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In a clinical evaluation, thirty-one patients with thoracic esophageal cancer who were treated
from 1997 to 2000 were selected as subjects including those who underwent hand sewn anasto-
mosis method, circular stapler method and triangular anastomosis method. Incidence of anas-
tomosis failure was 27.3%, 25.0% and 8.3% for the hand sewn anastomosis method, circular
stapler method and triangular anastomosis method, respectively. Anastomosis stenosis was found
in 32.4%, 45.6% and 8.3% for the hand sewn anastomosis method, circular stapler method and
triangular anastomosis method, respectively.
In the basic examination, reduction rate of anastomosis caliber was 22.1±4.8%, 14.9±1.4% and
7.37±0.9%, for the hand sewn anastomosis method, circular stapler method and triangular anas-
tomosis method. Microscopic evaluation revealed serious problems with the circular stapler
method. The cause of anastomotic stenosis may include the fact that if anastomosis is performed
by a circular stapler method, all the layers of gastrointestinal tract are punched out at the anas-
tomosis portion, and mucosal conjugation is not observed and the muscular layer is exposed in
the inner lumen of the gastrointestinal tract. Taking that the ulcer is formed circularly at the
anastomotic portion into account, it is easily understood that this circular ulcer develops into
stenosis in the healing process. The advantage of triangular anastomosis for esophago-gastric
anastomosis is less suture failure, and is extremely advantageous for prevention of stenosis at the
anastomotic portion when compared with other anastomosis methods. However, with regard to
the healing process of eversion anastomosis in gastrointestinal tract instrumental anastomosis,
detailed examination is expected hereafter. (Ann Thorac Cardiovasc Surg 2005; 11: 80–6)
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Introduction

Instrumental anastomosis in the digestive surgery field
has been extensively used due to its safety and simplic-
ity. In esophageal cancer surgery, the instrumental anas-
tomosis method appeared and it is considered to be a good

indication for shortening of operation time and preven-
tion of anastomosis failure.1) Although, different from the
reconstruction after total gastrectomy or low anterior re-
section for rectal cancer, even if instrumental anastomo-
sis is performed for esophago-gastric anastomosis, the
incidence of suture failure is not dramatically reduced
and there remain some problems. In the case of instru-
mental anastomosis using a circular stapler method, if
end to side anastomosis where the esophago-gastric anas-
tomosis suturing instrument is inserted from the stump
of the gastric tube is performed, the vascular net inside of
the gastric wall is punched out by a staple, thus interrup-
tion in the circulation occurs at the tip of the gastric tube,
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causing suture failure.2) On the other hand, for perform-
ing end to end anastomosis, if the separated portion for
producing the gastric tube is incised and the suture in-
strument is inserted, the sternum or clavicle becomes the
obstacle, making it difficult to perform anastomosis. Fur-
thermore, the most important problem in the control of
patients after esophageal cancer surgery is swallowing
dysfunction. Even the patients who underwent radical
surgery of cancer and are expected to live long may die
due to aspiration pneumonia after surgery. Since we have
performed end to end anastomosis using automatic trian-
gular anastomosis method and had excellent surgical re-
sults, our surgical technique and clinical results are re-
ported. Usefulness of this triangular anastomosis method
and basic experimental examination based on microscopic
observation of the anastomosis in the removed bovine
small bowel and the canine small bowel are also reported.

