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Abstract

Keywords:

Background: Few studies have investigated the burst pressure of side-to-side anastomoses com-
paring different stapling devices that are commercially available.

Objectives: We conducted side-to-side anastomoses with a variety of staplers and compared burst
pressure in the crotch of the anastomoses.

Setting: Nagoya City East Medical Center.

Methods: We conducted side-to-side anastomoses with 9 staplers with different shapes and forms.
Fresh pig small intestines were used. A side-to-side anastomosis was performed between 2 intestine
specimens using a linear stapler. The burst pressure of the anastomosis was recorded.

Results: In total, 45 staplers were used for this experiment. The site of leakage in all cases was the
crotch. Regarding the influence of the number of staple rows, the burst pressure in 3-row staplers
was significantly higher than in 2-row staplers. With regard to the relationship between staple height
and burst pressure, staples with a height slightly shorter than the intestinal thickness showed the
highest burst pressure. In a comparison of staplers with uniform staple heights and stamplers with
staples of 3 different heights, the latter had significantly lower burst pressures. Neoveil significantly
increased the burst pressure in the crotch and contributed to the highest burst pressure of all the
staplers used in this experiment.

Conclusions: In this experiment, we defined the important factors that influence burst pressure at
the crotch of a stapled, side-to-side anastomosis. These factors include the number of staple rows,
the height of the staple compared with the thickness of the tissue, uniformity of staple height, and
reinforcement of the staple line. In any surgical case requiring intestinal anastomosis, selection of a
stapler is a critical step. (Surg Obes Relat Dis 2017;8:00-00.) © 2017 American Society for Met-
abolic and Bariatric Surgery. All rights reserved.

Side-to-side anastomosis; Crotch; Pressure resistance; Stapler

As part of the recent, rapid technologic development in
surgery, various automatic suture instruments have been
produced to create safe, secure anastomoses. The growth of
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laparoscopic surgery has further accelerated the frequency
of the use of such staplers. Staplers themselves have been
improved drastically in terms of form and function [1]. In
gastrointestinal surgery, linear staplers are thinner, have
increased suture strength, and can be used for anastomoses
between various gastrointestinal tissues. Circular stapler use
has decreased, and it has been largely supplanted by the
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side-to-side anastomosis using the linear stapler [2]. The
disadvantage of the side-to-side anastomosis is the forma-
tion of a crotch, which is an inherent point of weakness
compared with the longitudinal portion of the anastomosis
[3]. Depending on the location of the sutured intestinal tract,
the crotch may be sutured and reinforced manually; how-
ever, this cannot be done in all situations. In cases where
reinforcement is impossible, a stapler should be selected to
confer higher burst pressure to the crotch. Hence, we
conducted side-to-side anastomoses with various staplers
available on the market and compared the burst pressure of
the crotch.

Methods

In this experiment, we analyzed the burst pressures of
anastomoses using 9 different staplers. Fresh small intestine
of a pig weighing 100 to 120 kg were used. The specimens
were obtained from an animal that had been killed for use in
approved nongastrointestinal research studies. The speci-
mens were used within 24 hours after death. Each segment
of intestinal tract was 20 cm in length.

A side-to-side anastomosis was performed between 2
intestine specimens using a linear stapler. The stapler was
inserted from the edge of each segment of intestinal tract. A
16-Fr catheter was then place into the lumen through one
intestinal wall. Each side of the anastomosis was clamped
with forceps. A sphygmomanometer and tubing for insuf-
flation was connected, and the anastomosis was submerged
in water. Air was then blown into the intestinal lumen with
a syringe.

The burst pressure of the anastomosis was measured
upon first presence of bubbles in the water. All procedures

Stapling devices

A total of 6 different staplers were used. In addition,
Echelon Stapler Reloads White reinforced with Neoveil
(GUNZE) was used. To verify the effectiveness for the
pressure resistance by converging the suture line in a natural
way toward the center of the crotch, 2 staples (top/outer) of
Echelon Stapler Reloads White were removed (named —R).
As a result, 9 different total shapes and forms were
compared (Table 1). Five staplings were performed per
stapler. The staplers used were: Linear Cutter White
(Ethicon, Tokyo, Japan); Endo GIA Reload with Tri-Staple
cartridges (EGIA-AVM; Medtronic, Tokyo, Japan); and
Echelon Stapler Reloads Gray/White/Blue/Gold (ECHE-M/
W/B/D; Ethicon).

This study was an independent study with no industry
funding.

Statistical analysis

Discrete variables were analyzed by the Mann-Whitney
U test and significance was indicated at P < .05.

