
Abstract. Background/Aim: Although perioperative
management and operative techniques for pancreatic surgery
have improved, postoperative pancreatic fistula (POPF)
remains the major cause of morbidity and mortality following
distal pancreatectomy (DP). The purpose of this study was to
evaluate the superiority of the reinforced stapler compared to
the bare triple row stapler. Patients and Methods: A total of 93
patients who underwent DP at the First Department of Surgery
at Yamanashi University were examined. The patients were
divided into two groups according to the closure method for
the pancreatic stump; the bare triple-row stapler (BTRS) group
and the reinforced triple-row stapler (RTRS) group. The
postoperative outcomes were then compared in terms of several
clinicopathological factors between the two groups. Results:
Seven patients were diagnosed with Grade B/C POPF in this
series. The incidence of POPF in the RTRS group was lower
than that in the BTRS group (3.6% vs. 13.5%), although there
was no significant difference (p=0.077). Further detailed
analysis demonstrated that RTRS significantly reduced POPF
compared to BTRS in obese patients with a BMI >25.0 kg/m2

(p=0.038). Conclusion: Reinforced triple-row staplers may
reduce the incidence of severe POPF, especially in obese
patients with a BMI >25 kg/m2. 

Distal pancreatectomy (DP) is generally performed for
borderline or malignant pancreatic body and tail neoplasms. 

Although perioperative management and operative techniques
for pancreatic surgery have improved, postoperative
pancreatic fistula (POPF) remains the major cause of
morbidity and mortality following DP, occurring in 5-32% of
all cases (1-7) based on the International Study Group of
Pancreatic Fistula (ISGPF) criteria (8, 9). Therefore, several
surgical techniques have been evaluated to reduce the
incidence POPF.

POPF causes fever, abdominal pain, and abdominal
abscess, and sometimes develops into pseudoaneurysm,
causing lethal intraperitoneal hemorrhage. In addition, it
will increase the hospital stay and hospitalization costs. In
addition, it will delay adjuvant therapy for malignant
pancreatic tumors, which may affect the long-term outcomes
of patients.

Recently, surgical staplers are commonly used for distal
pancreatectomy. The use of staplers for closure has a lower
POPF rate than hand-sewn closure. However, the DISPACT
trial failed to confirm the superiority of stapler closure to
hand-sewn closure (3), and the incidence of POPF remains
high. Therefore, the mesh reinforced stapler is expected to
reduce the incidence of POPF. Recently, the safety of the
reinforced triple-row stapler was reported (10), but its
efficacy is controversial.

The purpose of this study was to evaluate the superiority
of the reinforced stapler compared with the bare triple row
stapler. 

Patients and Methods
Patients. A total of 93 patients who underwent DP at the First
Department of Surgery at Yamanashi University between April 2013
and March 2018 were examined. This study was reviewed and
approved by the ethics committee of the University of Yamanashi.
To reduce the incidence of POPF following DP, we introduced the
reinforced triple-row stapler for management of the pancreatic
stump. The patients were divided into two groups, the bare triple-
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row stapler (BTRS) group and the reinforced triple-row stapler
(RTRS) group, and data were collected prospectively. The clinical
characteristics and pathological examinations were collected from
electronic medical records. Among the patients included in this
study, none had a history of pancreatitis that affected the remaining
pancreas. To supplement the perioperative data, a review of the
surgical and anesthetic charts of each patient was performed. The
patient characteristics are shown in Table I. Patients were not
required to give informed consent to the study because the analysis
used anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

Surgical techniques. After dissection of the peripancreatic space, the
pancreas was divided using the bare triple-row stapler (Endo GIA™
Reloads with Tri-Staple™ Technology 60 mm; COVIDIEN, North
Haven, CT, USA) or reinforced triple-row stapler (the Endo GIA™
Reinforced Reload with Tri-Staple™ Technology 60 mm;
COVIDIEN, North Haven, CT, USA). The cartridge height of the
stapler was selected according to the thickness of the pancreatic
cutting line. The thickness of the pancreatic cutting line was
measured by intraoperative ultrasonography. A black cartridge was
used for a thickness of 11 mm or more, and a purple cartridge was
used for a thickness of less than 11 mm. The closure jaw was

clamped slowly and carefully for 5 min, and the pancreas was cut
little by little over 15 min in order to reduce damage to the
pancreatic parenchyma and then the staples were applied. The stapler
was not released immediately after firing. After removing the
resected pancreas, a closed drain was placed near the stump of the
remaining pancreas. Intraoperative data are also shown in Table I.