Surgical Technique, Subjects and Methods

1. Surgical technique
First, pull up the greater curvature of the gastric tube and
anastomose the remaining esophagus and the gastric tube
at the cervical region. Reconstruction approach can be
the approach posterior to the sternum or posterior medi-
astinal approach. Then, apply 2-3 stitches of the support-
ing sutures to all the layers of the esophagus in the poste-
rior wall and the gastric tube. Elevate these supporting
sutures and perform anastomosis of the posterior wall
using a linear stapler (TA-30). Great care should be taken
to securely suture the mucosa and seromuscular layer,
and perform posterior wall anastomosis which is shorter
in length than the ordinary hand sewn suture. Elevate the
portion between the supporting sutures using Allis for-
ceps together with all the layers of esophagus in the pos-
terior wall and the gastric tube, hence the supporting force
is sustained and suture by a linear stapler can be facili-
tated (Fig. 1a). Staple using TA-30 and resect the remain-
ing mucosa and seromuscular layer. Then, apply the sup-
porting sutures to the left and right ends of the staple line
on the sutured posterior wall, and perform anterior wall
suture using a linear stapler so that it intersects with the
staple line of the posterior wall (Fig. 1b). It is the most
important point of this surgical technique that the staple
lines are securely intersected. Apply the supporting su-
tures to the center of anterior wall, and elevate both this
and the supporting sutures on the posterior wall staple,
then staple using TA-30 (Fig. 1c). Suture everting the fi-
nal side in the same manner (Fig. 1d). Finally, suture evert-

ing, making the anterior wall an isosceles triangle against
the anastomosis line of the posterior wall, firing the TA-
30 twice. As mentioned above, what is important is to
staple so that both staple lines intersect mutually, and fi-
nally confirm that 3 sides of the knocked staple line in-
tersect. In terms of results, 2/3 encircling eversion anas-
tomosis composed of inversion for the posterior wall and
eversion for the anterior wall should be performed.

2. Clinical examination
Thirty-one patients with thoracic esophageal cancer who
were treated from November 1997 to July 2000 were se-
lected as subjects including hand sewn anastomosis
method, circular stapler method and triangular anasto-
mosis method in 11, 8, and 12 patients, respectively. Anas-
tomosis time, incidence of anastomosis failure and inci-

a) b)

c) d)

Fig. 1. Cervical esophagogastro-anastomosis using a linear sta-
pler (TA-30).
a) Elevate the portion between two supporting sutures applied to
the mucosa and muscularis using Allis forceps and staple it.
b) Apply supporting sutures to the right and left ends on the
staple line of the sutured posterior wall, and perform anterior
wall suture so that it intersects with the staple line of the poste-
rior wall.
c) Suture everting the anterior wall to make an isosceles triangle.
d) Staple so that the both staple lines mutually intersect without
fail, and finally confirm that 3 sides of the staple lines mutually
intersect.
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dence of stenosis at the anastomotic portion were retro-
spectively compared. Hand sewn anastomosis method was
performed as layer to layer anastomosis using 4-0 silk
suture. Anastomosis by circular stapler method was per-
formed by EEA 25 (Tyco Healthcare Co., Ltd.), and the
stump of esophagus was treated with encircling suture
using 3-0 proline, and anastomosis was performed after
inserting the anvil.

a) Examination on anastomosis time
After the gastric tube was pulled up to the cervical por-
tion, the time required for cervical esophago-gastric anas-
tomosis was calculated based on the intraoperative nurs-
ing records.

b) Incidence of suture failure
Incidence of suture failure demonstrated in the postop-
erative course was retrospectively examined. Suture fail-
ure was examined including all failures from minor leak-
age to major leakage.

c) Incidence of stenosis at the anastomotic portion
Stenosis at the anastomotic portion is defined as stenosis
which is endoscopically examined due to postoperative
swallowing difficulty and is required to be endoscopi-
cally dilated by the balloon.

3. Basic examination
a) Examination on the removed bovine small bowel
For the removed bovine small bowel, the layer to layer
hand sewn anastomosis method, instrumental anastomo-

sis by EEA 25 and triangular anastomosis method by TA-
30 were performed. After completion of end to end anas-
tomosis, the air was infused and the shape of anastomo-
sis was observed. Taking into consideration the technical
skill of surgeons, examination was done by 4 surgeons
who had experience of more than 10 years in digestive
surgery, and anastomosis was performed 8 times in total.
The following items were examined.

