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Efficacy of the polyglycolic acid sheet

for preventing anastomotic leakage

in double-stapling technique anastomosis
for left-sided colon or rectal cancer surgery:
a propensity score-matched study

Masatsune Shibutani'’, Tatsunari Fukuoka', Yasuhito Iseki', Hiroaki Kasashima' and Kiyoshi Maeda'

Abstract

Background To prevent anastomotic leakage in patients with left-sided colorectal cancer who underwent double-
stapling technique (DST) anastomosis, we investigated a new method: DST anastomosis with a polyglycolic acid
(PGA) sheet. This procedure has been shown to have the potential to decrease the rate of anastomotic leakage.
However, due to the small number of cases enrolled in our previous study, it was not possible to compare the
outcomes of the new and conventional procedures. The aim of this study was to evaluate the effect of the PGA sheet
on preventing anastomotic leakage in patients with left-sided colorectal cancer who underwent DST anastomosis by
retrospectively comparing the anastomotic leakage rate between the PGA sheet and conventional groups.

Methods A total of 356 patients with left-sided colorectal cancer who underwent DST anastomosis during surgery
at Osaka City University Hospital between January 2016 and April 2022 were enrolled in this study. Propensity score
matching was performed to reduce the confounding effects secondary to imbalances in the use of PGA sheets.

Results The PGA sheet was used in 43 cases (PGA sheet group) and it was not used in 313 cases (conventional

group). After propensity score matching, the incidence of anastomotic leakage in the PGA sheet group was
significantly lower than that in the conventional group.

Conclusion DST anastomosis with PGA sheet, which is easy to perform, contributes to the reduction of anastomotic
leakage rate by increasing the strength of the anastomotic site.

Keywords Double-stapling technique, Anastomotic leakage, Polyglycolic acid sheet

*Correspondence:

Masatsune Shibutani

foxbj429@ybb.ne.jp

'Department of Gastroenterological Surgery, Osaka metropolitan
university graduate school of medicine, 1-4-3 Asahi-machi Abeno-ku,
Osaka City 545-8585, Osaka Prefecture, Japan

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12893-023-02044-0&domain=pdf&date_stamp=2023-5-17

Shibutani et al. BMC Surgery (2023) 23:135

Background

Double-stapling technique (DST) anastomosis is a pro-
cedure that is frequently performed during surgery for
left-sided colon or rectal cancer [1, 2]. However, the
anastomotic leakage rate of DST anastomosis in rectal
surgery is about 10% [3-5]. In addition to worsening the
short-term outcomes, such as the re-operation rate and
duration of hospitalization, anastomotic leakage has a
negative impact on the oncological outcomes, such as
recurrence rate and cancer-specific survival [6—8]. There-
fore, various improvements in procedures and devices,
including sufficient mobilization of the left-sided colon
for tension-free anastomosis [9, 10], evaluation of intes-
tinal perfusion by indocyanine green (ICG) fluorescence
imaging [11-13], placement of a transanal tube to reduce
intraluminal pressure [14—16], improvements in sta-
pling devices [17-19], and intracorporeal reinforcement
sutures [20, 21] have been made to prevent anastomotic
leakage. However, anastomotic leakage remains a com-
plication that needs to be resolved and continues to be
a concern for colorectal surgeons. To solve this problem,
we investigated a new method, DST anastomosis with a
polyglycolic acid (PGA) sheet (Neoveil’; Gunze, Kyoto,
Japan) [22]. This procedure has been shown to have
the potential to decrease the rate of anastomotic leak-
age. However, due to the small number of cases enrolled
in our previous study, it was not possible to compare
the outcomes between the new and the conventional
procedures.

The aim of this study was to evaluate the effect of PGA
sheets on preventing anastomotic leakage in patients
with left-sided colon and rectal cancer who underwent
DST anastomosis by comparing the anastomotic leakage
and re-operation rates between the PGA sheet and the
conventional groups.

