JMIS

The Journal of Minimally Invasive Surgery

ORIGINAL ARTICLE

pISSN 2234-778X « elSSN 2234-5248
J Minim Invasive Surg 2023;26(2):64-71

Intrathoracic anastomosis using handsewn
purse-string suturing by the double-ligation method

in laparo-thoracoscopic esophagectomy
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Purpose: In minimally invasive esophagectomy (MIE), it is important to reduce the rate of
anastomotic leakage to ensure its safety. At our institute, the double-ligation method (DLM)
has been introduced to insert and fix the anvil of the circular stapler for intracorporeal circular
esophagojejunostomy in gastric surgery. We adopted this method for intrathoracic
anastomosis (lA) in MIE. The aim of this study was to investigate the safety of IA with DLM in
MIE.

Methods: In this study, 48 patients diagnosed with primary middle or lower third segment
thoracic esophageal carcinoma with clinical stage |, Il, Ill or IV disease were retrospectively
evaluated. Postoperative outcomes were assessed.

Results: Among the 48 patients, 42 patients underwent laparo-thoracoscopic esophagectomy
and |A using a circular stapler with the DLM. The average total operation time and
thoracoscopic operation time were 433 and 229 minutes, respectively. The average purse-
string suturing time was 4.7 minutes. The rates of anastomotic leakage and stenosis were
2.4% and 14.3%, respectively. The overall incidence of postoperative complications (Clavien-
Dindo grade of =lll) was 16.7%. The average postoperative stay was 16 days.

Conclusion: The procedure of IA using a circular stapler with the DLM in MIE was safe and
provided a low rate of anastomotic leakage.
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INTRODUCTION

bidity. In Japan, cervical anastomosis (CA) has been mainly

performed in MIE. The rate of CA in esophagectomy was

Anastomotic leakage is one of the most common severe com-
plications that occur after minimally invasive esophagectomy
(MIE). Anastomotic leakage is associated with a prolonged
postoperative hospital stay and can lead to postoperative mor-
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88.0% in a comprehensive registry of esophageal cancer in Ja-
pan [1]. However, the incidence of anastomotic leakage was re-
ported to be 12.7% in a review of the national clinical database
in Japan [2]. On the other hand, the incidence of anastomotic
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leakage is lower in intrathoracic anastomosis (IA) than in CA
[3—6]. To overcome the risk of anastomotic leakage, IA is con-
sidered one of the candidate procedures.

For 1A in MIE, stapled circular anastomosis or stapled side-
to-side anastomosis using a linear stapler are usually selected.
Circular anastomosis is a standard procedure in open Ivor-
Lewis esophagectomy. However, circular anastomosis in MIE
can be a challenging procedure due to the difficulty of insert-
ing an adequate-sized anvil of circular stapler into the thoracic
esophagus and purse-string suturing to hold the anvil in the
esophagus. To secure the A using a circular stapler in MIE, it is
important to overcome these difficulties.

In our institute, the double-ligation method (DLM) has been
introduced to insert and fix the anvil of the circular stapler for in-
tracorporeal circular esophagojejunostomy in gastric surgery [7].
In this procedure, a handsewn purse-string suture was laparo-
scopically placed, the anvil was fixed by ligation, and the ligated
thread was turned through the remnant of the posterior wall
of the esophagus. The turned thread was finally ligated again
to confirm reinforcement of the fixation. Then, intracorporeal
esophagojejunostomy was performed using a circular stapler.
To guarantee the safety of the insertion and the hold of the an-
vil into the thoracic esophagus in MIE, DLM previously reported
was introduced.

In the present study, our novel procedure of the IA in MIE
using DLM was introduced, and the surgical outcomes of the
procedure were retrospectively evaluated.

METHODS

This retrospective study enrolled 48 patients diagnosed with

April 2018—-December 2021
Primary middle-lower segment esophageal carcinoma
(n=48)

Thoracoscopic intrathoracic anastomosis

primary middle or lower third segment thoracic esophageal car-
cinoma with clinical stage |, II, Il or IV (M1 lymph node metasta-
sis in the supraclavicular lymph nodes) who underwent planned
curative resection from April 2018 to December 2021 at Ogaki
Municipal Hospital in Ogaki, Japan. Three patients underwent
laparotomy because two patients had gastric cancer and the
other had rectal cancer, and they were excluded from the
study. Two patients underwent thoracotomy due to a history
of thoracotomy and were also excluded from the study. One
patient underwent to CA instead and was also excluded from
the study (Fig. 1). The remaining 42 patients underwent laparo-
thoracoscopic esophagectomy. All operations were performed
by a single surgeon (TT).

