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ABSTRACT
Background Pancreatic fistula remains a serious complication after distal pancreatectomy, despite the development of various useful devices 
and techniques. Accordingly, the clinical benefits of closure using a stapler remain controversial. Study design We retrospectively reviewed the 
records of 50 patients who underwent open distal pancreatectomy for various diseases. For the first 20 patients, who underwent surgery from 
April 2007 to June 2012, a stapler was used to compress the pancreas before transection (the conventional transection group), whereas slow 
compression using an intestinal clamp (the intestinal clamp group) was performed for the remaining 27 patients from July 2012 to October 
2015, excluding 3 pancreatic cancer who underwent additional resection. We compared both groups for various factors. Results (one to two 
paragraphs). Ten patients in the conventional transection group developed pancreatic fistula of which five were grade B. On the other hand, only 
four patients in the intestinal clamp group developed pancreatic fistula (p = 0.03) of which only one was grade B. The median time for the patient 
to consume a meal was shorter in the intestinal clamp group than conventional resection group. Conclusions Our technique provides many 
advantages, as it is a simple, convenient, and quick technique to reduce the incidence of pancreatic fistula.
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INTRODUCTION
Pancreatic fistula (PF) remains a serious complication 

after distal pancreatectomy, despite the development 
of various useful devices and techniques. Several 
stapler techniques for the transection of the pancreas 
to reduce the incidence of PF have been reported, 
although postoperative results remain unsatisfactory. 
Moreover, the usefulness of stapler closure for distal 
pancreatectomy compared with that of hand-sewn 
closure was not proven in a randomized, controlled 
multicenter trial [1]. Accordingly, the clinical benefits of 
closure using a stapler remain controversial.

In 2012, we performed a modified transection 
approach in which a stapler was used to compress the 
pancreas. We initially compressed the pancreas through 
a slow compression technique using an intestinal clamp. 
Additionally, we caudally shifted the transection line to 
avoid capsule injury during transection. Here, we report 
that the outcomes of pancreatic closure were improved 
through our proposed techniques for transection of the 
pancreas.

PATIENTS AND METHODS
We retrospectively reviewed the records of 50 patients 

who underwent open distal pancreatectomy for pancreatic 
cancer, intraductal papillary mucinous neoplasms, 
pancreatic neuroendocrine tumors, solid pseudopapillary 
neoplasms, and resectable non-malignant tumors from 
April 2007 to September 2015 at Osaka Medical College 
Hospital (Osaka, Japan). For the first 20 patients, who 
underwent surgery from April 2007 to June 2012, a stapler 
was used to compress the pancreas before transection, 
whereas slow compression using an intestinal clamp was 
performed for the remaining 27 patients from July 2012 
to September 2015. Three patients with pancreatic cancer 
who underwent additional resection with a scalpel after 
firing of the stapler were excluded.

The drain was removed when the drain amylase level 
became lower than three times the upper limit of the 
normal serum amylase level. Clinical grading of PF was 
performed according to the International Study Group on 
Pancreatic Fistula Definition [2, 3]. A diagnosis of grade B 
or C, which are associated with a poorer clinical outcome, 
was evaluated according to the following criteria: (i) 
continuous drainage of >3 weeks, (ii) the diagnosis of 
infection, including sepsis, (iii) reinsertion of a drainage 
tube for fluid collection with an elevated drain amylase level 
more than three times the upper limit of normal amylase 
levels, (iv) the use of octreotide acetate, (v) perioperative 
re-drainage, and (vi) intravascular treatment for bleeding.

Intestinal Clamp

A ratchet-type intestinal clamp with nine teeth, as 
shown in Figure 1, was used in all procedures.
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Conventional Transection

From April 2007 to June 2012, the pancreas was 
directly compressed using one of three staplers: model 
TL 60, Echelon_ or Endo GIA_. Transection was performed 
within 20 min while maintaining compression. 

