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INTRODUCTION
Circular staplers are commonly used tools in surgical proce-
dures involving anastomotic suturing of gastrointestinal organs, 
including esophagojejunostomy. However, serious postoperative 
complications in the form of anastomotic leakage (AL) and ste-
nosis (AS) can occur at the sutured sites. They are associated with 
increased morbidity and mortality, a negative impact on functional 

outcomes, quality of life, and a burden on hospital resources and 
the health system.1,2 Although the use of circular staplers may 
reduce the risk of AL compared with other suturing techniques,3,4 
additional improvements are required to further reduce the risk of 
these complications and to improve surgical outcomes.

Several factors have been shown to increase the risk of AL. 
These include higher age (≥65 years), anemia, malnutrition,  
BMI > 25, weight loss and steroid administration5 as well as proxi-
mal located lesions and higher Eastern Cooperative Oncology Group 
(ECOG) Performance Status 2 or 3.6 For the development of AS, the 
diameter of the circular stapler has been identified as a potential risk 
factor, with smaller staplers generally being associated with a higher 
risk.2 However, the impact of each of these risk factors varies with 
the anatomical location of the anastomosis as well as with the used 
suturing technique. It also remains unclear whether stapler diameter 
also affects the risk of AL in addition to the risk of AS.

In the present retrospective analysis, we thus investigated the 
impact of circular stapler diameter and other potential risk fac-
tors on the rate of AL and AS, as well as the impact of these two 
complications on patient survival after open total gastrectomy 
and esophagojejunostomy. Additionally, we looked for other 
risk factors than stapler size for the occurrence of AL and AS.

METHODS

Patients

Four hundred forty-seven patients received open gastrectomy 
at the University Hospital Erlangen between 2000 and 2018. 
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Background: Anastomotic leakage (AL) and stenosis (AS) are two of the most severe postoperative complications after total 
gastrectomy with esophagojejunostomy. The stapler diameter can be chosen by the surgeon. Therefore, this study aims to assess 
the correlation between the stapler size as main independent variable as well as other different risk factors and AL and AS.
Methods: We conducted a retrospective analysis of data from 356 patients who underwent open total gastrectomy between 2000 
and 2018, mostly due to gastric cancer (96.9%). After propensity score matching the outcome parameters AL and AS were com-
pared between the two stapler size groups. We also assessed different risk factors for AL and AS in cancer patients using multivariate 
analysis.
Results: Small circular stapler diameter (21/25 mm; n = 147 vs 28/29/31 mm; n = 209) was identified as a significant risk factor for 
the occurrence of AL (10% vs 4% for smaller vs larger staplers; P = 0.042). In multivariate analysis for the occurrence of AL an ASA 
score ≥ 3 could be identified as a risk factor (OR 2.85; 95% CI = 1.13–7.15; P = 0.026). Additionally, smaller stapler size could be 
identified as a risk factor for AS (OR small 1.00, OR large 0.24; 95% CI: 0.06–0.97; P = 0.045). AL was associated with lower survival 
(18.1 vs 38.16 months; P = 0.0119).
Conclusion: The application of a larger circular stapler for esophagojejunostomy in open total gastrectomy shows significantly lower 
rates of AL and stenosis. Therefore, the largest possible stapler diameter should be applied.
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The study includes all patients on whom open gastrectomy 
was performed, for whom stapler diameter was documented 
(n = 391) and propensity score matching was applicable (n = 
356). The majority of these patients presented with malignant 
gastric cancer disease (96.9%). Among others the main inde-
pendent variable was stapler size and the dependent variables 
were AL and AS. We also looked for other risk factors for the 
occurrence of AL and AS such as ASA (American Society of 
Anesthesiologists) score, preoperative chemotherapy, preopera-
tive radiotherapy, additional distal esophageal resection, UICC 
stage, stapler size and for AS additionally resection status, post-
operative chemotherapy, postoperative radiotherapy, and AL. 
For this multivariate analysis, we only included the patients 
with malignancy and for whom UICC stadium was available  
(n = 335) (Figure 1).

