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Abstract

Background A Billroth I reconstruction with a mechani-
cally sutured anastomosis is commonly performed in gas-
tric cancer patients. Some surgeons prefer to use large
circular staplers during suturing to minimize risks for
anastomotic stricture and gastric stasis after surgery. The
effect of stapler size on anastomotic complications has not
been validated.

Methods This study was conducted with 1,031 patients
who underwent gastrectomy and Billroth I reconstruction
at Samsung Medical Center in Seoul, Korea, between
January 2007 and October 2008. Patients were assigned to
group A (384 patients) or group B (647 patients) depending
on the size of the circular stapler that the surgeon selected
for mechanical anastomosis. A 25 mm circular stapler was
used for patients in group A, and a 28 or 29 mm circular
stapler was used for patients in group B. Postoperative
complications were analyzed retrospectively.

Results The incidence of complications (e.g., gastric
stasis, anastomotic stricture, and bleeding) did not differ
significantly between groups. Age greater than 60 years
was the only significant risk factor for anastomotic com-
plications identified in univariate and multivariate
analyses.
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Conclusions Stapler size was unrelated to complications,
such as stricture and gastric stasis. Age was the only sig-
nificant risk factor for anastomotic complications after
gastroduodenostomy.

Introduction

Since Nance [1] introduced the end-to-end anastomosis
using a circular stapler in 1979, this method for gastrodu-
odenostomy has been shown to reduce the time in surgery
compared to hand-sewing, with no difference in rates of
complication, such as leakage and stricture. In gastric
cancer, a mechanical circular stapler is commonly used to
perform anastomosis during gastroduodenostomy proce-
dures [2—4]. Although no consensus exists on the ideal size
of the stapler for anastomosis, some surgeons prefer to use
relatively large circular staplers based on the perception
that smaller staplers cause gastric stasis or anastomotic
strictures. However, no studies have directly compared
outcomes and complication rates in relation to stapler size.
The aim of the present study was to compare rates of
complications and to investigate the risk factor of anasto-
motic complications after gastroduodenostomy performed
with staplers of different sizes. The complications of
interest included bleeding, leakage, stricture, gastric stasis,
gastritis, bile reflux gastritis, and esophagitis.

Methods

This study was conducted with 1,245 patients who had
undergone Billroth I reconstruction after subtotal gastrec-
tomy. These patients were selected from among 2,369
patients diagnosed with gastric cancer who had undergone
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gastrectomy at Samsung Medical Center between January
2007 and October 2007. Of the 1,245 patients, we enrolled
1,031 who underwent curative subtotal gastrectomy with
the Billroth I reconstruction and who were followed up for
at least one year. We retrospectively analyzed the rela-
tionships between the size of the mechanical circular sta-
pler and anastomotic complications.

Five surgeons participated in this study. Two of the
surgeons used a 25 mm circular stapler (Autosuture, Co-
vidien, Norwalk, CT), and the other three surgeons used
either a 28 mm circular stapler (Autosuture, Covidien) or a
CDH circular stapler that was 29 mm in size (Ethicon
Endo-Surgery; Johnson & Johnson, Cincinnati, OH).
Group A was composed of patients for whom a 25 mm
circular stapler was used, and group B was composed of
patients for whom a 28 mm or 29 mm circular stapler was
used.

Laparotomy was performed with an upper-middle inci-
sion, and a subtotal gastrectomy and D2 lymphadenectomy
with truncal vagotomy were also performed. Mechanical
Billroth I reconstruction was then performed with a cir-
cular stapler. Postoperative complications were analyzed
retrospectively.

Stricture was identified by gastrointestinal symptoms
such as dysphagia, early satiety, or eating restriction, or
when balloon dilatation was needed for passage of a 9 mm
endoscope. Leakage was identified based on patients’
symptoms of leakage or on the drain and radiologic find-
ings. Anastomotic bleeding was defined as the need for
transfusion for bleeding after surgery, and delayed gastric
emptying was defined as the need for a Levine tube for
at least four days after surgery in the absence of any
mechanical obstruction [5]. Gastric stasis was defined as
gastric residue greater than grade 1 according to the Res-
idue, Gastritis, and Bile (RGB) classification system
described by Kubo et al. [6]. The RGB grade was evaluated
12 months after operation based on the endoscopic find-
ings. Marginal ulcers, bile reflux gastritis, and esophagitis
were assessed based on endoscopic findings 12 months
after operation.

PSPW 17.0 for Windows (SPSS, Chicago, IL) was used
to analyze the data. The clinicopathologic findings were
confirmed with the chi-square test and Fisher’s exact test,
and means were compared with the Mann—Whitney U test.
A p value <0.05 was considered statistically significant.

