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Abstract:  
Objective: to study the effect of different pancreatic stump closure techniques and diameter of the main pancreatic duct on 
frequency and severity of acute postoperative pancreatitis after distal pancreatectomy.  
Material and Methods. Distal pancreatectomy was performed on 126 patients with neoplasms of body and/or tail of the 
pancreas. Patients were distributed among four groups based upon the pancreatic stump closure technique applied after distal 
pancreatectomy: group 1 (control) included the patients with isolated suturing of the main pancreatic duct in the pancreatic 
stump with its subsequent sealing by the gastrocolic omentum or hemostatic sponge; group 2 patients underwent isolated 
suturing of the main pancreatic duct in the pancreatic stump with its subsequent sealing with 2-octyl cyanoacrylate biological 
glue; group 3 patients had their pancreatic stump closure performed with endoscopic linear cutter stapler; group 4 was 
composed of the patients with external transduodenal transnasal drainage of enlarged (D>3 mm) main pancreatic duct in the 
pancreatic stump.  
Results. The occurrence of acute postoperative pancreatitis in the control group amounted to 45.8%, while, in groups 2, 3 and 4, 
the frequencies were 44.4, 9.7 and 15.0(%), correspondingly. Besides, the control group was characterized by declined 
occurrence of the moderately severe form of acute postoperative pancreatitis. Use of endoscopic linear cutter stapler and 
external transduodenal transnasal drainage of the enlarged main pancreatic duct caused lower acute postoperative pancreatitis 
frequency in the patients with main pancreatic duct in their pancreatic stumps below 5 mm in diameter.  
Conclusion. Use of proposed pancreatic stump closure techniques after distal pancreatectomy resulted in lower frequencies of 
occurrence and severity of acute postoperative pancreatitis.  
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Introduction  

Currently we observe an expansion of medical indications 
for organ-preserving interventions on pancreas in the 
patients with malignant and neuroendocrine neoplasms, 
cystic tumors and chronic pancreatitis [1]. 

Corporeo-caudal, or distal, pancreatectomies make up 
nearly one-third of all cases of pancreatic surgeries [2, 3]. 
They are performed because of malignant neoplasms, 
endocrine or intraductal mucinous neoplasms, pseudocysts 
and cystic lesions, limited parenchymal damage caused by 
destructive pancreatitis, chronic pancreatitis, metastatic 
spread from other tumors, pancreatic trauma with ductal 
injury [4], and corporeo-caudal involvement in locally 
advanced tumors of adjacent organs (stomach, colon). 

The most common and severe postoperative complication 
of pancreatic surgery is acute postoperative pancreatitis 
(APP): according to the published studies, its frequency of 
occurrence in the patients may achieve up to 50-100% [5-12]. 

The main clinical manifestations of APP include the 
dehiscence of pancreatic anastomoses or pancreatic stump, 
formation of pancreatic fistulae, abdominal and 
retroperitoneal abscesses, hemorrhages due to blood vessel 
erosion, and impairment of gastric emptying function. All of 
the above are the main causes of prolonged hospital stay and 
in-hospital patient mortality after the pancreatic surgeries [6-
14]. 

Incidence of postoperative complications after distal 
pancreatic resection remains high and may achieve 60% [2, 
15]. It is worth noting that use of various techniques to close 
and seal the pancreatic stump, as well as intake of 
somatostatin and its analogues shows no benefit in terms of 
preventing such complications [15]. Hence, the relevance of 
developing new techniques of closing and sealing proximal 
pancreatic stumps after distal pancreatectomy in order to 
prevent APP at the postoperative stage of the patient 
treatment is very high. 
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Objective: to study the effects of a diameter of main 
pancreatic duct and various techniques of closing and sealing 
the pancreatic stump after the distal pancreatectomy on 
occurrence and severity of APP. 

 

Material and methods  

From January 2010 through December 2017, we treated 
126 patients with malignant or benign neoplasms of 
pancreatic body and/or tail, or with locally advanced stomach 
or colon cancer invading the body/tail of their pancreas. All 
patients underwent corporeo-caudal (distal) pancreatectomy: 
spleen-sparing corporeo-caudal pancreatectomy, distal 
pancreatectomy with splenectomy, distal pancreatectomy 
with a gastric surgery (such as gastrectomy or proximal 
gastric resection), or corporeo-caudal pancreatomy combined 
with a radical colon surgery (transverse colon resection, left 
hemicolectomy). Among those, 29 patients (23.0%) 
underwent laparoscopy and 97 patients (77.0%) underwent 
open surgery. 