Methods

Patients

A total of 356 patients with left-sided colon or rectal can-
cer who underwent DST anastomosis during surgery at
Osaka City University Hospital between January 2016
and April 2022 were enrolled in this study. Indocyanine
green fluorescence imaging was performed during all
operations; however, the left colic artery was not pre-
served in any of them. An expert in colorectal surgery
participated in all surgeries. Accordingly, there was no
operator bias in the use of the PGA sheet. For patients
with intestinal obstruction, decompression was per-
formed first by means such as a metallic stent, trans-
anal tube, or colostomy, and then the primary lesion was
resected. The following variables were analyzed: age, sex,
body mass index, the American Society of Anesthesiolo-
gist physical status (ASA-PS), diabetes mellitus comor-
bidity, tumor depth, tumor diameter, tumor location,
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surgical approach (open/laparoscopic/robot-assisted),
diverting ileostomy, number of stapler cartridges for
rectal transection, duration of operation, intraoperative
blood loss, neoadjuvant treatment, anastomotic leakage,
re-operation, postoperative bleeding at the anastomotic
site, and mortality.

Surgical technique of the DST anastomosis with the PGA
sheet
Details regarding the method of DST anastomosis with
PGA sheets have been described in our previous report
[22]. The remainder of this paper is organized as fol-
lows: First, a PGA sheet with a slit of a few millimeters
was attached to the anvil (Fig. 1A). DST anastomosis was
then performed with the PGA sheet sandwiched (Fig. 1B
C). Finally, a strip of PGA sheet was wrapped around the
anastomosis (Fig. 1D).

No changes were made during the study period in post-
operative management, such as postoperative resump-
tion of diet or placement of a transanal drainage tube.

De nition of anastomotic leakage

Anastomotic leakage was defined as an extravasation
observed on radiography. Upon observing the clinical
signs of leakage, such as abdominal pain, high fever, leu-
kocytosis, or pus/fecal discharge from the pelvic drain,
computed tomography (CT) was performed to confirm
the presence of anastomotic leakage. The following CT
findings were considered suggestive of anastomotic leak-
age: abscess, fluid collection, or air bubbles surrounding
the anastomotic site.

Ethics statement

This retrospective study was approved by the Ethics
Committee of Osaka City University (approval num-
ber: 4182) and was conducted in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all patients.

Statistical analyses

All statistical analyses were performed using the SPSS
software package for Windows (IBM, Chicago, IL, USA).
The significance of differences between the use of PGA
sheet and the patients’ background/operative outcomes
were analyzed using a chi-squared test, Fisher’s exact
test, and the Mann—Whitney U test. P<0.05 was consid-
ered to be statistically significant. To reduce the impact
of selection bias and potential confounding, which is
associated with non-randomized observational studies,
we performed propensity score matching. The propensity
scores were estimated using multivariate logistic regres-
sion models, with the groups as the dependent variable
and patient characteristics and operative outcomes as
covariates. Matching was performed with a one-to-one



Shibutani et al. BMC Surgery

(2023) 23:135

Page 3 of 7

Fig. 1 The outline of the double-stapling technique (DST) anastomosis with a polyglycolic acid (PGA) sheet (A) The PGA sheet was attached to the anvil.
(B, C) DST anastomosis was performed with the PGA sheet sandwiched. (D) A strip of the PGA sheet was wrapped around the anastomosis

greedy nearest neighbor algorithm with a caliper of 0.2
without replacement.

Results

PGA sheets were used in 43 cases (PGA sheet group)
while conventional techniques were used for the remain-
ing 313 cases (conventional group). Patient charac-
teristics are summarized in Table 1 and the operative
outcomes are summarized in Table 2. Differences in
patient characteristics and operative outcomes between
the two groups before propensity score matching were
observed for body mass index and duration of operation.
Propensity score matching was performed using these
factors as covariates.

Postoperative complications are summarized in
Table 3. Before propensity score matching, the incidence
of anastomotic leakage in the PGA sheet group was sig-
nificantly lower than that in the conventional group (2.3%
versus 13.4%, p=0.042), and even after propensity score
matching, similar result was observed. Before propensity
score matching, re-operation was performed in 2.6% of

the patients in the conventional group, whereas no re-
operation was performed in the PGA sheet group, how-
ever, no statistically significant difference was observed.
Furthermore, before propensity score matching, anasto-
motic bleeding was observed in 1.6% of the patients in
the conventional group, whereas no anastomotic bleed-
ing was observed in the PGA sheet group.