Results

Of the 1,031 patients enrolled in the study, 384 were
assigned to group A and 647 to group B. These groups did
not differ in age, gender, body mass index (BMI), or dis-
ease stage, but they did differ in the number of retrieved

Table 1 Comparison of clinicopathologic features in relation to
stapler size

Group A Group B p value
Sex 0.555
Male 265 (69.0 %) 435 (67.2 %)
Female 119 (31.0 %) 212 (32.8 %)
Age, years 0.817
<60 212 (55.2 %) 362 (56.0 %)
>60 172 (44.8 %) 285 (44.0 %)
BMI 0.973
<25 kg/m? 258 (67.2 %) 422 (65.2 %)
>25 kg/m? 126 (32.8 %) 225 (34.8 %)
Retrieved LN 435 £ 14.1 41.0 £ 143 0.008
Tumor location 0.620
Lower 241 (62.8 %) 416 (64.3 %)
Middle 143 (37.2 %) 231 (35.7 %)
Stage 0.697
I 287 (74.7 %) 470 (72.6 %)
I 50 (13.0 %) 96 (14.8 %)
11 47 (12.2 %) 81 (12.5 %)

BMI body mass index; LN lymph node

lymph nodes (Table 1). No leakage was observed in either
group, and the two groups did not differ in the incidence of
strictures, bleeding, gastric stasis, marginal ulcers, bile
reflux gastritis, or esophagitis (Table 2). There were two
cases of stricture in group A, and one case of stricture in
group B. In group A, stricture occurred in an 80 year-old
man with hypertension and diabetes mellitus, and a
49 year-old woman with no underlying disease. In group B,
stricture occurred in a 70 year-old man with a history of
cerebrovascular disease that was diagnosed four years
before surgery.

Univariate analysis revealed that age greater than
60 years was a significant risk factor for anastomotic
complications; sex, stapler size, BMI, retrieved lymph
nodes (LN), and disease stage were not significant risk

Table 2 Anastomotic complications in relation to stapler size

Group A Group B p value
384 647
All complications 41 (10.7 %) 75 (11.6 %)  0.653
Delayed gastric emptying 4 (1.0 %) 3 (0.5 %) 0.434
Gastric stasis 20 (5.2 %) 31 (4.8 %) 0.765
Stricture 2 (0.5 %) 1(0.2 %) 0.559
Bleeding 1 (0.3 %) 3 (0.5 %) 1.000
Leakage 0 (0.0 %) 0 (0.0 %)
Marginal ulcer 5 (1.3 %) 8 (1.2 %) 1.000
Bile reflux gastritis 2 (0.5 %) 4 (0.6 %) 1.000
Reflux esophagitis 11 (2.9 %) 27 (4.2 %) 0.286

@ Springer



1798

World J Surg (2012) 36:1796-1799

Table 3 Univariate analysis of risk factors for anastomotic Table 4 Multivariate analysis of risk factors for anastomotic
complications complications
Risk factor Without With p value Risk factors B- SE 95 % CI HR p value
complications complications coefficient
Sex 0.188 Sex
Male 615 (87.9 %) 85 (12.1 %) Male
Female 300 (90.6 %) 31 (94 %) Female —0.323 0.227 0.464-1.130 0.724 0.155
Age, years 0.036 Age, years
<60 520 (90.6 %) 54 (9.4 %) <60
>60 395 (86.4 %) 62 (13.6 %) >60 0.464 0.201 1.072-2.357 1.590 0.021
Circular stapler 0.653 Circular stapler
size size
Group A 343 (89.3 %) 41 (10.7 %) Group A
Group B 572 (88.4 %) 75 (11.6 %) Group B 0.117 0.208 0.747-1.691 1.124 0.575
BMI 0.600 Retrieved LN
240 £29 237 +£28 0.008 0.007 0.994-1.022 1.008 0.288
0.774 BMI
<25 kg/m? 603 (88.5 %) 78 (11.4 %) <25 kg/m?
>25 kg/m? 312 (89.1 %) 38 (10.9 %) >25 kg/m? —0.027 0.214 0.640-1.479 0.973 0.899
Retrieved LN 0.486 Stage 1.110
41.8 + 14.1 42,6 = 15.0 I
Stage 0.082 I —-0.729 0.364 0.237-0.987 0.482 0.045
I 668 (88.2 %) 89 (11.8 %) 111 0.108 0.288 0.634-1.959 1.115 0.706
I 137 (93.8 %) 9 (6.2 %)
11 110 (85.9 %) 18 (14.1 %) the anastomosis site [9]. The size of the stapler may be

factors (Table 3). Multivariate analysis showed that age
greater than 60 years was an independent risk factor for
anastomotic complications (Hazard Ratio [HR] = 1.590,
p = 0.021; Table 4).

