (89.1/10.9)
Tumor location

GElJ/distal esophagus 28/18 (60.9/39.1)
Histology

Adenocarcinoma/SCC 43/3 (93.0/7.0)
Preoperative therapy

CRT/chemotherapy 33/5 (71.7/10.9)

ESD 4 8.7)

None 4 (8.7)
Clinical T stage

T1/2 5/4 (10.8/8.7)

T3/4a 32/5 (69.6/10.8)
Clinical N stage

NO 21 (45.7)

N1/2/3 14/11/0 (30.4/23.9/0)
Clinical TNM stage

Stage I/II 7/14 (15.2/30.4)

Stage III/IV 24/1 (52.2/2.2)
Surgical approach

Total MIE/thoracoscopy-assisted 41/5 (89.1/10.9)

SD standard deviation, GEJ gastroesophageal junction, SCC squamous
cell carcinoma, CRT chemoradiotherapy, M/E minimally invasive esoph-
agectomy, £SD endoscopic submucosal dissection

examination, five patients (10.9 %) received neoadjuvant
chemotherapy and 33 patients (71.7 %) received neoadju-
vant chemoradiotherapy. No preoperative treatment was
given in four patients (8.7 %) due to advanced age or past
history of alcoholic liver injury. Table 2 and Table 3 pres-
ent histopathological results and short-term postoperative
outcomes, showing that mean operation time was 408 mi-
nutes with mean blood loss of 248 ml. Median number of
lymph nodes retrieved was 23 nodes. Among 38 patients
who received neoadjuvant chemo- or chemoradiotherapy,
pathological complete response (pCR) was reported in 12
patients (31.6 %), all of whom received neoadjuvant
chemoradiotherapy.

With regard to postoperative complications, 7 patients
(15.2 %) developed postoperative complications that were
classified as Clavien-Dindo Grade IIla or more severe.
Four patients (8.7 %) developed anastomotic leakage,
two of whom were successfully treated with a self-
expandable esophageal stent and the other two were treat-
ed conservatively (only fasting and intravenous antibi-
otics). None of them required admission to the intensive
care unit (ICU). Two patients (4.3 %) were admitted to
ICU, one due to aspiration pneumonia with respiratory
failure requiring mechanical ventilator support and the
other due to postoperative acute kidney failure requiring
dialysis. One patient (2.2 %), who developed anastomotic
leakage, developed subsequent anastomotic stricture that

Table 2 Perioperative outcomes and histopathological results

Patients (n=46)

N (%)

Mean duration of surgery (min) 408 (210-549)
Mean blood loss (ml) 248 (25-2,550)
Median hospital stay (days) 12 (6-96)
Median number of lymph nodes retrieved 23 (11-53)
Pathological T stage

TO 12 (26.1)

T1/2 7/3 (15.2/6.5)

T3/4a 21/3 (45.7/6.5)
Pathological N stage

NO 35 (76.1)

N1/2/3 4/4/3 (8.7/8.7/6.5)
Pathological TNM stage

Complete response (pTONO) 12 (26.1)

Stage Ia/Ib 72 (15.2/4.3)

Stage I1a/Ilb 0/14 (0/30.4)

Stage Ma/Ib/IIc 3/3/5 (6.5/6.5/10.9)
Curability

RO 43 (93.5)
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Table 3  Postoperative morbidity, mortality, and complications

Patients (n=46)

N (%)

In-hospital and 90-day mortality 0 )
Postoperative morbidity

Clavien-Dindo (>Grade II) 13 (28.3)

Grade 11 6 (13.0)

Grade Ila/I11b 1/4 2.28.7)

Grade IVa/IVb 2/0 (4.3/0)
Major postoperative complication (>Grade I11a)

Anastomotic leakage 4 8.7)

Vocal cord paresis/paralysis 0 0)

Intraabdominal abscess 1 2.2)

Postoperative stricture 1 2.2)

Pneumothorax 1 2.2)

ICU admission (Grade IV) 2 (4.3)

Aspiration pneumonia 1 2.2)
1

Acute kidney failure 22)

required one endoscopic dilatation. All the other patients
who underwent postoperative endoscopy showed wide
anastomosis which measured over 20 mm (Fig. 3a, b) in
diameter and no signs of delayed esophageal emptying on
timed barium esophagogram.

Discussion

In this study, we present our early experiences on intra-
thoracic side-to-side stapled anastomosis in 46 consecu-
tive patients with cancer of the lower esophagus or GEJ
and this is, to our knowledge, the first report of intratho-
racic stapled anastomosis in the prone position on a
Western population.

