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Abstract

Background This study was performed to verify the superiority of a new ‘“non-tensioning method” for avoiding stricture of
the cervical esophagogastric anastomosis by circular stapling compared with the conventional method.

Methods In total, 395 consecutive patients who underwent McKeown esophagectomy with gastric conduit (GC) recon-
struction were reviewed. A 4 cm-wide GC was created and pulled up at the cervical site through the retrosternal route. The
esophagogastrostomy site of the GC was planned as far caudally as possible on the greater curvature side. In the conven-
tional technique, the stapler was fired while pulling the GC to avoid tissue slack. In the non-tensioning technique, the stapler
was fired through the natural thickness of the stomach wall. The length of the blind end was changed from 4 to 2 cm in the
non-tensioning technique. Anastomotic leakage and stricture formation were compared between the two techniques, and
adjustment was performed using propensity score matching.

Results The conventional group comprised 315 patients, and the non-tensioning group comprised 80 patients. Anasto-
motic leakage occurred in 22 (7%) and 2 (2.5%) patients, respectively (P=0.134) [and in 9 (2.9%) and 2 (2.5%) patients,
respectively, if leakage at the blind end was excluded]. Anastomotic stricture occurred in 92 (29.2%) and 3 (3.8%) patients,
respectively (P <0.001). The propensity score-matching analysis including 79 pairs of patients confirmed a lower stricture
rate in the non-tensioning than conventional group (2.5% vs. 29.1%, P <0.001).

Conclusions The non-tensioning technique significantly reduced the incidence of anastomotic stricture compared with the
conventional technique.
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Introduction

Esophagectomy with gastric conduit (GC) reconstruction
is considered the standard surgical treatment for thoracic
esophageal cancer worldwide. McKeown esophagectomy,
which involves cervico-thoraco-abdominal lymph node dis-
section and cervical esophagogastric anastomosis, is gen-
erally recognized as a very invasive operation with a high
risk of postoperative morbidity and mortality'-*. However,
the incidence of severe postoperative complications such as
pneumonia and anastomotic leakage has gradually decreased
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with improvements in surgical techniques and postoperative
management’. Although not life-threatening, anastomotic
stricture is a troublesome complication that causes dyspha-
gia. It is often disruptive because it occurs at 2 to 3 months
postoperatively*, when many patients who have undergone
gastrointestinal reconstruction after esophagectomy are suf-
fering from anorexia®.

The most basic and classic anastomotic technique is hand-
sewn anastomosis. This technique has the advantage of being
adaptable to all patients after esophagectomy; however, it is
time-consuming and operator-dependent. A circular stapling
device, the use of which is simple and uniform, has been
developed to resolve these problems. Systematic reviews
comparing the circular stapling technique with the hand-
sewn technique showed that the incidence of anastomotic
leakage was equivalent between the two (6-9% and 8-11%,
respectively), but stricture formation was more frequent with
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the circular stapling technique than with the hand-sewn tech-
nique (23-31% and 14-16%, respectively)”®. Therefore, to
some degree, anastomotic stricture formation after use of a
circular stapler has been recognized as an inevitable prob-
lem. A collard or side-to-side stapling method that creates
a wide anastomotic opening using a linear stapler has been
developed as a countermeasure”'?. Several studies compar-
ing different stapling methods showed that linear stapling
techniques were associated with a 3.0 to 10.9% incidence
of anastomotic leakage and a 2.9 to 14.1% incidence of
anastomotic stricture, leading to the conclusion that lin-
ear stapling is advantageous for prevention of anastomotic
stricture formation''='*. However, a major disadvantage of
linear stapling methods is the narrowness of their adapta-
tion; they cannot be applied unless the cervical esophagus
remains long. Thus, the optimal anastomosis technique for
the cervical esophagus remains controversial %,

We have always considered that the simplicity and ver-
satility of the circular stapling method are great advantages.
Therefore, we have been improving and have now almost
completed our technique to reduce anastomotic failure. As
the next step in improving this technique, we attempted to
prevent anastomotic stricture. We considered that one cause
of anastomotic stricture was the return of the stomach wall
to its original thickness after creation of the anastomosis
because the GC wall had been anastomosed with a thin wall
while the GC was pulled to avoid slack at the anastomo-
sis site. Based on this theory, the conventional method was
modified to a “non-tensioning method” to prevent anasto-
motic stricture formation. The purpose of this study was to
verify the superiority of the non-tensioning method in pre-
venting anastomotic stricture compared with the previously
used conventional method in esophagogastric anastomosis
after McKeown esophagectomy.