Maximal pressure resistance: The bowel was resected
into a 5 cm piece in the longer diameter including the
anastomotic portion treated by each anastomosis method.
Both ends were ligated, and a tube for inner pressure
measurement was inserted in the bowel, which was con-
nected to an internal pressure meter and was drawn into
the water. The air was infused into the bowel, and the
pressure value where the anastomotic portion first rup-
tured was regarded as maximal pressure resistance at the
anastomotic portion and was compared (Fig. 2).

Stenosis rate at the anastomotic portion: Anastomosis
was circularly resected into a piece of about 5 mm length
including the suture line at the anastomotic portion, and
anastomosis caliber and anastomosis length were mea-
sured. Similarly, the healthy small intestine in the oral
side was circularly resected into a piece of 5 mm length
and the stenosis rate due to anastomosis against the cir-
cumference length of the healthy bowel was calculated
in percentage.

b) Microscopic observation of the canine bowel anastomosis
For the canine small bowel, hand sewn anastomosis
method, circular stapler method, and triangular anasto-

Fig. 2. Experiment method for maximal pres-
sure at the anastomotic part using removed
bovine small bowel.
The anastomosed bowel was drawn into wa-
ter, and the air was infused into it to examine
pressure resistance at the anastomosis part.
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mosis method were performed. The anastomotic portion
was removed 1 week after and stained with hematoxylin
and eosin, and anastomosis situation was microscopically
observed.

Results

1. Clinical examination
The mean time required for esophago-gastric anastomo-
sis was 54.0±18, 34.9±9 and 24.0±11 min for the hand
sewn method, circular stapler method and triangular anas-
tomosis method, respectively. Clearly anastomosis time
for the triangular anastomosis method was shorter than
that for the hand sewn anastomosis method (Fig. 3).

Incidence of anastomosis failure was 27.3%, 25.0%
and 8.3% for the hand sewn anastomosis method, circu-
lar stapler method and triangular anastomosis method,
respectively (Fig. 4). Anastomosis which postoperatively
developed swallowing dysfunction was endoscopically
examined and in those of which it was judged necessary
to perform balloon dilatation were defined as having
stenosis at the anastomotic portion, which was found in
32.4%, 45.6% and 8.3% for the hand sewn anastomosis
method, circular stapler method and triangular anasto-
mosis method, respectively (Fig. 5).

2. Basic examination
a) Anastomosis of the removed bovine small bowel
Even when triangular anastomosis was performed using
a linear stapler, the shape of anastomosis was almost cir-
cular (Fig. 6), and maximal pressure at the anastomotic
portion was about 110 mmHg by any anastomosis method,
showing no significant difference (Fig. 7).

The reduction rate of anastomosis caliber was

22.1±4.8%, 14.9±1.4% and 7.37±0.9%, the least steno-
sis for the hand sewn anastomosis method, circular sta-
pler method and triangular anastomosis method (Fig. 8).

b) Microscopic observation of the anastomotic portion
of the canine small bowel
Continuity of mucosa at the anastomotic portion was sus-
tained 1 week after surgery by the hand sewn anastomosis
method or triangular anastomosis method, whereas by the
circular stapler method, all the layers of the anastomosed
bowel were severed at the same time when stapled, thus
union of the muscularis was exposed in the bowel and was
found that the mucosa had not been sutured (Fig. 9).

Discussion

Since the automatic esophagogastro suturing instrument
has been advanced and improved, it has extensively ap-
plied to the esophageal surgery field, aiming for shorten-

Fig. 3. Time required for esophago-gastric anastomosis
Anastomosis time for triangular anastomosis method was sig-
nificantly shorter than that of the hand sewn anastomosis
method.

Fig. 4. Incidence of anastomosis failure
Incidence of anastomosis failure was 27.3%, 25.0% and 8.3%
for the hand sewn anastomosis method, circular stapler method
and for the triangular anastomosis method, respectively.