Minimally invasive approach to esophagectomy seems
to contribute significantly to a smooth postoperative re-
covery by reducing complications [5]. However, the opti-
mal design of the esophagogastrostomy is still been

Fig. 3 Postoperative endoscopy
was performed to evaluate the
anastomosis 3 months after
surgery. a Endoscopic evaluation
of the anastomosis. b A 20-mm
balloon was used to estimate the
diameter of the anastomosis.
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debated and the pivotal questions include whether to use
a cervical or intrathoracic anastomosis and whether a
circular-stapled or linear-stapled anastomosis is preferable
[5, 12, 13]. Cervical anastomosis offers not only safer
proximal surgical margins and less severe morbidity asso-
ciated with an anastomotic leak but also technical simplic-
ity when constructing the actual anastomosis. On the other
hand, intrathoracic anastomosis offers reduced tension of
the gastric conduit at the anastomotic site and a relatively
well-nourished conduit tissue, which subsequently would
lead to reduced incidence of anastomotic dehiscence. In
fact, some studies including one small randomized con-
trolled trial suggested no significant differences in major
surgical complications between the two anastomoses [14,
15]. Nonetheless, huge amount of accumulated retrospec-
tive data, ending up with a meta-analysis of 5,483
esophagectomized patients, suggested that cervical anas-
tomosis was associated with a higher risk of surgical com-
plications, particularly anastomotic leakage and vocal
cord paresis/paralysis [15—19]. Our cumulative experience
supports this fact, leading us to apply minimally invasive
Ivor-Lewis procedure for cardia cancers.

There are some alternative ways of making an intratho-
racic anastomosis under minimally invasive surgical pro-
cedures where technical-access related difficulties prevail.
The most common solution advocated in these situations
has been to perform an end-to-side anastomosis using a
circular stapler or a side-to-side anastomosis using a linear
stapler. Circular-stapled anastomosis may well be faster to
perform since most surgeons already harbor an experience
in dealing with the device. However, the anastomosis has
repeatedly been reported to be associated with a higher
risk of postoperative stricture [12, 20, 21]. Linear-
stapled anastomosis, on the other hand, seems to offer a
wider anastomosis, potentially resulting in fewer postop-
erative strictures [22]. Moreover, the linear stapler can be
introduced through a 12-mm trocar avoiding a
minithoracotomy, which may compromise the
capnothorax and obstruct the operating field, jeopardizing
the surgical access at the crucial moment of completing
the anastomosis. However, it requires a certain technical
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skill to close the remaining defect after stapling the linear
anastomosis. The advantages mentioned above with the
intrathoracic side-to-side anastomosis may therefore con-
sequently outweigh the other options if we overcome
some of the technical difficulties.

Our current practice using the linear intrathoracic anas-
tomosis has enabled us to advocate some essential tech-
nical points that can facilitate the procedure. First, the
patient is placed in a prone position during thoracoscopy,
which allows a very good view of the operating field
without having to collapse the right lung by using a dou-
ble lumen endotracheal tube [23]. Second, the placement
of two stitches securing the attachment between the mu-
cosa and muscle layers of the respective organ. These
stitches may play a crucial role for a safe introduction of
the stapler, guaranteeing the inclusion of all wall layers
into the closure and firing of the stapler device. Third,
before performing the anastomosis, the insertion of the
cartridge into the conduit and the anvil into the esophage-
al stump is recommended, which actually facilitates the
insertion of the stapler into the small openings by enlarg-
ing them to an appropriate size. Fourth, when closing the
defect, two stay sutures should be placed at both ends of
the defect as landmarks followed by a continuous V-
Loc™ suture in-between, allowing a safe closure of the
defect. Fifth, omentoplasty has currently been used to re-
inforce the anastomosis, which may be of value in case of
anastomotic micro-leakage [24].

An advantage of the side-to-side stapled anastomosis
seems to be that the technique can be widely applied to
other procedures such as laparoscopic total gastrectomy
followed by esophagojejunal anastomosis [25]. On the
other hand, the tumor location is a major limitation in
making the intrathoracic anastomosis. The technique is
basically suitable for patients with a cancer of the GEJ
or the distal esophagus in whom the esophagus can be
divided at the level of or just above the azygos arch
which offers a sufficient surgical margin. Technical dif-
ficulties, however, may arise when the anastomosis is
located higher up in the thoracic aperture, particularly
for patients with a cancer of the middle esophagus. In
those situations the cervical anastomosis shall always be
an alternative.

In conclusion, our prospective cohort study, where
we assessed the feasibility of minimally invasive esoph-
agectomy with intrathoracic stapled side-to-side anasto-
mosis in the prone position, demonstrated that the tech-
nique is feasible and safe to perform with an acceptable
postsurgical complication rate. Future clinical research
has to document further whether the method can indeed
minimize the risk of developing complications related to
the anastomosis as well as postoperative anastomotic
stricture formation.
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