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Abstract The purpose of this study was to demonstrate the
safety and technical feasibility of intracorporeal hand-sewn
esophagojejunostomy after laparoscopic total gastrectomy.
Laparoscopic total gastrectomy (LTG) is a technically chal-
lenging procedure, especially for esophagojejunal anastomo-
sis (EJA). Various techniques have been described to over-
come these difficulties using staplers with variable results.
We report successfully performed complete intracorporeal
hand-sewn EJA after LTG. The perioperative clinical data
and short-term outcomes for 30 patients who underwent
LTG using hand-sewn EJA for gastric cancer between 2013
and 2015 have been retrospectively reviewed. The mean age
was 49.9 years; 64 % of patients were male and 36 % were
female. The mean body mass index (kg/m2) was 22.4, and the
mean American Society of Anesthesiologists (ASA) score
was 1.4. Eleven patients had co-morbidities, and six patients
had previous abdominal operations. The mean operative time,
time for EJA, and blood loss was 136.9 min, 13.25 min, and
166 ml, respectively. The conversion rate was nil. The mean
time for the first oral feeding and mean hospital stay was 8.3
and 9.8 days respectively. The postoperative complications
were found in 16 % of patients with one case of 30-day mor-
tality because of lobar pneumonia. There were three cases of
anastomotic stenosis; however, no leakage was identified both
clinically and radiologically. Complete intracorporeal hand-
sewn EJA is a safe and feasible technique in the hands of

experienced surgeons that can be considered as an alternative
cost-effective method when performing LTG.
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Introduction

Gastric cancer is the secondmost common cancer among men
and third most among women worldwide [1]. In India, it is the
second most common killer among men and women, with the
highest incidence in southern states [2]. The prevalence is
linked to dietary factors and low socioeconomic status [3].

Although there is controversy about the oncological safety
of laparoscopy in early gastric cancer, it has been now adopted
as the standard surgical option for early gastric cancer, espe-
cially in Japan [4] and Korea [5]. Laparoscopic distal gastrec-
tomy (LDG) for gastric cancer has been accepted worldwide as
a safe and feasible technique; however, laparoscopic total gas-
trectomy (LTG) for gastric cancer has not gotten such popular-
ity because of technical difficulties, especially at the
esophagojejunal anastomosis (EJA). These include the purse
string suture and the difficulty of introducing the anvil of the
circular stapler into the esophagus and the fear of postoperative
complications especially anastomotic leak and stricture [6].

Esophagojejunostomy (EJA) can be done using either extra-
corporeal or intracorporeal techniques after LTG. Various tech-
niques have been described to overcome these difficulties of
EJA using intracorporeal anastomosis; however, none of them
is easy to follow nor free of postoperative complications [7].
These techniques include a conventional anvil head method, an
OrVil TM system method, a hemi-double stapling technique
with the anvil head, and side-to-side esophagojejunostomy
with a linear stapler [8].
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Nagai et al. adopted a technique of the inverted T-shaped EJA
anastomosis by linear stapler [7]. Inaba et al. used the overlap
method with side-to-side EJA between the anterior wall of the
ascending limb of the jejunum 7 cm distal to the stapler line and
the left side of the esophageal stump using a linear stapler [9].
However, this technique is quite difficult and requires adequate
length of esophagus for anastomosis, besides the reported rates
of postoperative leaks and stasis.

Therefore,we are sharing our experience of treating 30 patients
with gastric cancer who underwent laparoscopic total gastrectomy
(LTG) at the Galaxy Care Laparoscopy Institute, Pune, India,
using complete intracorporeal hand-sewn esophagojejunostomy,
with perfect short-term outcomes, namely postoperative anasto-
motic leak (n=0).

Methods

Patients

A total of 30 patients underwent LTG at the Galaxy Care
Laparoscopy Institute between January 2013 and January 2015,
and data was retrospectively analyzed. Preoperative assessments
were done using esophagogastroduodenoscopy, abdominal ultra-
sonography, and computed tomography. The indication for LTG
at our institute is for patients with T1, 2, 3 N1, 2 gastric tumors.
Patients with extensive peritoneal invasion, extensive esophageal
invasion, or extensive lymph node metastasis or are medically
unfit for major surgery were excluded. Patient characteristics in-
cluding age, gender, BMI (kg/m2), ASA score, co-morbidities,
and previous operation were recorded. Intra-operative character-
istics were the operative time in minutes, the time for EJA, the
estimated blood loss in milliliters, the extent of dissection, intra-
operative complications, the conversion rate, and the intra-
operative leak test at EJ anastomosis. The operative time was
calculated from the insertion of the Verrus needle till closure of
the minilaparotomy. The short-term surgical outcome in the form
of postoperative complications and leak from the EJ, time of oral
feeding, hospital stay, pathological data including the number of
LN retrieved, tumor size and grade, surgical margins, final stag-
ing, and 30-day mortality were all recorded.