Results

The thickness of pig small intestine was 1.24 + .15 mm.
In total, 45 staplings were performed, and leakage occurred
at the crotch in all cases. The mean burst pressure for each
stapler is shown in Table 2 and Figs. 1 and 2.

Mean burst pressures in 2- versus 3-row staplers with the
same staple height were 36 + 3.8 versus 59.3 + 2.4 mm Hg.
This was statistically significant (P < .01). When compar-
ing the influence of removal of the top staple, burst pressure
was higher with a normal stapler (EGIA-AVM versus
EGIA-AVM-R, ECHE-W versus EC HE-W-R). The

were performed by the same surgeon. EGIA-AVM stapler confirmed a significant difference.
Table 1
Specifications of staples
Open staple Closed staple Rows of staples Number of Array of staples at
height, mm height, mm staples at the tip the tip of the cartridge
I I
................
I I n
EGIA-AVM 2/2.5/3 0.75/1/1.25 3 4
ECHE-M 2 0.75 3 4 &tip
ECHE-W 2.5 1 3 4 e
ECHE-B 35 1.5 3 4 B eamamnnanannns
ECHE-D 3.8 1.8 3 4 e
I I _—
ECHE-W+Neo 2.5 1 3 4
EGIA-AVM-R 2/2.5/3 0.75/1/1.25 3 2 &ip —
ECRW-R 2.5 1 3 2 B mamanaannnns
I I _—

TLC-W = Linear Cutter White; EGIA-AVM = Endo GIA AVM; ECHE-M/W/B/D = Echelon Stapler Reloads Gray/White/Blue/Gold; Neo = Neoveil;

R = staples (top/outer) were removed.
The dotted line represents the cut line.
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Table 2
Burst pressure for each stapler
Burst pressure, Standard Range
mm Hg deviation
TLC-W 36 3.8 31.5-42
EGIA-AVM 16.1 4.6 11.3-21.8
ECHE-M 254 2.7 21-28.5
ECHE-W 59.3 2.4 56.3-63
ECHE-B 473 4.1 42-53.3
ECHE-D 32 1.1 14.3-43.5
ECHE-W+Neo 102.2 13.9 88.5-125.3
EGIA-AVM-R 59 39 1.5-12
ECRW-R 48.8 9.9 33.8-59.3

TLC-W = Linear Cutter White; EGIA-AVM = Endo GIA AVM;
ECHE-M/W/B/D = Echelon Stapler Reloads Gray/White/Blue/Gold;
Neo = Neoveil; R = staples (top/outer) were removed.

With regard to the influence of staple height on burst
pressure, the ECHE-W stapler showed the highest burst
pressure. With both longer and shorter staples in ECHE-W,
the burst pressure was significantly lower.

Comparing staplers with the same staple built into the
cartridge (ECHE-M/ECHE-W/ECHE-B) and the stapler
with 3 different heights (EGIA-AVM), the latter had
significantly lower burst pressures (25.4 + 2.7/59.3 + 2.4/
473 + 4.1 versus 16.1 + 4.6 mm Hg).

Neoveil significantly increased the burst pressure at the
crotch (59.3 + 2.4 versus 102.2 + 13.9). Staplers reinforced
with Neoveil had the highest overall burst pressure of all the
staplers used in this experiment.

Discussion

Automatic suture instruments can dramatically reduce
operative time and postoperative complications, including
rate of anastomotic leak and bleeding [4]. Staple-line failure
as a consequence of excessive intraluminal pressure is

mmHg
120

100

uncommon but not rare. In gastrointestinal surgery, recon-
struction after intestinal resection is essential, and techni-
cally sound anastomoses affect postoperative outcomes.
Regarding reconstruction, particularly in endoscopic sur-
gery, the side-to-side anastomosis is increasingly preferred.
Hand-sewn anastomoses and anastomoses with a circular
stapler are still performed, but much less commonly [5].
The downside of the side-to-side anastomosis is the
“crotch” that is formed, an area of the staple line with
inherent weakness and susceptibility to leaking. Because the
vulnerability of the crotch is well recognized among
surgeons, sutures are routinely applied to the crotch to
reduce tension on the longitudinal staple lines. However, in
the delta anastomosis after gastrectomy, for example,
reinforcement of the crotch is difficult and not routinely
done. In such cases, formation of a crotch with a higher
burst pressure is thus desirable. We have examined the
vulnerability of the crotch using porcine small intestine and
reported it previously. Moreover, we showed that Neoveil is
effective for reinforcement of the crotch [6].