Slow Compression Using the Intestinal Clamp

From July 2012 to September 2015, slow compression 
using an intestinal clamp was performed according to the 
following method. First, the pancreas was compressed 
for 3 min using the intestinal clamp with three clicks out 
of nine clicks. Then, an additional three clicks for 3 min. 
Finally, the last three clicks were used for 3 min. After 
removing the intestinal clamp, the compression line was 
visible. After caudally shifting the transection line on the 
compression site, the stapler was fired for approximately 
1 min. During this period, either the Echelon_ or Endo GIA_ 
stapler was used.

Statistical Analysis 

Data are expressed as a mean values ± standard 
deviation and were compared using the Wilcoxon test. All 
analyses were performed using SAS version 10 software 
(SAS Institute, Cary, NC, USA). Values of p<0.05 were 
considered significant.

RESULTS

In Figure 2, conventional transection using a sausage 
as a high stress model is demonstrated (Figure 2a). 
When the sausage was transected with a stapler without 
compression with the intestinal clamp, it was deformed 
(Figure 2b–e), not only the stump, but also the capsule of 
the pancreatic remnant (arrow). In contrast, when using 
the intestinal clamp, the sausage was not deformed, but 
rather flattened by compression in a step by step manner 
(Figure 3a–c). After caudally shifting the transection line 
on the compression site (Figure 3d), the sausage was 
transected without any injuries (Figure 3e).

Figure 4 illustrates our actual clinical procedure 
based on the above theory. Patient demographics are 
summarized in Table 1. The most common indication 
for distal pancreatectomy was pancreatic cancer in 
both groups. Regarding pancreatic texture, there was no 
significant difference among patients in our series.

The incidence of PF is shown in Table 2. Ten patients 
in the conventional transection group developed PF of 
which five were grade B. On the other hand, only five 
patients in the intestinal clamp group developed PF (p = 
0.03) of which only one was grade B. The median time for 
the patient to consume a meal was shorter in the intestinal 
clamp group than conventional resection group. There was 
no significant difference in postoperative hospital stay 
between groups. 

DISCUSSION
PF is the most severe complication of distal 

pancreatectomy with an incidence of 5%–40% [4-6], 

although according to the classification of the International 
Study Group of Pancreatic Fistula, this rate is still high. 
Transection using a stapler has rapidly spread since 
Pachter [7] first reported the use of the TA-55 stapler 
(Tyco Healthcare–Covidien Ltd.) for distal pancreatectomy 
in 1979 [7]. Since then, many devices have been developed 
that differ in size and the number of rows of stapler. 
Numerous attempts using these devices, such as the GIA-
80 (Tyco Healthcare), Endo GIA_ (Tyco Healthcare), and 
Endo SGIA staplers, have been employed to prevent the 
development of PF. However, almost all attempts have 
substantially failed to decrease the incidence of PF. Also, 
many reports have addressed strategies to manage stump 
closure. A possible cause of PF can be explained as resulting 
from insufficient closure of unrecognized or unsealed 
pancreatic branches on the stump. However, Nakamura 
et al. [8] recently reported that peri-firing compression 
using a stapler in laparoscopic distal pancreatectomy was 
sufficient to prevent PF. This transection method included 
compression of the pancreas before transection to tightly 
seal the pancreatic branches on the stump, thus focusing 
on the managemsent of the stump. Our main purpose in 
conventional transection was the same; however, our 
method was unable to decrease the incidence of PF in 
our institution. Therefore, we developed the following 
hypothesis regarding the mechanism of PF after distal 
pancreatectomy in cases for which we used a linear 
stapler. First, the site of PF may not always be the stump, 
but can also be caused by the laceration of the capsule 
of the pancreatic remnant. Second, slow compression or 
gradual equal compression may prevent laceration of the 
capsule of the pancreatic remnant rather than completely 
biting the pancreas using only one action with the stapler. 
Finally, by caudally shifting the transection line, while 
maintaining compression, it may be possible to reduce 
tension on the capsule of the pancreatic remnant and to 
more tightly seal the branches on the stump. In accordance 
with the above hypothesis, we changed the compression 
method and achieved satisfactory results, which indicated 
that our procedure was sufficient to avoid deforming 
both recognized and unrecognized pancreatic ducts on 
the stump and to reduce the tension on the capsule of the 
pancreatic remnant. 