Aside from the impact of risk factors on the occurrence of 
AL and AS, we also investigated the effect of these two com-
plications on postoperative patient survival. Forty-five from 
391 patients had to be excluded due to missing data. These 
45 patients also included the patients without malignancy. 
Therefore, survival analysis was just performed for patients 
with gastric cancer (Figure  1). Patients were followed up for 
at least 5 years. In the first 2 years at 3-month intervals and 
thereafter at 6-month intervals. In 2004, the follow-up interval 
was changed according to the guidelines: every 6 months for the 
first 2 years and annually thereafter. Follow-up data were col-
lected either through follow-up visits at the university hospital 
or through written correspondence with the patients’ treating 
physicians. After 5 years, at least a vital status check was carried 
out annually at the local registration office.

Data were collected prospectively and analyzed retrospectively.

Surgical Procedure

All surgeries were performed by at least one of altogether 9 expe-
rienced surgeons in that 18-year time period. After application 

of a purse string clamp, the distal esophagus was sutured and 
transected. The clamp was removed and the anvil of the circu-
lar stapler was introduced and fixated. The alimentary loop of 
the jejunum was transected and pulled retrocolically into the 
upper abdomen. The circular stapler was introduced into the 
jejunum and connected with the anvil. The stapler was then fired 
to generate the esophagojejunal anastomosis. The biliopancre-
atic limb was anastomosed with the alimentary limb in a classic 
Y-technique.

Definition of Anastomotic Leakage

Postoperative AL of the esophagojejunal anastomosis was 
defined as the presence of at least one of the following crite-
ria: (1) Evidence of AL by endoscopy; (2) Radiological evidence 
of leakage by contrast-enhanced computer tomography; (3) 
Evidence of leakage during re-surgery.

Definition of Anastomotic Stenosis

Postoperative anastomotic stenosis (AS) of the esophagojejunal 
anastomosis was diagnosed by endoscopy.

Statistical Analysis

Statistical analysis was performed using SPSS Statistics 28. 
Propensity score matching was performed for the independent 
variable stapler size and included age, gender, ASA classifica-
tion, height, and weight to minimize bias caused by potential 
confounders in this retrospective series and to homogenize 
the groups.7 Predefined stapler diameter groups were small 
diameter (21/25 mm) and large diameter (28/29/31 mm). For 
calculation the nearest neighbor method with a 1:2 ratio 
(patients with small stapler size vs patients with large stapler 
size) was used. Propensity score deviation width was set to 

FIGURE 1. Study design.
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a threshold of <0.2. Due to this process, 35 nonmatchable 
patients had to be excluded. After matching comparisons of 
metric and ordinal data were calculated with the Student’s 
t-test or Mann-Whitney U test. The Chi-square test was used 
for categorical data. Additionally, multivariate analysis was 
performed for AL and AS of cancer patients with the poten-
tial risk factors ASA, preoperative chemotherapy, preoper-
ative radiotherapy, additional distal esophageal resection, 
UICC stage, stapler size and for AS additionally resection 
status, postoperative chemotherapy, postoperative radiother-
apy, and AL. The predefined threshold for significance was  
P < 0.05.

Survival analysis was performed using the Log-rank test with 
the program Graph Pad Prism 9.

RESULTS

Demographics

Propensity score matching of the 391 patients (mean age: 65 
years, 29% female) meeting inclusion criteria revealed 356 
matched patients. Of these 356 patients, the smaller stapler was 
applied in 147 patients and the larger stapler in 209 patients. In 
the smaller stapler group were significantly more female patients 
compared with the larger stapler group (38% vs 22%, P = 
0.001). All other demographic parameters including age, BMI, 
ASA, preoperative chemotherapy, preoperative radiotherapy, 
additional distal esophageal resection, malignancy, resection 
status, UICC stage, postoperative chemotherapy, postoperative 
radiotherapy did not significantly differ between the groups 
(Table 1).

Outcome Parameter

The overall AL rate equals 6% (22/356 patients) and the AS 
rate 3% (6/356 patients). AL occurred more often in the smaller 
stapler group compared to the larger stapler group (10% vs 4%, 
P = 0.042). There were no differences for Clavien-Dindo classifi-
cation for AL nor for AS between the groups (Table 2).