Fig. 5. Incidence of stenosis in anastomosis site
Stenosis at the anastomotic site was 32.4%, 45.6% and 8.3% (1
patient) for the hand sewn anastomosis method, circular sta-
pler method and for circular stapler method, respectively.
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ing of the operation time and validity of anastomosis.3)

However, in order to make the best use of instrumental
anastomosis, it is necessary to understand sufficiently its
advantage and defects. Even in instrumental anastomo-
sis, it is necessary that (1) sufficient blood flow is main-
tained in the anastomotic portion, (2) it is not affected by
infection, and (3) excessive strain is not applied.4)

We applied triangular anastomosis method which has
been applied to the abdominal digestive system anasto-
mosis to the reconstruction in esophageal cancer surgery.
There are 2 types for triangular anastomosis method; 2/3
eversion method where the other 2 sides are anastomosed
everting after inversion anastomosis of the posterior wall,
and total eversion method where 3 sides are anastomosed
everting from the serous membranous side by rotating

the anastomotic portion of the bowel. If triangular anas-
tomosis method is performed in the narrow surgical field
such as cervical esophago-gastric anastomosis, 2/3 ever-
sion method which proceeds posterior wall anastomosis
is to be performed. It is believed that the site where the
union of the gastrointestinal tract tends to occur most eas-
ily is the serous membrane. It was reported that the sub-
mucosa has the most excellent blood flow and the union
of this part is important.5,6) Thus, layer to layer anasto-
mosis where the mucosal layer and the lamina muscu-
laris of the serous membrane are met was performed.

However, instrumental anastomosis for the gastrointes-
tinal tract has been extensively used, so there is clinical
experience that even mucosa eversion suture can provide
good anastomosis results. Succesful factors include that

Fig. 6. The shape of anastomosis of the re-
moved bovine bowel by triangular method.
Even if triangular anastomosis is per-
formed, the shape of the anastomosis is al-
most circular.

Fig. 7.  Maximal pressure resistance of the removed bovine small
bowel at the anastomotic part.
Maximal pressure at the anastomotic part was about 110 mmHg
by any anastomosis method, showing no significant difference
between them.

Fig. 8. Examination of stenosis rate at the anastomotic site of the
removed bovine small bowel.
Reduction rate of anastomosis caliber was 22.1±4.8%, 14.9±1.4%
and 7.37±0.9%, the worst was the hand sewn method, followed
by the circular stapler method and the triangular anastomosis
method.
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titanium was used as the material for the staple, reducing
tissue reaction or sustaining good blood flow at the anas-
tomosis portion. Because of this, hyperplasy of the fibro-
blasts and reproduction of collagen are excellent. These
are very advantageous against secondary phase healing
process in gastrointestinal tract anastomosis. In principle,
anastomosis procedure for esophageal cancer surgery is
performed in the last stage of surgery in most cases. Thus,
when the anastomosis procedure is started, it is neces-
sary for all the members of surgical team to perform layer
to layer anastomosis, having the same tension as that at
the start of surgery in order to prevent the occurrence of
anastomosis failure in advance. Discussion on suture fail-
ure and stenosis at anastomosis portion is described below.

1. Suture failure
Incidence of suture failure varies depending on the re-
constructed organs or reconstruction approach, and is re-
ported to be 16% as a whole.7) The greatest cause includes
blood flow disorder at the tip of the gastric tube. There is
a report that the blood flow at the tip of the gastric tube is
measured using a Doppler blood flow meter, and the anas-
tomotic site of the gastric tube is determined, significantly
reducing the incidence of suture failure to 8.7%.8)

However, recent incidence of suture failure of instru-
mental anastomosis without using a Doppler blood flow
meter is about 20%. This may not be an improvement
when compared with the results of 21.9% which is the

incidence of suture failure of conventional hand sewn
suture. In terms of incidence of suture failure, further
switchover of approach may be requested.