High intraluminal pressures are the result of a variety of
conditions, including obstruction, trauma, vomiting, or
coughing. However, what exactly constitutes an acceptable
burst pressure to prevent such an event in the acute setting
remains unknown.

Previously, we conducted experiments to verify the weak
points of side-to-side anastomoses using 3 different types of
staplers in pig esophagus and small intestine. One stapler
(GIA3.8) is a 2-row device, and 2 staplers (GIA3.5, EGIA-
AMT) are 3-row devices. The difference between the
GIA3.5 and the EGIA-AMT are the height and arrangement
of the staples. Our results showed that both the sides and the
crotch were weak to the same degree in the 2-row stapler.
Furthermore, the burst pressure at the crotch was the highest
with the GIA3.5 stapler, the reason for which is not known
[7,8]. It was not possible to identify the cause of the
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Fig. 1. Burst pressure in each stapler.

232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286



287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341

4 M. Kimura et al. / Surgery for Obesity and Related Diseases 1 (2017) 00—00

2-row vs 3-row

mmHg mmHg

80

Remodel

60

40

*

20 I I
0 - — e

ECHE-W EGIA-AVM EGIA-AVM-R

Same vs different staple height

mmHg
80

kk

* k¥

60

40

20

|
_

Z

ECHE-M EGIA-AVM ECHE-W
0.75mm 0.75/1/1.25mm 1mm

ECHE-B
1.5mm

Staple height
mmHg
Xk
ns 80 ¥E
k%
60
_ 40
20
— RA 0 -
ECHE-W  ECHE-W-R ECHE-M ECHE-W ECHE-B ECHE-D
0.75mm Imm 1.5mm 1.8mm
Neoveil+/-
H
mmHg .

120

100

80

60

40

20

ECHE-W ECHE-W + Neoveil

* 1 p<0.05 **:p<0.01

Fig. 2. Comparison of pressure resistance.

significant difference in burst pressure between the 2
staplers. It is possible that the difference can be attributed
to the array of staples at the tip of the cartridge or the
different staple heights in 1 cartridge. Therefore, we
compared the burst pressure at the crotch using commer-
cially available staplers and changed different variables to
identify which factors most importantly affected burst
pressure. We elected to use pig small intestine due to the
uniformity of tissue thickness in this organ compared with
the stomach or large intestine.

As stapling devices evolved from 2-row to 3-row staplers,
the lateral strength of the anastomosis purportedly increased,
but there are few experiments in which this is verified [9].
Sozutek et al. [10] compared the strength of anastomoses in
clinical studies and showed that anastomotic bleeding, dehis-
cence, and anastomotic leakage occurred less frequently with
3-row staplers. Mean length of hospital stay was also shorter
in the 3-row groups [10]. This study led to the conclusion that
the 3-row linear stapler is safe and can be easily applied to
create anastomoses in gastrointestinal surgery. However, it
was difficult to make comparisons in that study because the
anastomosed organs were different, including the stomach,
small intestine, and large intestine. Furthermore, the height of
the staple used was not uniform. Our experiment clearly
demonstrated the superiority of the 3-row stapler.

Next, we verified whether the difference in the number of
staples located at the most distal end affects the burst
pressure of the crotch. Currently, many staplers used for

endoscopic surgery have 4 staples at the tip. In our
experiment, almost all leaks occurred near the outermost
staples. The reason for this is that these staples are
considered to damage the intestinal wall as the intraluminal
pressure rises. By injecting air into the intestinal tract, as the
intestinal tract expands (Figs. 3A, 3B), the staple on the
outermost side begins to be exposed (Fig. 3C). Ultimately,
the entire staple can be seen through the intestinal wall. The
ideal crotch in a side side-to-side anastomosis, therefore, is
a shape wherein the suture line converges in a natural way
toward the center of the crotch. To that end, we removed the
2 outermost staples at the tip and modified the array of
staples (Fig. 3D). However, this remodeling resulted in
lower burst pressures. One of the reasons for this is that the
number of staples on the distal side of that separated by the
knife is reduced compared with normal staplers. We think
that it is possible to increase burst pressure with this
remodeled stapler if the length of cut tissue is reduced.
However, in the current stapler, the push bar handle of the
device is slid forward to fire the staples and the blade. The
knife blade cuts an incision that is 4-mm short of the last
staple at the distal end. Because the distance between
stapling and the final cut are mechanically linked, it is
impossible to shorten only the cut length without affecting
the staple length.