Various procedures for the surgical management of the 
stump of the pancreatic remnant have been reported. For 
example, Sudo et al. [9] reported the effectiveness of duct-
to-mucosa pancreaticogastrostomy with an incidence of 

Figure 1. A ratchet intestinal clamp with nine teeth.
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grade B and C PF of 0% and grade A PF of 29%. Similarly, 
Meniconi et al. [10] reported no cases of PF among patients 
who underwent pancreaticojejunostomy. In addition, a 
low incidence of PF was achieved in the management of 
the stump using a patch, such as the greater omentum [11] 
or the falciform ligament [12]. However, these procedures 
are relatively complicated compared with our procedure.

Compared with hand-sewn closure, stapler closure did 
not improve the rate of PF development following distal 
pancreatectomy in a randomized, controlled multicenter 

trial [1]. However, the use of a formal transection method, 
such as the procedure described in this report, which was 
certainly able to reduce the incidence of PF, may spread in 
the future.

Here, we described a new technique using an intestinal 
clamp to decrease the incidence of PF. Two important 
points of our procedure should be considered: first, slow 
compression was able to reduce laceration of the remnant 
pancreas and second, caudally shifting the transection line 
enabled us to avoid deforming the stump of the pancreatic 
remnant. Moreover, surgeons with little experience will be 
able to easily perform our technique in less time.

CONCLUSION
In conclusion, our technique provides many advantages, 

as it is a simple, convenient, and quick technique to reduce 
the incidence of PF. Also, our technique may be useful for 
patients with either a soft or hard pancreas. Of course, this 

Figure 2. (a.). The sausage is a high stress model for distal pancreatectomy 
using a stapler. (b.). We start to compress the sausage using a stapler. 
(c.). It shows completed compression and (d.). is just after firing the 
sausage. (e.). The sausage is deformed on both the side of the remnant 
pancreas and specimen.

Figure 3. (a.). The status of compression using the intestinal clamp after 
nine clicks is shown. A top-down view after removing the intestinal clamp 
is shown. (b.). The dotted line shows the centerline of the compression 
site. The solid line shows the actual transection line after shifting. (c.). 
A side view is shown. (d.). The transection line on the compression site 
was caudally shifted. (e.). No injuries were observed after firing with the 
stapler.

Figure 4. (a.). Compression using an intestinal clamp. After removing the 
intestinal clamp, the apparent compression site on the pancreas appeared. 
The white dotted line represents the centerline of the compression site. 
(b.). The white solid line indicates the actual transection line after shifting. 
(c.). The transection line on the compression site is caudally shifted when 
adjusting the stapler. (d.). No injuries were observed after transection.

 
Conventional 
transection 
(2007.4.- 2012.6.)

Intestinal clamp 
(2012.7.- 2015.9.) P value

Patient number n=20 n=27
Sex ns
  Male 13 (65%) 15 (55.5%)
  Female   7 (35%) 12 (44.5%)
Age 64.8 72.6 ns
BMI 21 20.4 ns
Indication for Ope
  Pancreatic cancer 23 (85%)
  IPMN   3 (15%)   2 (7.5%)
  PNET   1 (5%)   0 (0%)
  Pancreatitis   1 (5%)   2 (7.5%)
Pancreas texture ns
  Soft/Hard  4/16 6/21   
BMI body mass index; IPMN intraductal papillary mucinous neoplasm; 
PNET pancreatic neuroendocrine tumor; SPN solid-pseudopapillary 
neoplasm

Table 1. Patients characteristics and indications for distal pancreatectomy.

  Conventional 
transection (n=20)

Intestinal clamp 
(n=27) P value

Pancreatic fistula  10 (50%)  5 (18.5%) 0.03

 Grade A  5   (25%)  4    ns

 Grade B  5   (25%)  1 0.03

 Grade C  0  0    ns

Start to meal (days)  6.7±0.7  4.3±2.2 0.01

Hospital stay (days)  24±15 (17.5)  18±6 (17.5)    ns

Values are mean ± SD (median) days

Table 2. Postoperative results.
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new technique needs more detailed research, especially 
randomized controlled studies because the limitations of 
our study are its retrospective nature and small number 
of patients. 
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