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Abstract

Introduction: Despite the availability of various anastomosis techniques, postop-
erative anastomotic complications such as anastomosis failure and bleeding
develop in some patients. Automatic suturing devices have been widely used
for gastrointestinal anastomosis. However, overly thick or thin tissue, displace-
ment of tissue, and the creation of a staple-on-staple site may lead to incomplete
staple formation. These factors are considered to be related to postoperative
complications such as anastomosis failure.
Methods: The iDrive™ Ultra Powered Stapling System was used to fire the
automatic suturing device. Two types of automatic suturing devices were
employed: (i) the Endo GIA™ Reinforced Reload with Tri-Staple™ Technology
with a cartridge with the reinforcement material Neoveil™; and (ii) the Endo
GIA™ with Tri-Staple™ Technology with no reinforcement material. Stapling
was performed using a two-stage crossing approach to make a staple-on-staple
site.
Results: The rates of complete formation with the Endo GIA™ with Tri-Staple™

Technology were 95.6 ± 0.6% for stomach tissue and 95.6 ± 2.3% for colon
tissue, which is thinner than stomach tissue. In contrast, the rates of complete
formation with the Endo GIA™ Reinforced Reload with Tri-Staple™ Technology
were 99.3 ± 1.27% for stomach tissue and 100.0 ± 0.0% for colon tissue.
Conclusion: Our results showed that the Endo GIA™ Reinforced Reload with
Tri-Staple™ Technology had higher rates of complete staple formation than the
Endo GIA™ with Tri-Staple™ Technology, irrespective of tissue thickness and
the presence of a staple-on-staple site.

Introduction

The use of an automatic suturing device was first reported
in 1908. Since then, various automatic suturing devices
have been developed and validated to minimize postopera-
tive complications (1–6). Despite the availability of various
anastomosis techniques, postoperative anastomotic compli-
cations, such as anastomosis failure and bleeding, develop
in some patients (7–14).

In recent years, automatic suturing devices have been
widely used for gastrointestinal anastomosis. The repair
process aftermechanical anastomosis is classified as second-
ary healing, during which the tissue is vulnerable to
increased internal pressure of the intestine in the early
stages after surgery because of the loss of mucosa. It is
known that overly thick or thin tissue and displacement of

tissue during stapling may result in incomplete staple
formation. In addition, a staple-on-staple site occurs in the
process of anastomosis. These factors are considered to be
related to postoperative complications such as anastomosis
failure.

The Endo GIA™ Reinforced Reload with Tri-Staple™

Technology (Medtronic, Minneapolis, USA) is an automatic
suturing device with bioabsorbable polyglycolic acid (PGA)
felt. This device has a tri-staple cartridge (the three staples
are of different heights) in which an absorbable PGA
sheet-like reinforcement material (Neoveil™; Gunze,
Kyoto, Japan) is attached. The device helps to reinforce
the staple line in vulnerable tissue, thus preventing tissue
tear and anastomosis failure due to increased intratissue
pressure, and to improve hemostasis.
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This study examined the usefulness of the Endo GIA™

Reinforced Reload with Tri-Staple™ Technology in reduc-
ing incomplete staple formation resulting from overly thick
or thin tissue, unsuccessful firing, or a staple-on-staple site.

Materials and Methods

Tissue

Frozen colon and stomach tissues from various breeds of
pigs (Duroc, Large Yorkshire, Yorkshire, and Landrace)
were prepared. The tissues were used for the experiment
within 1 h after thawing.

Stapling devices

The iDrive™ Ultra Powered Stapling System (Medtronic)
was used to minimize variability when firing the automatic
suturing device. Two types of automatic suturing devices—
with and without a PGA sheet-like suture reinforcement
material—were employed: (i) the Endo GIA™ Reinforced
Reload with Tri-Staple™ Technology with a cartridge with
the reinforcement material Neoveil™; and (ii) the Endo
GIA™ with Tri-Staple™ Technology (Medtronic) with a
purple cartridge with no reinforcement material. In both
devices, the staples were 3.0, 3.5, and 4.0 mm in height.
Stapling was performed using a two-stage crossing

approach to make a staple-on-staple site. The second
stapling was performed with nowaiting time (Figures 1, 2).

Evaluation of staple formation

After the device was fired, the staples were extracted after
the stapled tissues were soaked and dissolved with PI
punish™ (Johnson co., Ltd, Yokohama, Japan), a mixed
solution of hypochlorous acid and sodium hydroxide. The
staple formation was classified as “complete formation”
when all angles were acute and “incomplete formation”
when at least one angle was obtuse. The staple formation
was assessed on the basis of the ratio of complete staple
formation to the total staples collected (Figure 3).

Statistical analysis

Stapling was performed three times for each tissue type
with each device. The results are expressed as means ± SD.
Statistical analysis was performed with JMP Pro 11.0 (SAS
Institute, Cary, USA).