Risk Factors for Anastomotic Leakage

In the multivariate analysis for the occurrence of AL a higher 
ASA score (3 and 4) could be identified as an independent risk 
factor (OR 2.85; 95% CI: 1.13–7.15; P = 0.026). Additionally, 
a larger stapler diameter protects from AL (OR 0.37; 95% CI: 
0.15-0.93; P = 0.034).

Preoperative chemotherapy, preoperative radiotherapy, addi-
tional esophageal resection, and UICC stage did not have any 
effect (Table 3).

Risk Factors for Anastomotic Stenosis

Interestingly, in the multivariate analysis for the occurrence of 
AS a smaller stapler size could be identified as an independent 
risk factor for AS in comparison to a larger stapler size (OR 
small 1.00, OR large 0.24; 95% CI: 0.06–0.97; P = 0.045). All 
other calculated risk factors could not show any significant dif-
ferences (Table 4).

Survival Analysis

As is shown in Figure 2, the occurrence of AL is significantly 
associated with lower survival (median overall survival 18.1 vs 

TABLE 1.

Patients Characteristics

 All Patients Patients With Small Stapler Size Patients With Large Stapler Size P 

Number 356 147 209  
Age (yrs)* 65 ± 12 65 ± 13 65 ± 12 0.602
Gender*    0.001
 Female 102 (29) 56 (38) 46 (22)  
 Male 254 (71) 91 (62) 163 (78)  
BMI (kg/m2)† 26.0 ± 4.3 25.8 ± 4.3 26.1 ± 4.3 0.522
ASA*    0.558
 1 15 (4) 5 (3) 10 (5)  
 2 211 (59) 83 (57) 128 (61)  
 3 125 (35) 56 (38) 69 (33)  
 4 5 (1) 3 (2) 2 (1)  
Preoperative chemotherapy 139 (39) 50 (34) 89 (43) 0.122
Preoperative radiotherapy 44 (12) 14 (10) 30 (14) 0.193
Additional distal esophageal resection 142 (40) 57 (39) 85 (41) 0.743
Malignancy    0.375
 Yes 345 (97) 144 (98) 201 (96)  
 No 11 (3) 4 (2) 8 (4)  
Resection status    0.371
 R0 288 (86) 117 (83) 171 (87)  
 R1/2 49 (14) 24 (17) 25 (13)  
UICC stage‡    0.768
 0 14 (4) 6 (4) 8 (4)  
 I 74 (22) 36 (26) 38 (20)  
 II 75 (22) 30 (21) 45 (23)  
 III 92 (28) 38 (27) 54 (28)  
 IV 80 (24) 31 (22) 49 (25)  
Postoperative chemotherapy 103 (29) 41 (28) 62 (30) 0.724
Postoperative radiotherapy 10 (3) 5 (3) 5 (2) 0.747

Data are presented as mean ± standard deviation or n (%).
*Matched parameter.
†Matched for weight and height.
‡n = 335 (patients without malignancy [n = 11] and patients with unknown UICC stage [n = 10] were excluded).
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38.16 months; P = 0.0119). We did not observe significant cor-
relation between the occurrence of AS and decreased survival 
(Figure 3) (27.28 vs 38.03 months; P = 0.2007).

DISCUSSION
Anastomotic leakage remains a potentially life-threatening 
complication in patients who underwent total gastrectomy. 
This is reaffirmed by the data of the present substantive retro-
spective series, which show that AL after total gastrectomy and 
esophagojejunostomy is associated with a significant decrease 
in postoperative survival. AS is an uncomfortable morbidity 
which can lead to dysphagia, reflux, malnutrition, and lung 
infections due to regurgitation and aspiration.2 To improve 
patients’ survival and to reduce complications such as AL or 
AS, it is important to identify and minimize the risk factors that 
may contribute to an increased rate of AL or AS. We identified 
two important risk factors: (1) A smaller surgical stapler diam-
eter was associated with a significant increase in the rate of AL 
and AS. (2) An ASA Score ≥ 3 was correlated with a higher risk 
for AL.