With regard to the burst pressure as it is affected by
staple height, Mery et al. [11] reported on an experiment
using porcine small intestine. The experiment was designed
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Fig. 3. Burst pressure test. (A) Crotch of the side-to-side anastomosis before insufflation. (B) Insufflated intestine. (C) Just before the leak from the crotch with
Echelon Stapler Reloads-White. The arrow is the outermost staple exposed through the intestinal wall. (D) Just before leak from the crotch with Echelon

Stapler Reloads-White/Red. The staple at the tip is not seen.

to assess the effect on burst pressure of different staple
heights (2.5, 3.5, and 4.1 mm). The burst pressure signifi-
cantly correlated with the type of staple load. Overall, green
staple loads (4.1 mm) had the lowest burst pressure
compared with the other staple loads. This experiment,
however, verified only the burst pressures on the side
(longitudinal direction) of the stapler. In our experiments,
we compared the burst pressure of the crotch of the small
intestine with an average thickness of 1.2 mm. Comparison
of staplers with 4 different staple heights showed a
significant negative correlation between staple height (1/
1.5/1.8 mm) and burst pressure. However, in staplers with
the smallest staple heights (0.75 mm), burst pressure
decreased dramatically and significantly. This result dem-
onstrated that the height of the staple is an important factor
with respect to the burst pressure of the crotch.

Currently, Ethicon and Medtronic capture most of the
market share for staplers [12,13]. Each company is making
improvements to develop a stapler with fewer complica-
tions. In this study, ECR-W and EGIA-AVM are produced
with almost the same staple size and array.

The most interesting comparison in this study was that
between stapling devices with uniform staple height and
those with differing heights within the same staple load. The
Tri-Staple reload is a recently developed technology charac-
terized by its incorporation of a stepped cartridge face and 3
different staple heights. Tri-Staple technology reloads are
designed to work in harmony with the natural properties of

tissue and to optimize performance before, during, and after
stapling. In addition, incorporating 3 different staple heights
may allow greater perfusion into the staple line, and may be
more suitable for variable thickness within the same tissue.
The company does not, however, comment on the strength of
the suture line. There is only 1 report on the strength of Tri-
staple, which evaluated tissues ex vivo, showing the supe-
riority of Tri-staple in regards to staple line strength [8]. As
with many previous studies, however, this study compared
the burst pressure in the longitudinal direction of the stapler.
On the other hand, our results showed that the burst pressure
of the crotch was significantly lower in the stapler with 3
different staple heights, and lower than staplers with single-
height (2 mm) rows, the lowest being EGIA-AVM. Fur-
thermore, the burst pressure was lower than that of the stapler
with larger height (3.5 mm) than even the biggest EGIA-
AVM staples. We speculated that this is might be because in
single-height staplers, staples intimately adhere to the intes-
tine as a neutralization plate. In the variable-height staplers,
the staple is higher toward the outside, thus making it
impossible to closely adhere to the intestine over a broad
area. We believe that this difference led to the difference in
burst pressure. To that end, Tri-Staple technology reloads
may not be suitable for side-to-side anastomoses in which a
crotch is formed.

Finally, we examined the influence of Neoveil on the
burst pressure of the crotch [14—16]. Neoveil is polyglycolic
acid and has a thickness of .15 mm. It is a version of
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Neoveil felt developed by GUNZE Ltd., which has been
validated clinically in the Japanese market for >20 years.
In recent years, a stapler, End GIA Reinforced Reload with
Tri-Staple technology, has been developed that has Neoveil
preapplied to the device by the manufacture. In this
experiment, Neoveil resulted in nearly doubling of burst
pressures. In clinical practice, we have previously reported
on the usefulness and safety of Neoveil in the side-to-side
anastomoses of large and small intestine, and in the delta
anastomosis after gastrectomy. However, the exact rein-
forcement requirement has not previously been defined, nor
has it been verified whether additional suturing of the crotch
is necessary. In fact, in cases where additional suturing is
difficult, it is often omitted.

In this experiment, we identified important factors
influencing burst pressure, including the number of staple
rows, staple height as adapted to specific tissue thickness,
staple height uniformity, and reinforcement of the crotch.
Regarding the strength of the crotch, not only pressure
resistance but also blood flow is important factor. In the
next experiments, it is necessary to compare blood flow by
with types of stapler in vivo study.

Conclusion

Creation of a gastrointestinal anastomosis is one of the
most important and fundamental techniques in surgery of
the digestive tract [17]. Due to improvements of stapler
technologies, complications such as anastomotic leak and
bleeding have been drastically reduced. On the other hand,
it has been widely recognized that the crotch of the side-to-
side anastomosis is a weak point. Now that side-to-side
anastomoses have become mainstream in digestive tract
surgery, it is crucial to select the optimal stapler for the
surgery being performed.
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