Results

The rates of complete formation with the Endo GIA™ with
Tri-Staple™ Technology were 95.6 ± 0.6% for stomach tis-
sue and 95.6 ± 2.3% for colon tissue, which is thinner than
stomach tissue. In contrast, the rates of complete formation
with the Endo GIA™ Reinforced Reload with Tri-Staple™

Technology were 99.3 ± 1.27% for stomach tissue and
100.0 ± 0.0% for colon tissue (Figure 4, Table 1). Therefore,
the rates of complete staple formation were significantly
higher with the Endo GIA™ Reinforced Reload with
Tri-Staple™ Technology than with the Endo GIA™ with
Tri-Staple™ Technology for both types of tissues with differ-
ent thicknesses.

Discussion

Anastomosis failure and bleeding are serious complications
in gastrointestinal anastomosis and can be life-threatening.
Various automatic suturing devices have been developed
and validated to minimize the risks (1–15). In mechanical
anastomosis with an automatic suturing device, overly
thick or thin tissue, displacement of the tissue at stapling,
and a staple-on-staple site occurring in the process of anas-
tomosis may lead to incomplete staple formation. There-
fore, attempts have been made to prevent complications
such as anastomosis failure by employing a waiting time
for the precompression and by slowing the firing (16–18).

In recent years, several studies have reported the effec-
tiveness of staple line-reinforcing material for the preven-
tion of anastomosis complications (19–23). The Endo
GIA™ Reinforced Reload with Tri-Staple™ Technology is
an automatic suturing device with a tri-staple cartridge in
which a sheet-like reinforcement material, Neoveil™, is at-
tached. Neoveil™ is a thin reinforcement material

Figure 1 Firing experiment with pig stomach tissue. Stapling was performed using a two-stage crossing approach to make a staple-on-staple site. (a) The

Endo GIA™ with Tri-Staple™ Technology. (b) The Endo GIA™ Reinforced Reload with Tri-Staple™ Technology.
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(thickness, 15 mm) that is completely absorbed within
15 weeks. Its tensile strength is approximately 90% at
1week, approximately 30% at 2weeks, and approximately
4% at 3 weeks. The Endo GIA™ Reinforced Reload with
Tri-Staple™ Technology is preattached with a sheet-like
reinforcement material. The device is expected to prevent
incomplete staple formation resulting from overly thick or
thin tissue, displacement of the tissue during stapling, and
a staple-on-staple site.

In the present study, the proportions of complete staple
formation were compared between the Endo GIA™

Reinforced Reload with Tri-Staple™ Technology and the
Endo GIA™ with Tri-Staple™ Technology without PGA felt.

Figure 2 Firing experiment with pig colon tissue. (a) The Endo GIA™ with Tri-Staple™ Technology. (b) The Endo GIA™ Reinforced Reload with Tri-Staple™

Technology.

Figure 3 The staple formation was classified as complete formation when all angles were acute and as incomplete formation when at least one angle was

obtuse. (a) Complete formation. (b,c) Incomplete formation.

Figure 4 The rate of complete staple formation was significantly higher in

the Endo GIA™ Reinforced Reload with Tri-Staple™ Technology group.

*P < 0.05.

Table 1 Staple formation rates

First

try

Second

try

Third

try

Mean ± SD P-value

Stomach (%) 0.0463

GIA 96.2 95.0 95.7 95.6 ± 0.6 —

GIA

Reinforced

97.8 100.0 100.0 99.3 ± 1.27 —

Colon (%) 0.0369

GIA 95.7 93.2 97.8 95.6 ± 2.3 —

GIA

Reinforced

100.0 100.0 100.0 100.0 ± 0.0 —

GIA, Endo GIA™with Tri-Staple™ Technology; GIA Reinforced, Endo GIA™ Rein-

forced Reload with Tri-Staple™ Technology.
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The aimwas to examine the reinforcementmaterial’s effec-
tiveness in preventing incomplete staple formation
resulting from overly thick or thin tissue, displacement of
the tissue at stapling, and a staple-on-staple site.
The results showed that the rates of complete staple

formation in the tissue with a staple-on-staple site were
significantly higher in the Endo GIA™ Reinforced Reload
with Tri-Staple™ Technology group than in the Endo
GIA™ with Tri-Staple™ Technology group for both types
of tissues (stomach and colon) with different thicknesses.
The results showed high complete staple formation rates
in the Reinforced Reload group, although a waiting time
for precompression was not employed. Themay be because
the sheet-like Neoveil™ compressed the tissue in the staple
line evenly and prevented the displacement of the tissue at
the staple-on-staple site.
In addition, the rates of complete staple formation in the

Endo GIA™ with Tri-Staple™ Technology group were
slightly higher than those reported in previous studies.
The studies conducted by Hasegawa et al. and Nakayama
et al. used a manual-type Endo GIA™ endoscopic linear
stapler (Medtronic) (16,17). In contrast, we used the
electric-powered iDrive™ Ultra Powered Stapling System;
the stability of its firing mechanism may explain the higher
complete staple formation rate.
In conclusion, our results showed that the Endo GIA™

Reinforced Reload with Tri-Staple™ Technology had higher
rates of complete staple formation than the Endo GIA™

with Tri-Staple™ Technology, irrespective of tissue thick-
ness and the presence of a staple-on-staple site. Proper use
of this device can likely contribute to reducing complica-
tions and improving the health of patients after gastrointes-
tinal anastomosis, such as functional end-to-end
anastomosis and delta-shaped anastomosis.
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