The potential impact of circular stapler diameter on the rate 
of AS has long been in contention, with some studies suggest-
ing that a smaller diameter is associated with a higher rate 
of stenosis8 and other studies finding no such correlation.9 A 
recent meta-analysis of 21 studies confirmed that larger stapler 

diameter is associated with a lower rate of stenosis in the upper 
gastrointestinal tract while there was insufficient data on the 
effect in the lower gastrointestinal tract.2 In this context, it is 
worth noting that both the site and the type of anastomosis 
are likely to affect the rate of stenosis. Out of the 21 studies 
included in the meta-analysis, only two investigated the effect 
of stapler diameter in esophagojejunostomy. The first of these 
two studies (25 mm vs 28/31 mm, n = 45) concluded that larger 
stapler diameter is associated with a lower rate of stenosis,10 
the other study (25 mm vs 28 mm, n = 60) found no significant 
correlation between stapler diameter and stenosis of the anas-
tomotic site.11 In the present study (21/25 mm vs 28/29/31 mm, 
n = 335), in multivariate analysis, we identified a significant 
correlation between a smaller stapler diameter and rate of AS.

Aside from AS, AL is another complication of anastomo-
sis that may be affected by the site and type of anastomosis 

TABLE 2.

Outcome Parameter

 
All Patients  
(n = 356) 

Patients With Small  
Stapler Size (n = 147) 

Patients With Large  
Stapler Size (n = 209) P 

Anastomotic leakage (AL) 22 (6) 14 (10) 8 (4) 0.042
Clavien-Dindo-classification for AL    0.201
 I 0 (0) 0 (0) 0 (0)  
 II 2 (9) 2 (14) 0 (0)  
 III 10 (45) 6 (43) 4 (50)  
 IV 3 (14) 1 (7) 2 (25)  
 V 7 (32) 5 (36) 2 (25)  
Anastomotic stenosis (AS) 12 (3) 8 (5) 4 (2) 0.080

Data are presented as mean ± standard deviation or n (%).
AS indicates anastomotic stenosis.

TABLE 3.

Multivariate Analysis for Occurrence of AL in Cancer Patients  
(n = 335)

 

Multivariate Analysis for AL

OR 95% CI P 

ASA   0.026
 1/2 1.00   
 3/4 2.85 1.13–7.15  
Preoperative chemotherapy   0.989
 No 1.00   
 Yes 0.99 0.34–2.86  
Preoperative radiotherapy   0.662
 No 1.00   
 Yes 1.36 0.34–5.50  
Additional distal esophageal resection   0.108
 No 1.00   
 Yes 2.15 0.85–5.48  
UICC stage   0.112
 UICC 0/I/II 1.00   
 UICC III/IV 2.12 0.70–6.42  
Stapler size   0.034
 Small 1.00   
 Large 0.37 0.15–0.93  

AL indicates anastomotic leakage; CI, confidence intervals; OR, odds ratio.

TABLE 4.

Multivariate Analysis for Occurrence of AS in Cancer Patients  
(n = 335)

 

Multivariate analysis for AS

OR 95% CI P 

ASA   0.346
 1/2 1.00   
 3/4 0.49 0.11–2.17  
Preoperative chemotherapy   0.185
 No 1.00   
 Yes 2.80 0.61–12.78  
Preoperative radiotherapy   0.667
 No 1.00   
 Yes 0.58 0.05–7.06  
Additional distal esophageal resection   0.086
 No 1.00   
 Yes 0.22 0.04–1.24  
UICC stage   0.245
 UICC 0/I/II 1.00   
 UICC III/IV 2.48 0.54–11.50  
Stapler size   0.045
 Small 1.00   
 Large 0.24 0.06–0.97  
Resection status   0.703
 R0 1.00   
 R1/2 0.72 0.13–3.91  
Postoperative chemotherapy   0.797
 No 1.00   
 Yes 0.81 0.17–3.89  
Postoperative radiotherapy   0.435
 No 1.00   
 Yes 2.76 0.22–35.19  
Anastomotic leakage   0.181
 No 1.00   
 Yes 3.55 0.56–22.73  

AS indicates anastomotic stenosis; CI, confidence intervals; OR, odds ratio.
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and possibly by stapler diameter. Although a previous study 
(25 mm vs 28 mm, n = 60) observed no significant correla-
tion between stapler diameter and leakage rate,11 the present 
study (21/25 mm vs 28/29/31 mm, n = 356) found a significant 
association between larger stapler diameter and a lower rate  
of AL. The reason for this could be that a larger stapler diam-
eter allows for more of the mucosa and subserosa to be placed 
in the space between the stapler and anvil, that is, inside 

the staple line. This increases the surface of the anastomosis  
and might thus reduce the tension and therefore the risk of 
leakage. It must be mentioned that for patients with a small 
esophagus there might be no option for inserting a larger  
anvil. Nevertheless, the largest possible stapler diameter 
should be used and where applicable a larger size at least 
tried. Still there is further need to investigate the role of 
circular stapler diameter on the risk of complications after 
esophagojejunostomy.