Discussion

This study demonstrated that PGA sheets contribute to
a decrease in the risk of anastomotic leakage in patients
with left-sided colon or rectal cancer who underwent
DST anastomosis. Since DST anastomosis with a PGA
sheet is easy to perform and the material is relatively
inexpensive, this procedure has the potential to make
anastomotic leakage a rare complication.

The PGA sheet, which is an absorbable reinforce-
ment material, increases physical pressure resistance by
forming a barrier due to thickening of the collagen tis-
sue during hydrolysis [23, 24]. This material has been
widely used in daily practice to prevent air leakage after
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Table 1 Patients'characteristics and clinicopathological factors
Entire cohort Matched cohort
Factors The conventional The PGA sheet p-Value The conventional  The PGA sheet p-
group (n=313) group (n=43) group (n=43) group (n=43) Value
Age (years)
Median (range) 69 (31-92) 70 (42-88) 0.904 69 (31-90) 70 (42-88) 0.691
Sex, n
Male 192 24 17 24
Female 191 19 0.508 26 19 0.827
Body mass index (kg/m?)
Median (range) 22,63 (14.55-40.88) 20.89 0.016 2144 (14.55-31.31)  20.89 0.839
(14.84-32.55) (14.84-32.55)
ASA physical status, n
1,2 267 33 37 33
3 44 10 10
4 2 0 0.161 0 0 0407
Diabetes mellitus, n
Negative 249 38 38 38
Positive 64 5 0.218 5 6 >0.999
Tumor location, n
Descending colon 1 1 0 1
Sigmoid colon 147 25 21 25
Rs 68 6 7 6
Ra 54 10 8
Rb 43 0.187 5 3 0.709
Tumor diameter (cm)
Median (range) 35(0-11.0) 3.8(0-12.0) 0.629 35(0-7.5) 3.8(0-12.0) 0.704
Tumor depth, n
Tis 5 1 0 1
T 50 4 7 4
T2 5 5 7 5
T3 151 26 20 26
T4 39 4 5 4
After endoscopic resection 22 4 3
Complete response after NACRT 1 0 0.807 0 0 0.671
Neoadjuvant treatment, n
None 301 43 42 43
Chemoradiotherapy 12 0 0374 1 0 >0.999

PGA, polyglycolic acid; ASA, American Society of Anesthesiologists; NACRT, neoadjuvant chemoradiotherapy; Ra, tumor above the peritoneal reflection; Rb, tumor

at or below the peritoneal reflection

lung surgery [25, 26] and to prevent pancreatic fistula
after pancreatic surgery [27, 28]. As there have been no
experimental animal studies, the effect of PGA sheets on
fibrosis in the gastrointestinal tract is unknown. None-
theless, it is speculated that the PGA sheet can exert its
protective effect in the gastrointestinal tract, given that
PGA sheets are effective in lung surgery, which deals
with air that requires stricter control than liquids. Fur-
thermore, in the previous basic research, PGA sheets
have been reported to contribute to an increase in physi-
cal pressure resistance by stabilizing staples [29, 30]. As
described above, PGA sheets may be useful in prevent-
ing anastomotic leakage; however, very few clinical stud-
ies have been conducted on DST anastomosis with PGA
sheets. This study is the first to statistically verify the

efficacy of PGA sheets for preventing anastomotic leak-
age in patients with left-sided colon or rectal cancer who
underwent DST anastomosis.

Three intraoperative factors associated with anasto-
motic leakage have been reported: (i) incomplete anas-
tomosis, e.g., thinned rectal wall, inadequate donut, or
staple malformation; (ii) tension; and (iii) blood sup-
ply [11, 31, 32]. The risk of anastomotic leakage asso-
ciated with tension and blood supply can be avoided
by performing sufficient mobilization for tension-free
anastomosis and evaluating blood flow using ICG fluo-
rescence [9-13]. Regarding physical pressure resistance,
additional suture reinforcements have been proposed
for reliable anastomosis; in other words, a robust anas-
tomosis that is clinically sufficient to prevent leakage [20,
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Table 2 Operative outcomes
Entire cohort Matched cohort
Factors The conventional The PGAsheet p-Value The conventional ~ The PGAsheet p-
group (n=313) group (n=43) group (n=43) group (n=43)  Value