Materials and Methods
Patients

In total, 570 consecutive patients who underwent esophagec-
tomy for esophageal cancer at the Department of Surgery,
Kindai University Faculty of Medicine from July 2009
to December 2020 were reviewed in the present study.
The inclusion criteria were performance of McKeown
esophagectomy with GC reconstruction, cervical anas-
tomosis using a 25-mm circular stapler, pulling up of the
GC through the retrosternal route, and no residual tumor.
The exclusion criteria were a two-stage operation, in-hos-
pital mortality, follow-up period of less than 6 months, and
postoperative radiation treatment at the cervical site. After
exclusion of 175 patients, 395 patients were enrolled in the
study and retrospectively analyzed (Fig. 1). The Institutional
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Fig.1 CONSORT flow diagram

Review Board of Kindai University Faculty of Medicine
approved this study (approval number R03-087).

Surgical Procedure

In July 2009, we established a GC reconstruction procedure
to prevent anastomotic leakage in our institute, and this uni-
form procedure (described as follows) has been performed
since that time. First, a GC was created using a linear cut-
ter by a multiple cutting method in which the GC was cut
by a few short pitches from the lesser curvature and then
gradually cut by long pitches with sufficient stretch along the
greater curvature. Since 2014, the first cut from the lesser
curvature has been performed with a curved cutter-stapler
device (Supplemental Fig. l1a-e). The 4 cm-wide GC was
created as long as possible (Fig. 2a). The anvil of the circular
stapler was secured with a purse-string suture at the proxi-
mal end of the esophagus. Second, the GC was pulled up to
the cervical site through the retrosternal route, and esoph-
agogastrostomy was planned using a 25-mm circular stapler
at the GC as far caudally as possible on the greater curvature
side, aiming for a site with good circulation (Fig. 2b). A
circular stapled device was inserted through the blind end,
and esophagogastrostomy was performed. Third, the blind
end of the GC was cut down by a linear stapler and a buried
suture was added (Fig. 2c). After slightly pulling down the
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Fig.2 Anastomotic procedure.
a The 4 cm-wide gastric conduit
was created as long as possible.
b The esophagogastrostomy site
was planned as far caudally as
possible on the greater curva-
ture side. ¢ The blind end was
cut down by a linear stapler. d, e
The dorsal anastomotic site, tra-
cheal membranous portion, and
blind end of the gastric conduit
were covered with omentum

GC, the dorsal anastomotic site, tracheal membranous por-
tion, and blind end of the GC were covered with omentum
(Fig. 2d, e). Finally, the dissected anterior cervical muscles
were sutured to the sternocleidomastoid muscle to cover the
blind end of the GC, and the surgical wound was closed
without a drain at the anastomotic site. A nasogastric tube
with automatic intermittent suction was inserted and used
for decompression for 5 days.

The above-described steps were common to both the con-
ventional and non-tensioning methods. The conventional
technique was refined to the non-tensioning method for pre-
vention of anastomotic stricture formation in January 2018.

Fig. 3 Differences between the
two methods. a In the conven-
tional method, the staples were
fired while pulling the gastric
conduit to avoid tissue slack. b
In the non-tensioning method,
the staples were fired through
the natural thickness of the
stomach wall without pulling of
the gastric conduit

The differences between the two methods are as follows. In
the conventional method, the anvil of the circular stapler
was closed while pulling the GC to avoid tissue slack at the
anastomosis site (Fig. 3a). In the non-tensioning method,
the anvil of the circular stapler was closed through the natu-
ral thickness of the stomach wall without pulling (Fig. 3b).
Additionally, the height of the B-form stapler was adjusted
from < 1.5 mm in the conventional method to>2.0 mm in
the non-tensioning method to loosen the tissue pressure, and
the length of the blind end was changed from 4 cm in the
conventional method to 2 cm in the non-tensioning method.
The conventional method was performed by Y.T. as the
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operator, and the non-tensioning method was performed by
S.0. as the operator or instructor. Both doctors are board-
certified esophageal surgeons. Y.T. and S.O. participated
in both methods to maintain the quality of the operation.
Therefore, both methods were equivalent in quality with the
exception of tension at the anastomotic site and length of
the blind end.