Data on the patients’ clinical characteristics as well as labora-
tory, treatment, and pathological data were collected from their
medical records. Tumor staging was determined according to
the 8th edition of the TNM classification system [8].

Under general anesthesia, patients were placed in a modified
lithotomy position, and the abdominal part of the surgical pro-
cedure was started. In the case of three-field lymph node dis-
section, the cervical part was performed after the laparoscopic
part. 4K imaging technology (IMAGE1 S 4U Rubina; Karl Storz
Endoscopy-America, Inc.) was used for the laparo-thoraco-
scopic procedure and fluorescence imaging for displaying in-
docyanine green (ICG). By the open method, a 30° endoscope
(HOPKINS Forward-Oblique Telescope 30°% KARL STORZ En-
doscopy-America, Inc.) was inserted below an umbilical incision.
An additional four ports were created, and a Nathanson liver
retractor for liver lift was inserted under laparoscopic vision (Fig.
2A). Gastric mobilization and dissection of the lower mediasti-

tI Laparotomy (n = 3) |

:I Thoracotomy (n = 2) |

:I Converted to cervical anastomosis (n = 1)

4

Laparo-thoracoscopic
esophagectomy (n = 42)
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Fig. 1. Treatment summary.
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nal lymph nodes (Fig. 2B), perigastric lymph nodes, and lymph
nodes along the left gastric and the common hepatic artery
were performed. A 4-cm-wide gastric tube was created lapa-
roscopically using two to three firings of a linear stapler (Endo
GIA Purple Reload with Tri-Staple Technology, Medtronic) (Fig.
2C). A bolus of 10 mg of the ICG dye (Diagnogreen for injec-
tion; Dai-Ichi Pharm) was injected from a peripheral vein, and
the site of anastomosis was decided (Fig. 2D). The staple line
was sutured using 3-0 Vicryl (Ethicon) (Fig. 2E). Pyloroplasty or
feeding jejunostomy were not performed in all patients. Finally,
the gastric tube was filled to the lower mediastinal cavity (Fig.
2F). Feeding jejunostomy was not performed in all patients.
Patients were then changed to a left lateral position using
blocker intubation (COOPDECH Endobronchial Blocker Tube;
Daiken Medical Co.) to establish single-lung ventilation. The tho-
racic procedure was performed using five ports under 8-mmHg
pneumothorax. (Fig. 3A). After mediastinal lymph node dissec-
tion, including dissection of the lymph nodes beside the right
and left recurrent laryngeal nerves, and esophageal mobiliza-
tion, the esophagus was cut above the aortic arch using a
linear stapler (Endo GIA Purple Reload with Tri-Staple Technol-
ogy). Then, the esophagus was cut again just above the staple
line using an ultrasonically activated scalpel (Harmonic Ace
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Fig. 2. (A) Distribution of five ports
during the abdominal procedure.
(B) Dissection of lower mediastinal
lymph nodes. (C) Laparoscopic
creation of gastric tube. (D) Indo-
cyanine green-stained imaging. (E)
Suturing of the staple line of the
gastric tube. (F) Pulling up of the
gastric tube.