Surgical approach, n
Open 28 3 4 3
Laparoscopic 255 36 34 36
Robot-assisted 30 4 0.907 5 4 0.856
Number of stapler cartridges for rectal
transection, n
1-2 305 42 42 42
>2 8 1 >0.999 1 1 >0.999
Operative duration (min)
Median (range) 217 (146-691) 189 (117-1129)  0.001 224 (136-574) 189 (117-1129)  0.076
Intraoperative blood loss (ml)
Median (range) 20 (5-3700) 20 (5-2730) 0.299 10 (5-3700) 20 (5-2730) 0.826
Diverting ileostomy, n
Absent 271 41 37 41
Present 42 2 0.137 6 2 0.265
PGA, polyglycolic acid
Table 3 Postoperative complication

Entire cohort Matched cohort
Factors The conventional The PGAsheet  p-Value The conventional The PGAsheet p-

group (n=313) group (n=43) group (n=43) group (n=43) Value
Anastomotic leakage, n(%) 42 (13.4%) 1(2.3%) 0.042 8 (18.6%) 1(2.3%) 0.030
Re-operation, n(%) 8 (2.6%) 0 (0%) 0.603 1(2.3%) 0 (0%) >0.999
Postoperative bleeding at anasto- 5(1.6%) 0 (0%) <0.999 0 (0%) 0 (0%) N/A
motic site, n(%)
Mortality, n(%) 0 (0%) 0 (0%) N/A 0 (0%) 0 (0%) N/A

PGA, polyglycolic acid; N/A, not applicable

21]. However, the DST anastomosis with the PGA sheet
proposed in this study is more effective than the conven-
tional reinforcement methods. The reasons for this are
as follows. While the effect of reinforcing sutures at the
crossing point of staple lines and the use of a linear sta-
pler with a pre-attached bioabsorbable PGA felt on pre-
venting anastomotic leakage has been reported [20, 21,
33, 34], Ikeda et al. demonstrated that anastomotic leak-
age is often observed at circular staple lines as well as the
crossing points of staple lines [35]. Therefore, sutures at
the crossing points of staple lines, or the use of a linear
stapler with pre-attached bioabsorbable PGA felt alone
are insufficient reinforcements, because circular staple
lines cannot be reinforced by these procedures. Based
on these facts, it is considered that the DST anastomo-
sis with PGA sheets may be a safer procedure, in that it
enables all-round reinforcement, including the crossing
points of staple lines. Furthermore, suturing the poste-
rior wall is often technically difficult due to insufficient
working space, while suturing in itself is difficult in cases
of ultralow anastomosis. In contrast, DST anastomosis
with PGA sheets does not require training and can be

easily performed by any surgeon, even in cases of lower
anastomosis.

In addition to the prevention of anastomotic leakage,
no anastomotic bleeding was observed in the PGA sheet
group. Although this was not the main purpose of using
a PGA sheet, their use may have prevented anastomotic
bleeding by stabilizing staple formation and promoting
wound healing.

The only disadvantage of DST anastomosis with a PGA
sheet is that it interferes with the identification of failure
points when the intraoperative leakage test is positive.
However, the leakage point could still be identified by
flipping the sheet. We experienced one case of positive
intraoperative leakage test, but no postoperative anasto-
motic leakage occurred by identifying the leakage point
and reinforcing it with additional intracorporeal sutures.

This study has several limitations. First, this was a
retrospective study with a small cohort in a single cen-
ter. Second, improvements in the circular stapler over
the last few years may have contributed to the preven-
tion of anastomotic leakage. Third, although no patients
developed anastomotic stenosis, long-term surveillance
for anastomotic stenosis was not performed. Fourth, a
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variety of patient-related factors such as, smoking and
anemia may contribute to the development of anasto-
motic leakage, out of which only ASA-PS and diabetes
mellitus were evaluated in this study.

Conclusion

In conclusion, it has been clarified that DST anastomo-
sis with the PGA sheet, which is easy to perform, con-
tributes to the reduction of anastomotic leakage rate by
increasing the strength of anastomosis.

Abbreviations

DST double-stapling technique

PGA polyglycolic acid

ICG indocyanine green

cT computed tomography

NACRT  neoadjuvant chemoradiotherapy

Ra tumor above the peritoneal reflection

Rb tumor at or below the peritoneal reflection
N/A not applicable
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