Evaluation

Anastomotic leakage was identified by the existence of free
air outside the intestine as shown by computed tomography
or by performing drainage at the cervical wound. The site of
leakage was confirmed by endoscopy. An anastomotic stric-
ture was defined as stenosis impeding the passage of a 9-mm
endoscope, for which endoscopic dilatation was needed
without anastomotic relapse. Clavien—-Dindo grade >1II
pneumonia and other severe grade > I1Ib complications were
considered postoperative complications that may affect the
general condition.

Propensity Score-Matched Analysis

Propensity score-matched analysis was conducted using a
logistic regression model and the following covariates pre-
sumed to be risk factors for anastomotic stricture: sex, age,
body mass index, cardiovascular disease, chronic obstructive
pulmonary disease, diabetes mellitus, tumor location, clini-
cal stage, preoperative treatment, approach in the abdominal
operation, and field of cervical lymph node dissection.

Statistical Analysis

Continuous variables are expressed as mean or median. The
Mann—Whitney U test was used to compare nonparametric
variables. Categorical data were compared using Fisher’s
exact test or Pearson’s chi-square test. We investigated the
risk factors for anastomotic stricture using logistic regression
analysis. Several clinicopathological variables were selected
according to our clinical experience, and variables with P
values of < 0.1 in the univariate analysis were included in
the multivariable analysis. Differences were considered sta-
tistically significant at P <(0.05. All statistical analyses were
performed using JMP data analysis software, version 9.0.2
(SAS Institute Inc., Cary, NC, USA).

Results

The characteristics of the patients in the non-tensioning
group and conventional group are shown in Table 1. There
were no major differences in age, body mass index, car-
diovascular disease, chronic obstructive pulmonary disease,
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diabetes mellitus, tumor location, clinical stage, or field of
cervical lymph node dissection between the two groups.
However, the non-tensioning group had significantly more
female patients, neoadjuvant chemotherapy, and hand-
assisted laparoscopic surgery than the conventional group.
After propensity score matching, 79 patients were respec-
tively selected in each group, and all variables became
equivalent in both groups.

Postoperative Complications and Stricture
Formation

Postoperative complications before and after propensity
score matching are shown in Table 2. Comparison of all
patients showed that 2 patients (2.5%) in the non-tensioning
group and 22 patients (7%) in the conventional group devel-
oped anastomotic leakage. Examination of the leakage site
showed equivalent rates of leakage between the groups at
the esophagogastric anastomosis [two patients (2.5%) in the
non-tensioning group and nine patients (2.9%) in the con-
ventional group]. Leakage at the blind end occurred in 13
patients (4.1%), increasing the total leakage rate in the con-
ventional group. The rates of pneumonia, severe grade >IIIb
complications, and hospitalization were similar between the
two groups. Anastomotic stricture as the primary endpoint
occurred in only 3 patients (3.8%) in the non-tensioning
group but in 23 patients (29.1%) in the conventional group
(P <0.001). Most cases were resolved by treatment with
bougies. Additionally, refractory strictures requiring > 5
bougies occurred in no patients in the non-tensioning group
but in 4 patients in the conventional group. After propen-
sity score matching, the results were similar to those of all
patients; there was no difference in the rate of anastomotic
leakage, but the rate of anastomotic stricture was 3.8% in the
non-tensioning group and 29.1% in the conventional group.

Risk Factors for Anastomotic Stricture

The multivariable logistic regression analysis showed that
three-field lymphadenectomy, anastomotic leakage, and the
conventional method were significant risk factors for anas-
tomotic stricture (Table 3).