Surgical Procedure

With the patient under general anesthesia and in the modified
Lloyd Davis position, the surgeon stood between the patient’s
legs and the first assistant stood on the patient’s right.
Pneumoperitoneum was made using a Verrus needle through
Palmer’s point. Ports were put as shown (Fig. 1a). After exten-
sive dissection of the lymph nodes, the duodenal bulb was divid-
ed using an endostapler; the stomachwas then reflected to dissect
the posterior attachment removing the capsule of the pancreas,
continuing dissection up to the gastroesophageal junction (GEJ).

The dissection is then done on the left and right crura of the
diaphragm freeing up the esophageal attachment up to 2 cmabove
the diaphragm. Two anchoring stitches are taken at the lateral
sides of the esophagus to the corresponding crura of the dia-
phragm, leaving at least 2 cm distal for anastomosis with the
jejunum, before cutting it to avoid retraction of the esophagus into
the chest (Fig. 1b). After ensuring an adequate safety margin, the
specimen is separated from the esophagus using a Harmonic de-
vice. The specimen is then secured in an Endobag. Our recon-
struction of the gastrointestinal tract starts using a loop of jejunum
30 cm distal to the ligament of Treitz, passing in a retrocoloic
fashion toward the proximal end of the esophagus to be attached.
The loop of jejunum is then attached to the cut end of esophagus
by another two anchoring stitches using 3-0 PDS suture (Fig. 1c).
After ensuring a good length of the loop in the supracolic com-
partment to avoid tension on the suture line, using 3-0 PDS suture,
the anastomosis is carried out intracorporeally, starting first at the
posterior wall of the esophagus on the left side, by one anchoring
stitch. An enterotomy is made in the antimesenteric border of the
jejunal loop, and then the rest of the posterior wall of the anasto-
mosis is completed using interrupted 3-0 PDS stitches (Fig. 2a).
Before starting the anterior layer, the anesthesiologist advances the
NGT into the bowel lumen to guide our stitches. The anterior
stitch line is then completed using the interrupted intracorporeal
stitches of 3-0 PDS suture (Fig. 2b). The reconstruction of
esophagojejunal anastomosis (EJA) is completed (Fig. 2c). We
used to test for EJA competence intra-operatively using the
NGT; the anesthesiologist injects 50 ml air during the wash, and
if there is any bubbling, we may reinforce the area with another
stitch until we make sure that there is no leak intra-operatively.
Side-to-side jejunojejunostomy is then performed using an
EndoGIA stapler. The specimen is then retrieved through 5-cm
minilaparotomy at the supraumbilical port. A feeding jejunostomy
tube is inserted as a routine and the procedure is then completed.

Postoperative Management

All the patients were observed for signs of postoperative leak.
Feeding started on the POD 2 through the jejunostomy tube.
The NGT was left in place and a postoperative gastrograffin
study was done in POD 7 for all the patients to exclude any
kind of stasis, stenosis, or leak. If the dye study was negative
for any leak, the NGT was removed and sips of water were
started to initiate oral feeding and the patient was discharged
on POD 8–10 after tolerating soft diet. The jejunostomy tube
was removed after 6 weeks.

Results

A total of 30 patients underwent laparoscopic total gastrecto-
my (LTG) for gastric cancer for early and locally advanced
gastric cancer (T1b, T2, T3).
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Patient characteristics (Table 1): The mean age was
49.9 years (range 39–59); 11 (36 %) patients were female and
19 (64 %) were male. The average BMI was 22.4 (range 17.9–
28). Eleven patients (36%) had co-morbidities, five (16%) had
hypertension, four (13 %) had diabetes mellitus, one (3.3 %)
had chronic obstructive pulmonary disease (COPD), and one
(3.3 %) had hypothyroidism. There was one patient with mul-
tiple co-morbidities. The ASA score was average 1.4, and

seven (23 %) patients had previous abdominal operations as
illustrated in the table.