+7, Ethicon; or Sonicision Curved Jaw, Medtronic). By the DLM
as described previously, the anvil head with 25-mm diameter
of the circular stapler (Premium Plus CEEA, Medtronic) was
placed into the upper esophagus. First, a handsewn purse-
string suture was placed using a 20-cm, 2-0 Prolene (Ethicon)
along the cut end of the esophagus with a full-thickness stitch
from the outside-in and inside-out (Fig. 3B). Second, the anvil
rim was introduced into the esophageal lumen. Third, the suture
was ligated, and the anvil was fixed (Fig. 3C). Fourth, the ligated
thread was turned through the remnant posterior wall of the
esophagus, and the turned thread was ligated again (Fig. 3D).
Finally, the remnant esophageal wall was incised. The 5-mm
trocar port on the posterior axillary line was extended to 7 cm,
and the gastric tube was lifted to the thoracic cavity (Fig. 3E).
Gastroesophageal anastomosis was performed using the cir-
cular stapler (Premium Plus CEEA) (Fig. 3F). The gastric tube
was cut at 2 cm proximal side from the anastomosis using a
linear stapler (Endo GIA Purple Reload with Tri-Staple Technol-
ogy) (Fig. 3G). The incision protector was again placed, and
the stump was sutured using 3-0 Vicryl using five ports under
8-mmHg pneumothorax. The anastomosis was surrounded by
the greater omentum. Finally, a chest drainage tube was placed
(Fig. 3H).
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Definition of postoperative morbidity

Postoperative anastomotic leakage was diagnosed by comput-
ed tomography scanning, which would demonstrate the pres-
ence of any extraluminal air or fluid collection. Postoperative
anastomotic stricture was defined in patients who had difficulty
swallowing and underwent upper gastrointestinal endoscopy

after esophagectomy if the diameter of the anastomosis was
smaller than the diameter of the endoscope (9.9 mm). The
grade of other complications was defined according to the
Clavien-Dindo (CD) classification [9].

Literature review

To review the literature about intrathoracic esophagogastric
anastomosis using circular stapler for thoracoscopic esopha-
gectomy, “intrathoracic anastomosis,” “thoracoscopic,” and “cir-
cular stapler” were used as keywords for PubMed.

https://doi.org/10.7602/jmis.2023.26.2.64
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Fig. 3. (A) Distribution of five ports
during the thoracic procedure.
(B) Handsewn purse-string
suturing. (C) Insertion of the anvil
and ligation of the purse-string
suture. (D) Ligation of the turned
thread (double-ligation method).
(E) A 7-cm mini-thoracotomy and
pulling up of the gastric tube. (F)
Gastroesophageal anastomosis.
(G) Cut of the gastric tube using a
linear stapler. (H) Detention of the
chest tube.

RESULTS

Patient characteristics

Table 1 shows the patient characteristics. There were 31 male
(73.8%) and 11 female patients (26.2%) with a mean age of 68
years (range, 50—83 years). The location of the tumors was the
middle thorax in 25 patients (59.5%) and the lower thorax in 17
patients (40.5%). The disease rates in clinical stage |, Il lll, and
IVB were 33%, 17%, 40%, and 10%, respectively. All clinical
stage IVB patients had supraclavicular lymph node metastases
and no distant organ metastasis.

Surgical outcomes

The surgical outcomes are shown in Table 2. The median
operative time was 433 minutes (range, 327—641 minutes).
The median laparoscopic time and thoracoscopic time were
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Table 1. Patients’ characteristics
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Table 2. Surgical outcomes

Characteristic Data Characteristic Data
No. of patients 42 Operative time (min)
Age (yr) 68 (50-83) Total 433 (327-641)
Sex Laparoscopic time 135 (90-237)
Male 31 (73.8) Thoracoscopic time 229 (131-321)
Female 11 (26.2) Cervical time? 111 (37-157)
ASA PS classification Blood loss (mL)
I 13 (31.0) Total 200 (5-1,235)
Il 29 (69.0) Thoracic part 150 (0-1,230)
Pathological differentiation Lymph node dissection
SCC 42 (100) Two field 23 (54.8)
Location of tumor Three field 19 (45.2)
Middle 25 (59.5) Curability
Left 17 (40.5) RO 35 (83.3)
cT status R1 4 (9.5)
T1 15 (35.7) R2 3(71)
T2 1(2.4) No. of harvested lymph nodes 44 (17-115)
T3 26 (61.9) Purse-string suturing time (min) 4.7 (1.4-12.1)
cN status Conversion to open surgery 0(0)
NO 21 (50.0) Values are presented as median (range) or number (%).
N1 12 (28.6) “Patients with cervival lymphadenectomy (n = 20).
N2 9 (21.4)
cM status minutes). No conversions to open surgery were observed.
MO 36 (85.7)
M1 6 (14.3)
Clinical stage Details of the postoperative morbidities and mortality are shown
| 14 (33.3) in Table 3. Postoperative complications of CD grade Il or more
Il 7 (16.7) occurred in 19 patients (45.2%). Anastomotic leakage occurred
11 17 (40.5) in only one patient (2.4%). The complications, excluding anas-
ViR 4 (9.5) tomotic leakage, were pneumonia (23.8%), vocal cord palsy

Values are presented as number only, median (range), or number (%),
ASA PS; American Society of Anesthesiologists Physical Status;
SCC, squamous cell carcinoma.