Discussion

The present study demonstrated that the non-tensioning
anastomotic method significantly reduced the incidence
of anastomotic stricture compared with the conventional
method. Reducing the rate of anastomotic stricture to 3.8%
with the use of a circular stapler is very important because
it would allow for the use of a simple and versatile circular
stapled device and improve the patient’s quality of life.
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Table 1 Patient characteristics
Variable All patients Propensity-matched patients
Non-tensioning Conventional P value SMD Non-tensioning Conventional P value SMD
n=80 (%) n=315 (%) n=79 (%) n=79 (%)
Gender 0.002 0.360 1.000 0.028
Male 55 (68.8) 264 (83.8) 55 (69.6) 56 (70.9)
Female 25(31.2) 51(16.2) 24 (30.4) 23 (29.1)
Age, mean+SD 66.7+7.9 65.6+8.2 0.263 0.142 66.5+7.9 66.5+8.2 0.991 0.002
BMI, mean +SD 20.8+3.7 212429 0.207 0.147 20.8+3.7 20.7+2.9 0.824 0.035
Comorbidity
Cardiovascular disease 4(5) 26 (8.3) 0.327 0.131 4.1 2(2.5) 0.681 0.133
COPD 16 (20) 71 (22.5) 0.625 0.062 16 (20.3) 17 (24.1) 0.702 0.092
Diabetes mellitus 9(11.3) 36 (11.4) 0.964 0.006 9(11.4) 9(11.4) 1.000 0.001
Histological type 0.702 0.507
Squamous cell carcinoma 77 (96) 297 (94) 76 (96) 78 (98.7)
Adenocarcinoma 1(1.3) 9(2.9) 1(1.3) 0
Others (basaloid/carcinosarcoma) 2 (2.5) 9(2.9) 2(2.5) 1(1.3)
Location 0.365 0.175 1.000 0.029
Upper 17 (21.2) 49 (15.6) 16 (20.3) 16 (20.3)
Middle 39 (48.8) 151 (47.9) 39 (49.4) 40 (50.6)
Lower 24 (30) 115 (36.5) 24 (30.4) 23 (29.1)
cStage 0.137 0.304 0.965 0.086
1 15 (18.8) 95 (30.1) 15 (19) 17 (21.5)
1I 13 (16.2) 58 (18.4) 13 (16.5) 11 (13.9)
1 42 (52.5) 135 (42.9) 41 (51.9) 41 (51.9)
IV (supraclavicular lymph node) 10 (12.5) 27 (8.6) 10 (12.7) 10 (12.7)
Preoperative treatment <.001 0.515 1.000 0.034
Surgery alone 13 (16.2) 112 (35.6) 13 (16.5) 14 (17.7)
Neoadjuvant chemotherapy 64 (80) 179 (56.8) 63 (79.7) 62 (78.5)
Chemoradiation 3(3.8) 24 (7.6) 3(3.8) 3(3.8)
Abdominal approach 0.008 0.377 1.000 0.050
HALS 74 (92.5) 251 (79.7) 73 (92.4) 74 (93.7)
Laparotomy 6(7.5) 64 (20.3) 6 (7.6) 5(6.3)
Field of lymphadenectomy 0.385 0.109 0.625 0.104
2FL 33 (41.2) 147 (46.7) 33 (41.8) 29 (36.7)
3FL 47 (58.8) 168 (53.3) 46 (58.2) 50 (63.3)

SD standard deviation, COPD chronic obstruction pulmonary disease, HALS hand-assisted laparoscopic surgery, FL field lymphadenectomy,
¢TNM clinical tumor node metastasis classification, SMD standardized mean difference

Circular stapled anastomosis is an easy method to per-
form. The head diameter of the circular stapler device
reaches 21 to 28 mm, and it can be adapted to almost all
cases of cervical anastomosis during McKeown esophagec-
tomy. This versatility is a strong advantage; however, the
frequent occurrence of anastomotic stricture has been rec-
ognized as an intractable problem’®!>. New anastomotic
methods such as the collard and side-to-side techniques were
developed as countermeasures. Although they are excellent
techniques with a low stricture rate, they have poor versatil-
ity because they cannot be adapted to cases with a short rem-
nant cervical esophagus''™'. If a special technique for the

hand-sewn method can be mastered, the stricture rate may
be lowered; however, this is a highly operator-dependent
and distant goal. The ideal is to develop a simple circular
stapling method without stricture formation.