Patients were 20 to 86 years old, 54.8% of them were 21-
60 years old (employment age).  Male to female ratio was 
51:75. 

Depending on technique of resection and pancreatic 
stump closure after distal pancreatectomy, all patients were 
divided into four groups. 

Group 1 (control group) consisted of 48 patients who 
underwent isolated suturing of main pancreatic duct with 
subsequent stump closure by a greater omentum patch 
(subgroup 1.1; n=28), or by means of local sealing with a 
hemostatic sponge (subgroup 1.2; n=20). 

Group 2 consisted of 27 patients who underwent isolated 
suturing of main pancreatic duct with subsequent local 
sealing with 2-octyl cyanoacrylate biological glue 
(DermabondTM). 

Group 3 patients (n=31) had corporeo-caudal 
pancreatectomies with stump closure performed using an 
EchelonTM cutter/stapler device (Ethicon Endo-Surgery, 
Inc.). 

Group 4 consisted of 20 patients with enlarged main 
pancreatic duct (over 3 mm in diameter), who underwent 
distal pancreatectomy with external transduodenal 
transnasal drainage of a main pancreatic duct. The latter was 
subsequently sutured. 

According to the principles of perioperative risk 
prediction [11, 16], all patients were evaluated for the 
presence of APP risk factors and then stratified into two 
groups, corresponding to a high vs. moderate risk of APP 
(Table 1). 

We studied the effects of main pancreatic duct diameter 
and different techniques of pancreatic stump closure after 
corporeo-caudal pancreatectomy on APP frequencies of 
occurrence (Table 2). 

Perioperative prevention of APP was attempted in 
accordance with original algorithms [6-8, 11]. Patient groups 
were compatible in terms of conservative preventive 
measures used to avoid APP after distal pancreatectomy. 

To study the direct results of surgical treatment, all 
patients were evaluated twice: early in the postoperative 
period and at the time of their discharge from the hospital. 

Clinical, laboratory and imaging criteria for APP were 
studied and assessed by the complication severity grading 
system proposed by our team [6, 11]. 

Table 1. Stratification of the patients by the risk value of 
APP 

Patient groups 
APP risk level 

Moderate APP risk High APP risk  

Group 1 (n=48) 
abs. 15 33 

% 31.25% 68.75% 

Subgroup 1.1 (n=28) 
abs. 9 19 

% 32.1% 67.9% 

Subgroup 1.2 (n=20) 
abs. 6 14 

% 30.0% 70.0% 

Group 2 (n=27) 
abs. 7 20 

% 25.9% 74.1% 

Group 3 (n=31) 
abs. 9 22 

% 29.0% 71.0% 

Group 4 (n=20) 
abs. 4 16 

% 20.0% 80.0% 

Total  
abs. 35 91 

% 27.8% 72.2% 

Differences among the patient groups were not statistically 
significant (chi-square test); abs. – absolute numbers 

 

Table 2. Patient numbers vs. main pancreatic duct diameter 
of a pancreatic stump 

MPD 

diameter 

Patient groups 

Group 1 Group 2 Group 3 
Group 

4 

n=48, 

abs. (%) 

n=27, 

abs. (%) 

n=31, 

abs. (%) 

n=20, 

abs. 

(%) 

Under 3 mm 
30 

(62.5%)* 

18 

(66.7%)* 

20 

(64.5%)* 
- 

3-5 mm 
16 

(33.3%)* 
8 (29.6%)* 

10 

(32.2%)* 

17 

(85.0%) 

5 mm or 

larger 
2 (4.2%) 1 (3.7%) 1 (3.2%) 

3 

(15.0%) 

MPD – main pancreatic duct; abs. – absolute numbers; * – 
differences were statistically significant (p<0.05) when compared 
with group 4. 

 
Figure 1. Effect of different techniques of pancreatic stump 
closure after corporeo-caudal pancreatectomy on 
occurrence of acute postoperative pancreatitis: * – 
differences were statistically significant (p<0.05) when 
compared with group 1 (chi-square test); ^ – differences 
were statistically significant (p<0.05) when compared with 
group 2 (chi-square test). 
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Statistical analysis of the data was performed using 
“Statistica 10.0” software (StatSoft Inc., USA) for Windows. 
In order to detect statistically significant differences among 
studied groups, we used non-parametric tests (Wilcoxon test, 
Kruskal-Wallis ANOVA, Mann-Whitney U-test, chi-square 
test) with significance threshold of p<0.05 [17]. 