Perioperative management. To prevent bacterial infection, second
generation cefem antibiotics were used either intraoperatively or for 3
days postoperatively. Prophylactic somatostatin analogues were not
administered to prevent POPF. The drainage tube was removed when
the drainage fluid was clear until postoperative day (POD)3, regardless
of the amount of drainage fluid, indicating no bacterial infection. 

POPF was divided into two groups (No POPF and Grade B/C
POPF). Patients with Grade A were included in the No POPF group
because POPF Grade A is negligible due to its minimal clinical
importance (9), whereas Grade B and C are clinically important.
POPF was diagnosed according to the International Study Group of
Pancreatic Fistula (ISGPF) criteria (8). The patients were also
divided into two groups according to the closure method for the
pancreatic stump, the bare triple-row stapler group or the reinforced
triple-row stapler group, and all clinicopathological factors were
compared between these two groups. 
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Table I. Characteristics of enrolled patients and intraoperative findings.

                                                                                      Triple-row stapler (n=37)                    Reinforcement (n=56)                     Univariate analysis
                                                                                                      (n=37)                                                 (n=56)                                            p-value

Preoperative status                                                                                                                                                                                                
   Age                                                                                           66.1±2.5                                             62.9±2.0                                            0.318
   Gender (male/female)                                                                19/18                                                  18/38                                                   
   BMI (kg/m2)                                                                            22.0±0.7                                             22.1±0.5                                            0.361
   HbA1c (%)                                                                               5.9±0.1                                               6.4±0.1                                             0.052
Histopathological diagnosis                                                                                                                                                                                 
   Pancreatic adenocarcinoma                                                  16 (43.2%)                                         21 (37.5%)                                              
   IPMN                                                                                     10 (27.0%)                                          9 (16.1%)                                               
   PNET                                                                                      6 (16.2%)                                          14 (25.0%)                                              
   MCN                                                                                        1 (2.7%)                                             4 (7.1%)                                                
   SCN                                                                                          1 (2.7%)                                             1 (1.8%)                                                
   SPN                                                                                                0                                                    3 (5.4%)                                                
   Other diseases                                                                          3 (8.1%)                                             4 (7.1%)                                                
   Benign disease/Malignant disease                                            17/20                                                  30/26                                              0.477
Performed operation                                                                                                                                                                                             
   DP                                                                                                                                                                                                                       
   +Splenectomy (yes/no)                                                              28/9                                                    29/27                                              0.021
   +Lymph node dissection (D0,1/D2)                                        19/18                                                  29/27                                              0.968
   +Gastrectomy                                                                               2                                                          2                                                       
   +Colectomy                                                                                  1                                                          2                                                       
   Laparo/Open                                                                                9/28                                                    24/32                                              0.069
   Duration of operation (min)                                                 349.5±22.4                                         403.2±14.4                                          0.037
   Blood loss (ml)                                                                      686.2±84.4                                         714.1±91.4                                          0.832
   RBC transfusion (yes/no)                                                           3/34                                                     5/51                                                    
   Thickness of the Stump                                                          13.2±0.6                                             13.5±0.5                                            0.713
   Width of the Stump                                                                 31.7±1.2                                             30.1±1.0                                            0.336
POPF Grade B+C                                                                      5 (13.5%)                                            2 (3.6%)                                            0.077

BMI: Body mass index; HbA1c: hemoglobin A1c; IPMN: intraductal papillary mucinous neoplasm; PNET: pancreatic neuroendocrine tumor; MCN:
mucinous cyst neoplasm; SCN: serous cyst adenoma; SPN; solid-pseudopapillary neoplasm; DP: distal pancreatectomy; RBC: red blood cell; POPF:
postoperative pancreatic fistula; POPF is defined based on ISGPF.