The strongest causative factor in the formation of anas-
tomotic stricture is anastomotic leakage as indicated by
our multivariable logistic analysis and previous reports
43.16 T eakage results in tissue necrosis and collapse of the
tissue structure at the esophagogastric anastomosis site.
The tissue is reconstituted with collagen and fibronectin
produced by fibroblasts in the granulation phase, after
which re-epithelialization occurs. Contraction occurs
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Table 2 Postoperative complications and anastomotic stricture

All patients Propensity-matched patients
Variable Non-tensioning ~ Conventional Pvalue  Non-tensioning  Conventional P value
n=2380 (%) n=315 (%) n=79 (%) n="19 (%)

Anastomotic Leakage 2(2.5) 22 (7) 0.134 2(2.5) 7(8.9) 0.167
Leakage site

Esophagogastric anastomosis 2(2.5) 9(2.9) 2(2.5) 4(5.1)

Blind end of gastric conduit 0 13 4.1) 0 3(3.8)
Postoperative pneumonia 11 (13.8) 43 (13.7) 0.982 11 (13.9) 11 (13.9) 1.000
Clavien-Dindo IIIb < 13 (16.2) 34 (10.8) 0.178 13 (16.5) 12 (15.2) 1.000
Hospitalization, median (IQR) 32 (25-45) 30 (23-49) 0.625 32 36
Anastomotic stricture 3(3.8) 92 (29.2) <.001 3(3.8) 23 (29.1) <.001
Time to require dilatation IQR) 115 (52-132) 55.5 (42-79) 0.106 52 (52-132) 66.5 (47.8-105) 0.701
Frequency of dilatation, median (range) 2 (1-3) 3(1-17) 0.246 2(1-2) 3124 0.208
Observation period, median (IQR) 14.9 (9.0-22.7)  52.2(28.3-69.6) <.001 14.8 (8.8-22.7)  41.2 (26.6-64.3) <.001
IQR interquartile range
Table 3 Logistic regression analysis for the risk factors for anastomotic stricture
Risk factor Anastomotic stricture rate % Univariate analysis Multivariable analysis

OR 95% CI P value OR 95% CI P value

Age

65 <vs.<65 24% vs. 24% 1.000 0.62-1.60 1.000
Gender

Male vs. female 24.8% vs.21.1% 1.234 0.67-2.27 0.497
BMI

25 <vs.<25 kg/m2 22.5% vs. 24.2% 0.908 0.42-1.98 0.801
Cardiovascular disease

With vs. without 33.3% vs. 23.3% 1.647 0.74-3.65 0.219
Location

Upper vs. middle/lower 25.8% vs. 23.7% 1.116 0.61-2.05 0.722
Clinical stage

MI/IV vs. V1T 24.7% vs. 23.2% 1.089 0.68-1.73 0.717
Preoperative CRT

With vs. without 22.2% vs. 24.2% 0.896 0.35-2.29 0.818
Lymphadenectomy

Three-FL vs. two-FL 27.9% vs. 19.4% 1.603 0.99-2.58 0.051 1.86 1.13-3.07 0.015
Anastomotic leakage

With vs. without 50% vs. 22.4% 3.470 1.50-8.01 0.004 3.45 1.43-8.34 0.006
Anastomotic method

Conventional vs. non-tensioning 29.2% vs. 3.8% 10.589 3.26-34.4 <.001 10.53 3.23-34.4 <.001

OR odds ratio, BMI body mass index, CRT chemo-radiation therapy, FL field lymphadenectomy

simultaneously with re-epithelization; during this pro-
cess, myofibroblasts that have been recruited to the area
around the wound site pull against each other to reduce
the anastomotic diameter!’. Therefore, eradication of anas-
tomotic leakage is the most important factor in avoiding
anastomotic stricture. We considered that an important
point in avoiding anastomotic leakage was to perform the
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anastomosis as proximally as possible along the greater
curvature using a long GC, aiming for a region of good
circulation'®'°. As a result, at the time of the conventional
method, the anastomotic leakage rate of the esophagogas-
tric anastomosis site had already been successfully sup-
pressed to 2.9%. Regardless of this low esophagogastric
anastomotic leakage rate, anastomotic stricture occurred
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at an incidence of 29.2%. Therefore, this procedure alone
was not enough to avoid anastomotic stricture.