 

Results  

Incidence of APP after corporeo-caudal pancreatectomy 
with standard techniques of stump closure (control group) 
was 45.8% (Figure 1). 

No statistically significant difference (p>0.05) was found 
for occurrence of APP after corporeo-caudal pancreatectomy 
with a local sealing of the stump using 2-octyl cyanoacrylate 
(DermabondTM) (group 2) when compared with a control 
group; APP occurrence in group 2 patients was 44.4%. 

Use of a stapler/cutter device for the pancreatic stump 
closure after distal pancreatectomy (group 3) resulted in a 
statistically significant (p<0.05) decrease of APP occurrence 
when compared with a control group and group 2 patients. 
APP incidence in group 3 patients was 9.7%. 

Group of the patients who underwent a drainage of 
enlarged pancreatic duct after the distal pancreatectomy 
(group 4) had APP occurrence of 15.0% (p<0.05 when 
compared with a control group and group 2 patients; p>0.05 
when compared with group 3 patients). 

Control group had no statistically significant (p>0.05) 
differences in terms of APP occurrence in the patients who 
underwent stump closure with omentum patch (subgroup 1.1) 
vs. the patients with a hemostatic sponge (subgroup 1.2) after 
the corporeo-caudal pancreatectomy (Table 3). APP 
incidence in the subgroup 1.1 was 46.4% (p<0.05 when 
compared with groups 3 and 4), while in the subgroup 1.2 it 
was 45.0% (p<0.05 when compared with groups 3 and 4). 

Moderately severe forms of APP were significantly less 
common (p<0.05) in groups 2, 3 and 4 when compared with 
a control group, or with subgroups 1.1 and 1.2. Also, we 
observed significantly higher (p<0.05) occurrence of mild 
APP cases in group 2 patients compared with a control group, 
or groups 3 and 4. 

There were no severe cases of APP in groups 2, 3 and 4. 

There was no statistically significant difference (p>0.05) 
for APP occurrence among the patients with a moderate risk 
of complications after corporeo-caudal pancreatectomies 
(Figure 2). 

APP occurrence in the patients with a high risk of 
complications was 51.5% in the control group, 50.0% in 
group 2 (p>0.05 when compared with control group), 9.1% in 
group 3 (p<0.05 when compared with control group and 
group 2), and 18.75% in group 4 (p<0.05 when compared 
with control group) (Figure 3). 

Incidence of APP after corporeo-caudal pancreatectomy 
in control group patients with main pancreatic duct diameter 
below 3 mm was 40.0%, while in group 2 patients it 
amounted to 33.3% (p>0.05 when compared with the control 
group) (Table 4). 

The patients after corporeo-caudal pancreatectomy with 
MPD diameter below 3 mm in group 2 had significantly lower 
incidence of APP (5.0%; p<0.05 when compared with control 
group and group 2 patients). Also, there was a significantly 
(p<0.05) lower APP occurrence in the patients of group 3 

with a pancreatic stump MPD diameter below 3 mm when 
compared with control group and group 2 patients. 

APP occurrence in control group patients with MPD 
diameter of 3-5 mm was at the level of 56.3%, while group 2 
patients with MPD diameter of 3-5 mm had APP occurrence 
of 62.5% (p>0.05 when compared with control group) (Table 
4). 

In the group 3 patients with MPD diameter equal to 3-5 
mm, we detected a statistically significant decrease in APP 
occurrence of 10.0% (p<0.05 when compared with control 
group and group 2 patients). 

Incidence of APP in group 4 patients with MPD diameter 
of 3-5 mm was 11.8% (p<0.05 when compared with control 
group and group 2 patients). 

No statistically significant difference (p>0.05) was found 
for APP occurrence in all patient groups after corporeo-
caudal pancreatectomies if MPD diameter was above 5 mm 
(Table 4).  

 

Figure 2. Effect of different techniques for pancreatic 
stump closure after distal pancreatectomy on occurrence of 
acute postoperative pancreatitis in the patients with a 
moderate risk of complications. 