Statistical analysis. Data were expressed as the mean±standard
deviation. Patient characteristics, and intraoperative and postoperative
factors between the two groups were compared using Chi-square
statistics, Fisher’s exact test, and the Mann–Whitney U-test.
Significance was defined as a p-value<0.05. The statistical analyses
were performed using SPSS version 23.0 software (SPSS Inc,
Chicago, IL, USA).

Results

Incidence of POPF. Of the 93 patients who underwent DP,
the bare triple-row stapler was used in 37 patients between
April 2013 and March 2015 (bare triple-row stapler group)
and the reinforced triple-row stapler was used in 56 patients
between April 2015 and March 2018 (reinforced triple-row
stapler group) to close the pancreatic stump. All surgeries
were performed by pancreatic surgeons with more than 15
years of experience.

There were no significant differences in patient demographics
or clinicopathological factors between the two groups. There
were also no significant differences in intraoperative findings,
including the thickness and width of the stump. Laparoscopic
surgery was performed more frequently in the reinforcement
group, but there was no significant difference. In total, 7 patients
were diagnosed with Grade B/C POPF. There were no patients
who were re-hospitalized due to late-onset POPF and there were
no postoperative deaths. The incidence of POPF in the
reinforced triple-row stapler group was lower than that in the
bare triple-row stapler group (3.6% vs. 13.5%), but the
difference was not significant (p=0.077) (Table I). No patient
developed bleeding from the pancreatic stump after surgery or
intraperitoneal hemorrhage due to POPF. 

Risk factors for POPF. The enrolled patients were classified
into two groups: the POPF Grade B/C group or no POPF
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Table II. Comparison between POPF B/C group and No POPF group.

                                                                                             Grade B/C POPF                                           BL                                     Univariate analysis
                                                                                                  (n=77.5%)                                        (n=86 92.5%)                                      p-Value

Preoperative status                                                                                                                                                                                                
   Age                                                                                           56.4±5.6                                             64.8±1.6                                            0.154
   Gender (male/female)                                                                43222                                                  32/54                                              0.077
   BMI (kg/m2)                                                                            26.8±0.5                                             22.2±0.4                                            0.003
   HbA1c (%)                                                                               5.8±0.2                                               6.2±0.1                                              0.24
Histopathological diagnosis                                                                                                                                                                                 
   Pancreatic adenocarcinoma                                                   2 (28.6%)                                          35 (40.7%)                                              
   IPMN                                                                                             0                                                  19 (22.1%)                                              
   PNET                                                                                      3 (42.9%)                                          17 (19.8%)                                              
   MCN                                                                                       1 (14.3%)                                            4 (4.7%)                                                
   SCN                                                                                                0                                                    2 (2.3%)                                                
   SPN                                                                                                0                                                    3 (3.5%)                                                
   Other diseases                                                                         1 (14.3%)                                             6(7.0%)                                                 
   Benign disease/Malignant disease                                              4/3                                                     43/43                                              0.979
Neo adjuvant                                                                                                                                                                                                         
   None/NAC/NACRT                                                                   7/0/0                                                  83/2/1                                                  
Intraoperative findings                                                                                                                                                                                         
   Performed operation                                                                                                                                                                                          
   DP                                                                                                                                                                                                                     
   +Splenectomy(yes/no)                                                                3/4                                                     54/32                                              0.303
   +Lymph node dissection(D0,1/D2)                                           5/2                                                     43/43                                              0.280
   +Gastrectomy                                                                               0                                                          4                                                       
   +Colectomy                                                                                  0                                                          3                                                       
   Laparoscopy (yes/no)                                                                  1/6                                                     32/54                                              0.227
   Tri-stapler/Reinforcement                                                            5/2                                                     32/54                                              0.077
   Duration of operation(min)                                                   427.9±44.8                                         378.1±13.2                                          0.302
   Blood loss (ml)                                                                    1084.0±242.2                                       672.0±65.8                                          0.090
   RBC transfusion(yes/no)                                                             0/7                                                      7/79                                                    
   Thickness of the Stump                                                          14.9±2.1                                             13.2±0.4                                            0.282
   Width of the Stump                                                                 34.9±2.7                                             30.4±0.8                                            0.135