The cause of anastomotic stricture formation is multifac-
torial, and the reported risk factors for stricture (other than
leakage) include older age, a high body mass index, upper
thoracic tumor location, and cardiovascular disease*>!320,
However, we suspected that the major cause of stricture was
our own surgical technique. Surgeons may have unknow-
ingly formed an anastomotic ring that is prone to stenosis
from the beginning of the procedure. Esophagogastric anas-
tomosis using a circular stapled device had been convention-
ally performed with pulling of the GC to avoid tissue slack
at the anastomosis site (Fig. 3a). As a result, the staples
were fired into the stretched stomach wall. We show models
mimicking the esophagogastric anastomosis using surgi-
cal gloves to verify the mechanism of stricture formation
in Fig. 4. The difference between the conventional method
and the non-tensioning method is the degree of extension on
the gastric tube side due to traction. The black line, which is
the anastomotic line in the non-tensioning method, moves
outward by traction in the conventional method (Fig. 4a, e).
After the staples are fired into the stretched stomach wall, the
stomach wall returns to its original thickness. Although the
anastomosis caliber is essentially the same in both methods
because of immobilization by the stapler (Fig. 4b, f), the sta-
ple arrangement in the conventional technique is denser than
that in the non-tensioning method because of the shrink-
ing mechanism (Fig. 4c, g). This dense staple arrangement
might decrease the blood flow in the stapled part, resulting
in ischemia and subsequent cicatricial contracture. Thus,
the anastomotic ring in the conventional technique not only
has the power to shrink the original anastomotic caliber but
is also prone to the development of cicatricial contracture.
In addition, reducing the pressure placed on the tissue by

Fig.4 The models mimicking
esophagogastric anastomosis
with surgical gloves. a, e The
black line is the anastomotic
line in the non-tensioning
method. It moved outward by
traction in the conventional
method. b, f The anastomosis
caliber size was essentially the
same in both methods because
of immobilization by the
stapler. ¢, g However, the staple
arrangement in the conventional
method was denser than that

in the non-tensioning method
because of the shrinking
mechanism. d, h The punched
stomach wall tissue shrank in
the conventional method

changing the B-form stapler height from 1.5 to 2.0 mm
might have helped to prevent tissue necrosis, although this is
only speculation. In fact, narrow ring-shaped necrosis of the
staple line was sometimes confirmed by endoscopic obser-
vation around 7 days after surgery using the conventional
technique (Supplemental Fig. 2a). However, ring-shaped
necrosis was rarely observed with use of the non-tensioning
method (Supplemental Fig. 2b). One proposed mechanism of
stricture formation states that circular stapled anastomosis,
which involves the application of serosal apposition stitches
outside the walls of the stomach and esophagus, corresponds
to secondary union and that the anastomosis ring develops
into a stenosis during the process of necrosis and repair®!*2,
However, the effect of secondary union is considered to be
minimized if ring-shaped necrosis does not occur.

The present study had several limitations. As a retrospec-
tive, single-center study, the results generated are depend-
ent on the reliability of the data. First, with respect to the
stomach wall thickness at the time of anastomosis in the con-
ventional group, it is difficult to know exactly how thin the
stomach wall became and in how many cases a dense staple
arrangement developed because of pulling on the stomach
when firing the stapler. Second, it was unclear how frequent
narrow ring-shaped necrosis occurred because we did not
examine all patients by endoscopy after the operation. A
prospective randomized study is required to determine the
incidence of necrosis. However, despite these limitations, the
present study is noteworthy in that the efficacy of the non-
tensioning method was verified with as little bias as possible
by enforcing strict eligibility for the GC reconstructive pro-
cedures and performing propensity score matching. Further-
more, considering the facts that most of the patients were re-
examined at our hospital without loss to follow-up and that
we rarely performed endoscopic dilatation treatment with
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a bougie after using the non-tensioning method, our study
results present a true picture of anastomotic stricture forma-
tion after GC reconstruction with McKeown esophagectomy
in our institute.

Conclusion

The present study demonstrated that the non-tensioning
method significantly reduced the anastomotic stricture
rate to 3.8% compared with the conventional method. It is
very important that the subsequent reconstruction can be
performed easily because surgical treatment of thoracic
esophageal cancer is a great burden for patients and requires
substantial effort by surgeons. In this sense, we believe that
the non-tensioning method should be recommended as a
simple-to-perform and versatile circular stapled anasto-
mosis method that is associated with fewer postoperative
complications.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11605-022-05266-4.
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