JAll patients were diagnosed as clinical stage IVB because of
supraclavicular lymph nodes metastases.

135 minutes (range, 90—237 minutes) and 229 minutes (range,
131-321 minutes), respectively. The total blood loss and blood
loss of the thoracic part were 200 mL (range, 5-1,235 mL) and
150 mL (range, 01,230 mL), respectively. Three-field lymph
node dissection was performed in 19 patients (45.2%). RO
resection was performed in 35 patients (83.3%). The number
of harvested lymph nodes was 44 (range, 17-115). The purse-
string suture time (from the insertion of 2-0 Prolene into the
esophageal wall to completion) was 4.7 minutes (range, 1.4—12.1

68

(9.5%), pancreatic fistula (4.8%), chylothorax (2.4%), empyema
(2.4%), and wound infection (2.4%). Unplanned intubations oc-
curred in five patients (11.9%). Complications of CD grade Il or
more occurred in seven patients (16.7%). Reoperations were
required in one patient due to postoperative hemorrhage. One
patient (2.4%) died due to gastrobronchial fistula with pulmo-
nary infection.

Anastomotic stricture occurred in six patients (14.3%). All
patients were relieved by endoscopic balloon dilatation. Three
patients underwent it once, one patient underwent twice, one
patient underwent four times, and one patient underwent six
times.

Reflux esophagitis of Los Angeles classification grade A or
more occurred in four patients.
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JMIS

DISCUSSION

In the present study, we introduced our novel procedure of IA
with DLM in MIE. The incidence of anastomotic leakage was
only 2.4%. To overcome the difficulty of the insertion and fixa-
tion of the anvil of the circular stapler in the thoracoscopic pro-
cedure, we adopted the DLM. In this procedure, by using only
2-0 Prolene, the anvil was safely inserted and fixed without an-
other device, such as OrVil (Covedien Medtronic), Endo-Stitch
(Medtronic), or ENDOLOOP Ligature (Ethicon).

The Ivor-Lewis procedure has been considered the standard

Table 3. Operative morbidity and mortality

Complication Data
Anastomotic leak 1(2.4)
Pneumonia 10 (23.8)
Vocal cord palsy? 4 (9.5)
Pancreatic fistula 2(4.8)
Chylothorax 1(2.4)
Postoperative bleeding 1(2.4)
Empyema 1(2.4)
Wound infection 1(2.4)
Unplanned intubation 5(11.9)
Any complications with CD grade =llI 7 (16.7)
Reoperation 1(2.4)
Anastomotic stricture 6 (14.3)
Reflux esophagitis” 4(9.5)
Postoperative hospital stay (day) 16 (13-59)
Postoperative mortality 1(2.4)

Values are presented as number (%) or median (range).
AClavien-Dindo (CD) grade >I. ”Los Angeles grade =A.

Thoracoscopic intrathoracic anastomosis

treatment for middle or lower esophageal cancer in Western
countries and has been reported to be preferable to the McKe-
own operation [4,6,10]. This approach allows a lower incidence
of postoperative anastomotic leakage, recurrent laryngeal
nerve injury, and a shorter hospital stay. In contrast, CA is a
commonly performed procedure in Japan, where three-field
lymph node dissection is a standard esophagectomy. After
mediastinal lymph node dissection by the thoracoscopic ap-
proach, the gastric tube was pulled up through the mediastinal
or retrosternal route, and CA was performed. However, the in-
cidence of anastomotic leakage was reported to be 12.7% in a
review of the national clinical database in Japan [2], and it was
higher than for 1A in Western countries [5,10]. To decrease the
rate of anastomotic leakage, we adopted the thoracoscopic IA
technique for middle and lower thoracic esophageal carcinoma,
even for three-field lymph node dissection. Nineteen patients
among the 42 patients in this study underwent three-field lymph
node dissection.