 

Figure 3. Effect of different techniques of pancreatic stump 
closure after corporeo-caudal pancreatectomy on 
occurrence of acute postoperative pancreatitis in the 
patients with a high risk of complications: * – differences 
were statistically significant (p<0.05) when compared with 
group 1 patients (chi-square test); ^ – differences were 
statistically significant (p<0.05) when compared with 
group 2 patients (chi-square test).
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Table 3. APP after distal pancreatectomy 

Patient 

groups 

 

APP 

occurrence 

APP severity 

mild moderate severe 

abs. % abs. %1 %2 abs. %1 %2 abs. %1 %2 

Group 1 

(n=48) 
22 45.8 6 27.3 12.5 15 68.2 31.3 1 4.5 2.1 

Subgroup 

1.1 (n=28) 
13 46.4 3 23.1 10.7 9 69.2 32.1 1 8.3 3.8 

Subgroup 

1.2 (n=20) 
9 45.0 3 33.3 15.0 6 66.7 30.0 0 0 0 

Group 2 

(n=27) 
12 44.4 10 83.3*^° 37.0*^ 2 16.6 7.4*^° 0 0 0 

Group 3 

(n=31) 
3 9.7*^°ᵛ 2 66.7 9.7ᵛ 1 33.3 3.2*^° 0 0 0 

Group 4 

(n=20) 
3 15.0*^°ᵛ 2 66.7 10.0ᵛ 1 33.3 5.0*^° 0 0 0 

APP – acute postoperative pancreatitis (classification and severity grading for APP was taken from [6, 11]; abs. – absolute numbers; %1 – APP 
severity distribution among the patients with complications; %2 – frequency of various forms of APP among all patients in a group. * – 
statistically significant difference (p<0.05) from control group (chi-square test); ^ – statistically significant difference (p<0.05) from subgroup 
1.1 (chi-square test); ° – statistically significant difference (p<0.05) from subgroup 1.2 (chi-square test); ᵛ – statistically significant difference 
(p<0.05) from group 2 (chi-square test). 

 

Table 4. Occurrence of APP after distal pancreatectomy vs. 
main pancreatic duct diameter in different patient groups 

MPD 

diameter 
Patient groups 

APP occurrence 

abs. %1 %2 %3 

<3 mm 
Group 1 (n=30) 12 40.0 25.0 54.5 

Group 2 (n=18) 6 33.3 22.2 50.0 

 

Group 3 

(n=20) 

 1 5.0*^ 3.2*^ 33.3 

3-5 mm 
Group 1 (n=16) 9 56.3 18.8 40.1 

Group 2 (n=8) 5 62.5 18.5 41.2 

 Group 3 (n=10) 1 10.0*^ 3.2*^ 33.3 

 Group 4 (n=17) 2 11.8*^ 10.0 66.7 

>5 mm 
Group 1 (n=2) 1 50.0 2.1 4.5 

Group 2 (n=1) 1 100.0 3.7 8.3 

 Group 3 (n=1) 1 100.0 3.2 33.3 

 Group 4 (n=3) 1 33.3 5.0 33.3 

MPD – main pancreatic duct; APP – acute postoperative pancreatitis 
(classification and severity grading for APP were taken from [6. 11]; 
abs. – absolute numbers; %1 – APP occurrence in the patients with 
this MPD diameter; %2 – APP occurrence among all patients in this 
group; %3 – APP proportion among all patients with APP in this 
group; * – differences were statistically significant (p<0.05) when 
compared with control group patients (chi-square test); ^ – 
differences were statistically significant (p<0.05) when compared 
with group 2 patients (chi-square test). 

 

Discussion  

Study of short-term results in the postoperative period 
has revealed that 45.8% of the patients who underwent distal 
pancreatectomy with a “conventional” technique of 
pancreatic stump closure develop APP, while this 
complication was most common in the high risk patients, 
according to the perioperative risk assessment [6, 11, 16]. APP 
cases of moderate severity prevailed. 

Isolated suturing of MPD within proximal pancreatic 
stump followed by a local sealing of the pancreatic stump 
with 2-octyl cyanoacrylate biological glue (DermabondTM) 
after corporeo-caudal pancreatectomy had no influence on  

 

the incidence of APP among all patients, as well as among 
high risk patients. However, it led to a greater proportion of 
mild APP cases. 

Using a cutter/stapler device to close the pancreatic 
stump after the corporeo-caudal pancreatectomy, as well as 
isolated suturing of MPD of a proximal pancreatic stump with 
subsequent transduodenal transnasal draining resulted in 
decreased occurrence and severity of overall APP, APP in the 
patients with a high risk of complications, and APP in the 
patients with MPD diameter above 5 mm. 

 

Conclusion  

Using the proposed techniques of pancreatic stump 
closure after corporeo-caudal pancreatomy led to a decrease 
in occurrence and severity of an acute postoperative 
pancreatitis. 
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