The ASA Score estimates the anesthetic risk of an interven-
tion and mirrors the degree of a patient’s comorbidity. In several 
studies for colorectal cancer, a higher ASA score is associated 
with AL.12,13 A retrospective study including 1,192 patients with 
resection of the gastroesophageal junction for adenocarcinoma 
showed an ASA score ≥ 3 as a risk factor for operative mortality 
and morbidity as well as for AL.14 There are more studies which 
corroborate these results for anastomosis after esophagec-
tomy.15,16 This retrospective series shows that an ASA Score ≥ 3 
is an independent risk factor for AL after open total gastrectomy 
for gastric cancer. There are several conditions such as impair-
ment of the kidney function, cardiovascular disorders, diabetes, 
hypertension, and chronic obstructive pulmonary disease which 
are also integrated in the ASA classification and known to com-
promise tissue perfusion and oxygenation with consequently 
impaired anastomotic healing.17

Concerning a possible role of radiotherapy or chemotherapy 
as risk factors for AL, previous studies on patients who under-
went gastrectomy reported no increase in the AL under radio-
therapy or chemotherapy.18,19 Two other studies on patients with 
intestinal anastomosis produced partially conflicting results: 
while the first study identified preoperative chemotherapy as a 
strong risk factor for AL,20 the second study found no increase 
in leakage rate to be associated with pre- or postoperative 
chemotherapy.21 In line with the present results, the majority 
of these studies found no connection between chemotherapy  
and AL.

The present study has some limitations. First of all, it is a 
retrospective analysis which is known for bias by undetected 
confounders. Therefore, we implemented propensity score 
matching to homogenize the groups for at least basic parame-
ters such as age, gender, ASA, weight, and height. In addition to 
that, we used a multivariate analysis for the different risk factors 
for AL and AS.

Our patient collective includes some patients with UICC 
stage IV (n = 80). According to the current guidelines, these 
patients should not receive surgery since they do not benefit 
from resection and might have a higher risk for complications. 
These patients were mostly operated because of symptomatic 
tumors (i.e., bleeding or perforation) or because of macroscop-
ically not identified metastasis, for example, small local perito-
neal carcinomatosis. Nevertheless, neither the chi-quadrat test 
nor the multivariate analysis revealed any significant risk for AL 
or AS between the different UICC stages.

In summary, we found significant correlations between 
smaller stapler diameter and AL as well as AS after open total 
gastrectomy and esophagojejunostomy. Additionally, we discov-
ered an ASA score ≥3 as an independent risk factor for AL in 
these patients. These results underline the risk of postoperative 
complications posed by circular staplers with small diameter 
(≤25 mm). If possible, a larger stapler should be used to reduce 
complications. Further studies on different and larger patient 
cohorts as well as meta-analyses will be needed to corroborate 
these results.
A.M. did original draft preparation, formal analysis, data 
curation, and visualization. H.R., M.E., J.F., M.B., A.A., C.K., 
S.M., and R.G. did data curation, writing—review and edit-
ing. M.L. and M.B. did formal analysis supervision. G.F.W. 
did conceptualization, supervision; validation; writing—
review, and editing. All authors have read and agreed to this 
version of the article.

FIGURE 2. Impact of anastomotic leakage on patient survival after total gas-
trectomy (P = 0.0119). Forty-five of 391 patients had to be excluded due to 
no malignancy and or missing data for survival.

FIGURE 3. Impact of anastomotic stenosis on patient survival after total gas-
trectomy (P = 0.2007). Forty-five of 391 patients had to be excluded due to 
no malignancy and or missing data for survival.
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