POPF: Postoperative pancreatic fistula; BMI: body mass index; HbA1c: hemoglobin A1c; IPMN: intraductal papillary mucinous neoplasm; PNET:
pancreatic neuroendocrine tumor; MCN: mucinous cyst neoplasm; SCN: serous cyst adenoma; SPN; solid-pseudopapillary neoplasm; NAC:
neoadjuvant chemotherapy; NACRT: neoadjuvant chemoradiotherapy; DP: distal pancreatectomy; RBC: red blood cell.



group. As a result, the only independent risk factor for POPF
after DP in the enrolled patients was the body mass index
(BMI) (p=0.003). Age, sex, HbA1c, operative time, performed
operation, blood loss, and thickness and width of the stump
were not significant risk factors in our study (Table II).

Analysis of POPF in the high-risk group. Based on the above
results, the correlation between the clinicopathological
factors and occurrence of Grade B/C POPF was re-analyzed
in the 23 patients with a BMI >25.0 kg/m2. Nine patients
underwent DP with the bare triple-row stapler and 14
patients underwent DP with the reinforced triple-row stapler.
No significant differences in patient characteristics,
histopathological findings, performed operation, or
intraoperative findings were found between two groups. The
BMI, which is a risk factor for POPF, was slightly higher in
the reinforced group. Furthermore, the stump of the pancreas
was thicker in the reinforced group (Table III). POPF,
however, occurred in 5 patients (55.6%) for whom the bare
triple-row stapler was used, whereas POPF only occurred in
2 patients (14.3%) for whom the reinforced triple-row stapler
was used even though the overall BMI was higher in the

reinforced group. The use of the reinforced triple-row stapler
significantly reduced the incidence of POPF compared to the
use of the bare triple-row stapler (p=0.038) in the high BMI
group, as shown in Table IV.

Discussion

POPF remains a significant cause of morbidity following DP,
and is a serious complication that may lead to surgery-related
death. Several techniques have been applied in an effort to
reduce the incidence of POPF, including ligation of the main
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Table III. Characteristics of the enrolled patients in BMI high group.

                                                                                            Triple-row stapler                                 Reinforcement                            Univariate analysis
                                                                                                       (n=9)                                                  (n=14)                                            p-value

Preoperative status
   Age                                                                                           62.3±5.1                                             63.1±4.5                                            0.909
   Gender (male/female)                                                                  6/3                                                       7/7                                                0.454
   BMI (kg/m2)                                                                            26.5±0.4                                             27.9±0.6                                            0.106
   HbA1c (%)                                                                               6.0±0.4                                               6.3±0.1                                             0.431
Histopathological diagnosis                                                                                                                                                                                 
   Pancreatic adenocarcinoma                                                   4 (44.4%)                                            4(28.6%)                                                
   IPMN                                                                                      1 (11.1%)                                             1(7.1%)                                                 
   PNET                                                                                      2 (22.2%)                                            7(50.0%)                                                
   MCN                                                                                       1 (11.1%)                                             1(7.1%)                                                 
   SCN                                                                                                0                                                          0                                                       
   SPN                                                                                                0                                                    1(7.1%)                                                 
   Other diseases                                                                         1 (11.1%)                                                   0                                                       
   Benign disease/Malignant disease                                              4/5                                                      10/4                                               0.477
   Performed operation                                                                                                                                                                                          
   DP                                                                                                                                                                                                                     
   +Splenectomy (yes/no)                                                               6/3                                                       5/9                                                0.161
   +Lymph node dissection (D0,1/D2)                                          5/4                                                      10/4                                               0.458
   +Gastrectomy                                                                               0                                                          0                                                       
   +Colectomy                                                                                  0                                                          0                                                       
Laparo/Open                                                                                    2/7                                                       7/7                                                0.199
   Duration of operation (min)                                                 395.8±34.5                                         419.1±27.9                                          0.605
   Blood loss (ml)                                                                     994.3±240.2                                       530.9±128.0                                         0.077
   RBC transfusion (yes/no)                                                           3/34                                                     5/51                                                    
   Thickness of the stump                                                           12.2±1.2                                             15.4±1.0                                            0.062
   Width of the stump                                                                 31.3±3.3                                             31.4±1.8                                            0.979

BMI: Body mass index; HbA1c: hemoglobin A1c; IPMN: intraductal papillary mucinous neoplasm; PNET: pancreatic neuroendocrine tumor; MCN:
mucinous cyst neoplasm; SCN: serous cyst adenoma; SPN: solid-pseudopapillary neoplasm; DP: distal pancreatectomy; RBC: red blood cell.