The operative and postoperative outcome is summarized in
Table 2. The type of dissection was D2 in 5 patients (16 %) and
D1+β in 25 patients (84 %). There was no intra-operative mor-
tality. The mean operative time was 136.9 min (range 115–
190 min), and the estimated blood loss was 166 ml (range
130–190 ml). The mean time for esophagojejunal anastomosis

Fig. 1 a Port positions in
laparoscopic total gastrectomy. b
Anchoring stitches to the
diaphragm. c Jejunum anchored
to the esophagus

Fig. 2 a Posterior layer of EJ
anastomosis. b Anterior layer of
EJA started with Ryle’s tube
across the anastomosis. c EJA
construction is completed
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(EJA) was 13.25min (range 10–18min). Five patients had intra-
operative complications (16 %) as illustrated in Table 2.
However, the conversion to open approach was zero. The
intra-operative leak test was done for all patients which revealed
intra-operative leak in one patient (3.3 %), for which reinforce-
ment interrupted stitches were taken.

The mean follow-up duration was 10.9 months (range 6–
18 months). The time for first oral feeding was 8.3 days (range
7–11 days), and the mean hospital stay was 9.8 days (range 8–
18 days). In the early postoperative period, the complication rate
was 20% (6 patients) in the form ofwound infection in 3 patients
(10 %) and pulmonary complications in 3 patients (10 %).
However, no anastomotic leak was found in any of the patients
as confirmed by oral contrast study on POD 7. The number of
patients who suffered from EJA stenosis was 3 cases (10 %) in
the first 6 months and required balloon dilatation. All cases with
postoperative morbidities were managed conservatively. There
was no immediate postoperative mortality (30 days), apart from
one patient with history of COPD who suffered from resistant
left-sided lobar pneumonia, for which he had to be readmitted on
day 28 and died of pulmonary complications.

On pathological evaluation (Table 3), the average tumor size
was 4.8 cm (range 2.2–7.5 cm). The tumor location was
midportion in 9 patients (30 %), proximal portion in 18 patients
(60 %), and multicentric in 3 patients (10 %). The mean proxi-
mal margin achieved was 3.7 cm (range 1.8–6 cm). Tumor
grades were grade IV adenocarcinoma in 5 patients (16 %),
grade III adenocarcinoma in 9 patients (30 %), grade II adeno-
carcinoma in 9 patients (30%), and grade I adenocarcinoma in 7
patients (24 %). The number of lymph nodes retrieved in the
final pathology reports was 26.7 (range 16–35 LN). The average
lymph node involved with metastasis was 4.3 (range 2–8 LN).
The final clinical stagingwas stage 1B in 5 patients (16%), stage
IIA in 9 patients (30%), stage IIB in 6 patients (20%), stage IIIA
in 7 patients (24 %), and stage IIIB in 3 patients (10 %).

Discussion

Laparoscopy is an established surgical approach with the ad-
vantage of a more favorable clinical course compared to open
surgery for treatment of gastrointestinal diseases, including
early gastric cancer [10–13]. Moreover, low morbidity and
mortality rates have been reported with even extensive lapa-
roscopic lymphadenectomy in gastric cancer compared to the
open approach [5, 14, 15]. Since the first report of laparoscop-
ic distal gastrectomy (LDG) in 1991 by Kitano et al., LDG has
beenwidely adopted as an established surgical option for early
gastric cancer [14–16]. The number of laparoscopic total gas-
trectomies has been limited [17–20]. Performing
esophagojejunostomy is considered the major technical obsta-
cle during LTG [8, 21]. An extracorporeal approach could be
reasonable [18, 20–22]. However, most surgeons previously
performed extracorporeal esophagojejunostomy using an ad-
ditional minilaparotomy and operating in a narrow space in
patients with a large anteroposterior diameter is not always
feasible, especially if the patient is obese and entails a risk of
unnecessary tension at the EJ anastomosis. Inserting the anvil
into the distal end of the esophagus could be quite challeng-
ing. Therefore, many experts have invented some modifica-
tions and techniques of intracorporeal EJA to overcome these
challenges, and reported their feasibility and safety.

Takiguchi et al. described a semiautomatic suture device
(Endostitch, Covidien) for conventional EJA with the anvil
head into the distal esophagus and making the purse string
suture around it [23]. Usui et al. introduced LTG using an
endoscopic purse string suture instrument (Endo PSI) and a
circular stapler [24]. However, these devices are not widely
available. Besides, these circular-stapled methods are cumber-
some and have disadvantages such as reestablishment of a
pneumoperitoneum and placement of the minilaparotomy in
the supraumbilical area for insertion of the circular-stapled
instruments. Takiguchi et al. described one minor anastomotic
leak, which was attributed to the nipping of the jejunal wall
near the anastomotic portion which necessitated re-anastomo-
sis. Usui et al. reported no morbidity nor mortality, but the
mean operative time was quite long (301 min). Kinoshita et
al. also described an intracorporeal hand-sewn purse string to
attach the anvil into the esophagus [25].