It is reported that the anastomosis method using the
circular stapler method is frequently performed as end to
side anastomosis where the tip of the gastric tube is in-
cised and the esophago-gastric anastomosis suturing in-
strument is inserted, thus the vascular net of the wall of

Fig. 10.  Stenosis at the anastomosis by a circular stapler.
At the anastomosis, all the layers of the gastrointestinal tract are
punched out and muscularis are exposed to the lumen of the
gastrointestinal tract, resulting in the condition where an ulcer is
circularly formed. This may develop stenosis in the healing process.

Triangular
anastomosis

method

Hand sewn
anastomosis

(layer to layer anastomosis)
method

Cirular stapler
method

Fig. 9. Microscopic observation after anastomosis of the canine small bowel.
Continuity of the mucosa was kept by hand sewn anastomosis or triangular anastomosis. On the other hand, by the
the circular stapler method, all the layers of the anastomosed bowel are severed at the same time when stapled, thus
union of the muscularis is exposed in the bowel and it is found that the mucosa is not sutured.
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the gastric tube is blocked by the stapler itself, causing
poor blood flow in the coecum, which develops suture
failure.9) There is a report that suture failure was reduced
by elongating the distance between the esophago-gastric
anastomosis line and the gastric tube coecum closure and
taking a distance of about 3 to 4 cm in order to reduce
suture failure at the coecum of the gastric tube.9) In end to
end anastomosis of the esophageal gastric tube by trian-
gular anastomosis method, the vascular net of the gastric
wall is not injured and blood flow at the anastomosis por-
tion is excellent. Furthermore, considering the passage
of food during swallowing, end to end anastomosis is ideal,
thus, in terms of this, we would like to recommend esophago-
gastric anastomosis by triangular anastomosis method.

2. Stenosis at the anastomosis portion
Conventionally, it is reported that by the circular stapler
method, stenosis at the anastomotic portion occurs in
20%,7) thus there remains very important problem for in-
strumental anastomosis. The cause may include that if
anastomosis is performed by a circular stapler, all the lay-
ers of gastrointestinal tract are punched out at the anasto-
motic portion, so as we have shown, mucosal conjuga-
tion is not observed and the muscular layer is exposed in
the inner lumen of the gastrointestinal tract, producing a
situation where an ulcer is circularly formed at the anas-
tomotic portion (Fig. 10). It is easily understood that this
develops into stenosis in the healing process. It is reported
that low blood flow in the anastomotic portion may cause
not only anastomosis failure but also stenosis at the anas-
tomotic portion, which may be one of the greatest de-
fects of instrumental anastomosis.10,11)

The severest complication in stenosis at the anasto-
motic portion is aspiration due to postoperative swallow-
ing dysfunction. When it occurs, it may even be life  threat-
ening life in some cases. Even if recurrent nerve paraly-
sis does not occur, stenosis of esophago-gastric anasto-
mosis may develop life threatening aspiration. In terms
of prevention of such complications, automatic triangu-
lar anastomosis method with less stenosis may be useful.
The factors of triangular anastomosis method lessening
stenosis may include that 2 sides of the anterior wall are
eversion anastomosis. And this method can be applied to
gastroduodenal anastomosis after gastrectomy, colono-
colonal anastomosis or intestino-intestinal anastomosis.
In particular, there is a report that in colono-colonal anas-
tomosis or intestino-intestinal anastomosis, there are no
problems if eversion anastomosis is performed, encircling
all through in order to enlarge the anastomosis caliber.12)

3. Expenses of esophago-gastric anastomosis suturing
instrument
Instrumental anastomosis by a circular stapler is costly
and needs to be taken into consideration. Costs of trian-
gular anastomosis method using a linear staple three times
is equivalent to that of for single use of a circular stapler.
This bears relevance regarding claiming health insurance.
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