Table IV. Comparison of POPF according to stump closure. 
                                                                                                         
                                        Triple-row       Reinforcement       Univariate 
                                            stapler                  (n=14)                analysis
                                             (n=9)                                              p-value

Grade B/C POPF                    5                           2                      0.038

POPF: Postoperative pancreatic fistula.



pancreatic duct (11), biological glues (12, 13) and stapler
devices (14, 15). However, the most appropriate closure
technique for the pancreatic stump during DP remains
controversial.

Stapler closure for DP has become a widely used method
because of its convenience. A recent study found that the use
of a reinforced stapler for distal pancreatectomy was safe
(10). Several studies demonstrated that the use of the
reinforcement triple-row stapler significantly reduced the
incidence of POPF compared with the use of the bare triple-
row stapler (16-20). On the other hand, there are also reports
showing no significant difference (10, 21, 22), and reports
showing that the incidence of POPF was increased (23). 

Therefore, in this study, the POPF rates following usage
of the bare stapler and reinforced triple-row stapler after DP
were compared. It was found that clinically relevant POPF
(grades B and C) occurred in 13.5% of cases following the
use of the bare triple-row stapler and in 3.6% of patients
following usage of the reinforced triple-row stapler. By using
the reinforced triple-row stapler, the incidence of POPF was
reduced to approximately a quarter compared with that
following usage of the bare triple-row stapler for DP, but no
significant difference was noted.

Several studies have reported that a high BMI is a risk
factor for POPF (5, 24-26). Indeed, in our study, BMI was
the only independent risk factor for POPF. Seeliger et al.
reported that BMI >25.0 kg/m2 was the only significant
indicator for POPF (5), and in our study, all patients with
clinical POPF had BMI >25.0 kg/m2.

Based on these data, only patients with a BMI >25.0
kg/m2 were selected and examined. As a result, the incidence
of POPF was significantly reduced in the reinforced triple-
row stapler group compared with the bare tri-stapler group.
The incidence of POPF was not considered to be significant
because low-risk patients were included regardless of the
stapler used. In other words, the reinforced triple-row stapler
was better for the high-risk group with a BMI>25.0 kg/m2.

Several risk factors for POPF have been reported,
including the thickness of the pancreatic cut and hard
pancreatic parenchyma (2, 4, 27). Conversely, there are
reports suggesting that a soft pancreas is a risk factor (28).
Moreover, a lower staple height may cause laceration or
dehiscence of hard or thick pancreatic parenchyma, whereas
a higher staple height may not seal the pancreatic
parenchyma completely, resulting in leakage or bleeding
from the pancreatic stump (20, 21, 29). Although proper
cartridge selection for pancreatic thickness is controversial,
it is suggested that intraoperative ultrasound examinations to
measure the thickness of the pancreatic cutting line are
important because they can increase accuracy. It is also
important to cut the pancreas carefully to prevent laceration
or dehiscence of the pancreas because the pancreatic cutting
line is sealed more gently.

A recent study reported that the use of the reinforced
triple-row stapler for DP was safe, but the efficacy of
reinforced triple-row staplers in reducing clinically relevant
POPF was not clarified (10). Our study suggests that stump
closure by a reinforced stapler can reduce the incidence of
clinically relevant POPF. However, the selection criteria for
cartridges based on the thickness and hardness of the
pancreas, the time and method of pre-decompression, and the
time taken to cut the pancreas are unclear. These problems
need to be solved, and a standardized method is desired to
perform pancreatic closure in DP more safely.

Conclusion

This study demonstrated that reinforced triple-row staplers
may reduce the incidence of severe POPF, especially in
obese patients with a BMI >25.0 kg/m2. 
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