Discussion

Gastric cancer is one of the most common cancers in
Korea, and it occurs most frequently in the lower third of
the stomach. Distal subtotal gastrectomy with the Billroth I
reconstruction is the most commonly used treatment for
this type of cancer in Korea [7]. Studies show that anas-
tomosis performed with a stapler is either equivalent or
superior to hand-sewn anastomosis for gastroduodenos-
tomy in terms of outcomes and complications [2—4]. Hori
et al. [2] suggest that the two techniques differ in terms
of time requirements but not in the risks of morbidity
and mortality. Although many surgeons perform mechan-
ical anastomosis with a circular stapler because it is con-
venient and reduces operative time, the effect of stapler
size on the risk of complications after gastroduodenostomy
is unknown.

The risk for stricture after esophagogastrostomy may be
increased by leakage [8] or an inadequate blood supply at
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inversely related to the occurrence of strictures after
esophagogastrostomy or esophagojejunostomy [10-12].
Johansson et al. [13] reported that the frequency of anas-
tomotic strictures after total gastrectomy is inversely rela-
ted to stapler size, but these authors found no relationship
between the frequency of strictures and stapler size during
esophagogastrostomy after esophagectomy. These studies
indicate that decreased blood supply is an important risk
factor for stricture formation, so surgery must be performed
carefully in the case of eophagojejunostomy after total
gastrectomy, in which the blood supply must be sufficient
to reach the distant anastomosis.

Previously, we showed that the size of the stapler does
not affect the risk for stricture in esophagojejunostomy
after total gastrectomy [14]. The frequency of stricture in
mechanical gastroduodenostomy ranges from 1.1 to 8.0 %
[2—4, 15]. Many surgeons prefer to use relatively large
circular staplers because these are presumed to prevent
anastomotic stenosis. However, this preference is not based
on systematic study.

We observed a total of three cases of stricture. In group
A, an 80 year-old man with hypertension and diabetes
mellitus experienced a stricture four months after opera-
tion; and a 49 year-old woman with no underlying disease
developed a stricture four months after operation. In group
B, a 70 year-old man with a history of cerebrovascular
disease developed a stricture three months after operation.
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All patients recovered from the stricture after a single
balloon dilatation. The presence of vascular disease in two
of the three patients suggests that reduced blood supply at
the site of the anastomosis induced the stricture. Thus,
maintenance of an adequate blood supply may be more
important than the size of the stapler for stricture preven-
tion. Anastomic bleeding occurred in two patients in group
B and no patients in group A, but this difference was not
significant.

Takahashi et al. [4] reported a higher frequency of
gastric stasis after mechanical anastomosis than after hand-
sewn anastomosis. These authors noted that a higher risk
for gastric stasis in mechanical anastomosis may result
from a perturbation of gastric motility after surgery or the
location of the anastomosis site. In our study, gastric stasis
occurred in 20 patients in group A (5.2 %) and 31 patients
in group B (4.8 %) 12 months after surgery. We observed
no difference in gastric stasis in relation to stapler size. One
patient from group B developed gastric stasis immediately
after surgery, but the patient recovered after conservative
treatment involving the insertion of a Levine tube. The two
groups did not differ in the incidence of gastritis, marginal
ulcers, bile reflux gastritis, or esophagitis.

Few studies have assessed complications of anastomosis
related to Billroth I reconstruction after surgery for gastric
cancer, perhaps because these complications tend to occur
at very low frequencies. Park et al. [15] identified three
independent risk factors for morbidity after gastrectomy,
including age greater than 50 years, combined resection,
and Billroth II reconstruction. These authors observed no
leakage in the Billroth I reconstruction, and stenosis
occurred in 1.1 % of patients. Jeong et al. [16] identified
three independent risk factors for morbidity after curative
gastrectomy, including male sex, BMI >25, and distal
pancreatectomy. In their study, luminal bleeding and
anastomosis leakage occurred in 2.6 and 0.3 % of patients,
respectively.

Although we performed this study retrospectively with a
one-year follow-up, our results indicate that age greater
than 60 years is an independent risk factor for anastomotic
complications. Thus, when older patients undergo these
procedures, they should be observed closely during and
after surgery. In the future, our findings should be con-
firmed in a prospective study with a long-term follow-up.

Conclusions

Some surgeons prefer to use a relatively large circular
stapler to reduce the risk of anastomotic stricture or gastric
stasis during gastroduodenostomy. However, we observed
no relationship between rates of anastomotic complications
and stapler size. For ease of manipulation and to minimize

tissue manipulation, we recommend using one of the
smaller staplers for anastomosis during gastroduodenos-
tomy. In addition, age greater than 60 years was associated
with anastomotic complications, suggesting that older
patients should be observed closely during and after this
surgery.
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