Jeong and Park [26] introduced intracorporeal circular sta-
pling EJ using a transorally inserted anvil (OrVil) in 16 con-
secutive patients with gastric cancer in 2008. They reported a
mean operation time of 194 min (range 160–270 min), and
one patient had an intra-abdominal abscess that required sur-
gical drainage. Recently, it has been a common method of
EJA after LTG; however, it does carry risks of injury to the
pharynx down to the esophagus or anvil disconnection at areas
of natural esophageal constriction that may require endoscop-
ic removal [27]. Results have been variable with the use of
OrVil after LTG [6, 8, 26–29].

Table 1 Patient characteristics

Age 49.9 years (39–59 years)

Gender 19 male, 11 female

BMI (kg/m2) 22.4 (17.9–28)

Co-morbidities HTN, 5 (16 %)

DM type II, 4 (13 %)

COPD, 1/20 (3.3 %)

Hypothyroid, 1 (3.3 %)

HTN, DM, 1/20 (3.3 %)

ASA score 1.4 (1–2)

Previous operations Appendectomy, 3/30

Lap. cholecystectomy, 2/30

C.S., 1/30

Tubal pregnancy, 2/30

Inguinal hernia repair, 1/30
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Xie et al. demonstrated excellent surgical outcome in 28
patients who underwent LATG using the OrVil system. The
mean operative time was 143min, mean blood loss was 70ml,
and hospital stay was 9.6 days with no postoperative leak or
stenosis. There were two cases of aspiration pneumonia which
were treated conservatively [28]. Zuiki et al. also reported that
the incidence of anastomotic leakage was 1.9 % and stenosis

was 21.2 % in 52 patients who underwent LTG using OrVil
[29].

In a large study by Ito et al. comparing the surgical outcome
of patients who underwent LTG using OrVil with those after
open total gastrectomy and LATG, they demonstrated better
rates of anastomotic leak and stenosis with the OrVil group;
however, it was not significant [6].

Table 2 The operative and
postoperative outcome The mean operative time (min) 136.9 (115–190)

The time for EJA (min) 13.25 (10–18)

The estimated blood loss (ml) 166 (130–190)

Extent of LN dissection D2, 5/30 (16 %)

D1+β, 25/20 (84 %)

Conversion rate 0

Intra-operative competence test 1/30 (3.3 %) corrected intra-operative

Complications (intra-operative) Sp. capsule laceration, 2/30 (6.6 %)

Liver tear, 1/30 (3.3 %)

Duodenal stump laceration, 1/30 (3.3 %)

Pancreatic tail injury, 1/30 (3.3 %)

Anastomotic leak (postoperative) 0

EJA stenosis 3/30 (10 %)

Early postoperative complications Wound infection, 4/30 (13.3 %)

Atelectasis, 1/30 (3.3 %)

Lobar pneumonia, 1/30 (3.3 %)

Atelectasis +wound infection, 1/30 (3.3 %)

Time of first oral feeding (days) 8.3 (7–11)

The mean hospital stay (days) 9.8 (8–18)

30-day mortality 1/30 (3.3 %)

The mean follow-up period (months) 10.9 (6–18)

Table 3 Pathological outcome

Tumor size (cm) 4.8 (2.2–7.5)

Tumor location Proximal stomach, 18/30 (60 %)
Midgastric, 9/30 (30 %)
Multicentric, 3/30 (10 %)

The average proximal margin (cm) 3.7 (1.8–6)

Tumor grade (adenocarcinoma) Grade I, 7/30 (24 %)
Grade II, 9/30 (30 %)
Grade III, 9/30 (30 %)
Grade IV, 5/20 (16 %); poorly differentiated and signet ring cell carcinoma

Depth of invasion Submucosa, 5/30 (15 %)
Muscularis propria, 9/30 (30 %)
Subserosa, 13/30 (45 %)
Invading serosa, 3/30 (10 %)

Lymph node yield 26.7 (16–35)

The mean number of positive LNs 4.3 (0–8)

Clinical staging Stage IB, 5/30 (16 %)
Stage IIA, 9/30 (30 %)
Stage IIB, 6/30 (20 %)
Stage IIIA, 7/30 (24 %)
Stage IIIB, 3/30 (10 %)
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In spite of the shortened operation time using the OrVil
device, the digestive tract reconstruction-related complica-
tions still remain. Xie et al. compared the EJA complication
rates of their cases with those in previous reported studies. It is
obvious that reported leak and stenosis rates of end-to-side
circular staple anastomosis with OrVil after LATG ranged
from 0 to 16.7 % and from 0 to 33.3 %, respectively [28].