For 1A using circular anastomosis, insertion of the anvil of the
circular stapler in the upper esophagus is a crucial procedure.
We summarize the surgical outcomes of various methods for
anvil fixation for circular esophagojejunostomy, including more
than 30 cases in Table 4 [11—14]. In three studies using a hand-
sewn procedure, ligation was performed just once [11-13]. In
the DLM, after the purse-string suture was ligated and the anvil
was fixed, the ligated thread was turned through the remnant
posterior wall of the esophagus, and the turned thread was
ligated again. The DLM was the useful method for the ligation
and fixation of the anvil using the only one thread in intracor-
poreal circular esophagojejunostomy in gastric surgery [7]. We
borrowed this method for intrathoracic esophagogastric anas-
tomosis. To reinforce the fixation of the anvil, ENDOLOOP Liga-

Table 4. Literature review of surgical technique of intrathoracic anastomosis using circular stapler

Study Year Sample Method Total operation Operation time of Anastomotic Anastomotic
size (n) time (min)  thorax part (min) leakage rate (%) stricture rate (%)

Campos 2010 37 OrVil (Covedien Medtronic) 275 - 2.7 13.5
etal.[14]

Aietal. [13] 2014 62 Handsewn 260 155 1.6 -

(purse-string suture)

Jeon 2016 54 Handsewn 372 255 5.2 8.6
etal. [11] (purse-string suture)

Kang 2018 215 Handsewn 297 - 2.8 -
etal.[12] (purse-string suture)

Present 2022 42 Handsewn 433 229 2.4 14.3
study (double-ligation method)

https://doi.org/10.7602/jmis.2023.26.2.64
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ture may be useful. OrVil is also reported to be another useful
method for the intrathoracic esophagogastric anastomosis [14].
However, the cost of ENDOLOOP Ligature is $3.14 and that of
OrVil is $226. In contrast, only one thread (2-0 Prolene) was
used in DLM. Therefore, DLM is more economical and simple
method to ensure the definite fixation of the anvil.

Anastomotic stricture is one of disadvantages of the circular
anastomosis. The rate of postoperative anastomotic stricture
was 14.3% in this study although all patients could be relieved
by endoscopic balloon dilatation. Also in other studies, the rate
was 8.6% [11] or 13.6% [14] (Table 4). In contrast, using linear
stapled intrathoracic esophagogastric anastomosis, that was
reported to be 1.9% [3] or 2.8% [15], and those were lower com-
pared with the circular anastomosis. Shiraishi et al. [16] reported
the anastomotic stricture was only 3.8% when the stapler was
fired through the natural thickness of the stomach wall in cervi-
cal esophagogastric anastomosis. In our IA, the stapler tended
to be fired while pulling because the anastomosis was per-
formed through 7-cm mini-thoracotomy, and that can be one of
causes of the anastomotic stricture. To reduce the rate of the
anastomotic stricture in our method, we should pay attention to
not pulling the gastric tube when the stapler is fired.

In A using a circular stapler, mini-thoracotomy is necessary
to pull up the gastric tube and insert an end-to-end anastomo-
sis (EEA) body into the gastric tube. In our surgical procedure,
the posterior 7-cm length of incision was made to insert the
EEA body. Through thoracotomy, the latissimus dorsi muscle
was dissected, which can impair respiratory function. In our
cases, the incidence of postoperative pneumonia was 23.8%,
which was higher than that in past reports performing IA [5,10].
Additionally, in a review of the national clinical database in Ja-
pan, the incidence of pneumonia was only 13.9% in MIE [2]. To
decrease the incidence of pneumonia, muscle-sparing mini-
thoracotomy might be useful [17]. If the mini-thoracotomy is
made in the anterior incision, the latissimus dorsi muscle can be
preserved, and respiratory function may also be preserved in
our operative procedure.

The limitations of this study were the very small sample size,
the clinical data at only a single institution and the retrospective
self-analysis results. Therefore, this study should be considered
a preliminary study. To verify the usefulness of IA with the DLM,
further phase Il multicenter randomized controlled trials are
necessary.

In conclusion, the novel procedure of IA with DLM in MIE
was safe and provided a lower rate of anastomotic leakage for
middle to lower esophageal carcinoma.
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