Shim et al. used the anterior wall of the stomach to intro-
duce the anvil through gastrotomy after applying detachable
silk suture attached to its head. A linear stapler was then
applied to transect the esophagus just below the anvil to
separate the stomach, while the suture was lifted up to keep
the anvil head out of the linear stapler. After firing, the
suture was pulled tight to show the center rod of the anvil,
and a circular stapler is applied. The result was the hemi-
double stapling technique with the anvil head. They de-
scribed this technique in 14 patients [8]. Only a selected
patient would be a candidate for this technique where the
tumor is at least 2–3 cm below the esophagojejunal junction.
The postoperative complication rate also was high with re-
gard to the sample size of this group, 42.8 % with a leak and
7 % stenosis [8].

Various groups described the use of linear staplers for EJ
anastomosis after LTG [7–9]. The common feature of all was
that the distal esophagus should be extensively mobilized in
order to apply the forks of the linear stapler. This carries the
risk of serious mediastinal infection if the proximal end of the
staple line retracted within the thoracic cavity [7].

Nagai et al. [7] used the linear stapler for EJ anastomosis in
an inverted T-shaped fashion after rotating the esophagus
clockwise 90°. Their mean operative time was quite long
(368 min), estimated blood loss was 80.4±115 ml, and mean
hospital stay was 14.2 days. The rate of complications in the
recent group was 17.5 % (10/57 patients); however, there was
no leak and a case of stasis at EJA.

Inaba et al. described the overlap method using the linear
stapler to perform EJA after LTG [9]. They performed the EJA
after ensuring an adequate length of the esophagus to make
end-to-end anastomosis with the jejunal loop. They reported a
mean operative time of 373.4 min (215–663 min), estimated
blood loss of 146.5–325.3 g, and mean hospital stay of
14.4 days. The morbidity rate was 24.5 %, with two cases of
anastomotic leak at EJA (3.8%), stasis in two patients (3.8%),
and pancreatic fistula in three patients (5.7 %); a leak from the
duodenal stump led to intra-abdominal abscess.

Although all of the previous studies have shown reasonable
outcome with regard to the safety of the procedure and rea-
sonable feasibility doing it, they depend on a single surgeon or
team experience and lack of comparable data serves as a lim-
itation for all of them. Until now there is no consensus de-
scribing the best approach for laparoscopic EJA after LTG,
and a widely accepted method for EJ reconstruction after
LTG has not yet been developed.

To the best of our knowledge, there is no report describing
complete intracorporeal hand-sewn esophagojejunostomy af-
ter LTG except for So and Park in 2011, who reported the
procedure in six patients and demonstrated its safety and fea-
sibility. However, the number of patients was very small, and
the authors suggested validating the results on a larger scale is
required [30].

Our technique has shown excellent surgical outcome in
the early postoperative period with no leak. Although all of
the patients did not have any complaints suggesting stenosis
and absence of radiological evidence of stenosis in the first
couple of months, three patients suffered from stenosis at
EJA that required endoscopic dilatation within the first
6 months. The early postoperative complication rate was
comparable with most of the previous studies. All were mi-
nor and treated conservatively. However, there was one case
of mortality because of lobar pneumonia in a patient with
COPD with impaired pulmonary function. The mean oper-
ative time of 136.9 min was short compared with most of the
previous studies. The time of oral feeding was in the average
common practice in the previous studies around the 8th day.
However, the mean hospital stay in our study was shorter
(9.8 days).

There are some advantages in our technique. It is very
simple, safe, and cost-effective. Furthermore, excessive mobi-
lization of the esophagus and Roux limb is not required. Also,
it has the least tension and tissue injury of the anastomotic site
than other stapled methods, besides the well-known advan-
tages of laparoscopic surgery. This technique could be repro-
ducible in the hands of laparoscopic surgeons with consider-
able experience of laparoscopic suturing techniques. Besides,
putting anchoring stitches on the lateral esophageal wall guar-
antees the absence of tension on the anastomotic line and
ensures a constant length of distal esophagus intra-abdominal-
ly, which in turn gives the operator enough space to work on
using the needle holder.

Conclusion

Our data suggest that laparoscopic total gastrectomy for gastric
cancer using intracorporeal laparoscopic hand-sewn
esophagojejunostomy is safe and technically feasible in the hand
of experienced laparoscopic surgeons. Therefore, it may be ac-
cepted as one method among various techniques described to
perform esophagojejunostomy using complete laparoscopic ap-
proach. However, larger-scale randomized comparative studies
should be conducted to validate its efficacy and safety.
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