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Abstract

Background Laparoscopic distal pancreatectomy (Lap-
DP) is one of the most accepted laparoscopic procedures in
the field of pancreatic surgery. However, pancreatic fistula
remains a major and frequent complication in Lap-DP, as
in open surgery. The aim of this retrospective study is to
clarify the advantages of prolonged peri-firing compression
(PFC) with a linear stapler for prevention of pancreatic
fistula after laparoscopic distal pancreatectomy.

Incidence of pancreatic fistula in
clinical levels (equivalent to grades B and C defined by the
International Study Group of Pancreatic Fistula (ISGPF))
was retrospectively compared between patients who
underwent Lap-DP with PFC (PFC group, n = 17) and
those who underwent Lap-DP without PFC (no-PFC group,
n = 25).

Results Incidence of clinical pancreatic fistula was sig-
nificantly lower in the PFC group than in the no-PFC
group. Consistent with the results for pancreatic fistula,
peritoneal drainage period and postoperative hospital stay
were shorter in the PFC group than in the no-PFC group.
Conclusions Our data show that PFC effectively prevents
pancreatic fistula and shortens postoperative hospital stay
after Lap-DP.
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Laparoscopic surgery is widely accepted in various fields
of abdominal surgery [1-5]. However, it is not yet popular
for pancreatic disease, because of anatomical difficulties,
long operating time, and high morbidity represented by
pancreatic fistula [6]. The invention of linear staplers and
other instruments has facilitated laparoscopic distal pan-
createctomy (Lap-DP) [7]. However, pancreatic fistula, the
major problem of pancreatic surgery, still remains signifi-
cant, as in open distal pancreatectomy [8, 9].

We started Lap-DP in 1998, as previously reported [10].
With improving outcomes, use of Lap-DP is now increas-
ing. Among a variety of technical refinements, prolonged
peri-firing compression (PFC) of pancreas when using a
linear stapler for severance of the pancreas seems to be
particularly important to prevent pancreatic fistula. Herein,
we demonstrate technical points of PFC and its outcome
through a historical review of our experience.

Patients and methods
Patients

Forty-eight patients underwent Lap-DP in the Department
of Surgery I, Kyushu University Hospital, Fukuoka, Japan
from 1998 through September 2009. Lap-DP was approved
by the appropriate review committee of Kyushu University
Hospital, and met the guidelines of governmental agency.
All 48 patients gave informed consent for surgical treat-
ment of their disease. One patient underwent partial pan-
creatic resection instead of distal pancreatectomy. In five
patients, Lap-DP was converted to open laparotomy; four
of the five patients were converted to open pancreatectomy
because of bleeding, and one of the five patients had
pancreas too hard to be cut by stapler and was converted to
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open pancreatectomy using nonmechanical conventional
transection method.

Lap-DP was eventually completed in 42 patients, and
these patients were historically analyzed for incidence of
pancreatic fistula.

Laparoscopic distal pancreatectomy (Lap-DP)

Lap-DP was performed as described previously [11], with
some modifications. Briefly, five trocars including a
Hasson trocar were used in right semilateral position. The
greater omentum was divided between the stomach and
the transverse colon to reach the upper pole of the spleen.
Short gastric vessels were sealed using laparoscopic
coagulating shears. After detection of the pancreatic
lesion, mostly by use of ultrasonography, the pancreas
was removed from retroperitoneum and splenic artery was
severed. Then pancreatic parenchyma and the splenic vein
were transected together. In cases of splenic-vessel-pre-
serving distal pancreatectomy, splenic artery and vein
were isolated from the pancreas, and pancreatic paren-
chyma alone was simply transected. In cases of spleen-
preserving distal pancreatectomy with excision of splenic
vessels as reported by Warshaw [12], short gastric arteries
and veins were preserved. The separated distal pancreas
was taken out through an extended incision of a trocar
site. We left a closed peritoneal suction drain in every
patient.

Peri-firing compression (PFC) method

We used an Echelon stapler (Echelon™ 60 ENDOPATH
Stapler; Ethicon Endo-Surgery, Johnson & Johnson, Cin-
cinnati, OH, USA) with green cartridge for PFC. PFC
method was performed as follows. The pancreas was
compressed directly with Echelon. After the first com-
pression, the pancreas was kept compressed for another
3 min, and then the stapler was fired. After firing, the
pancreas was kept compressed for a further 2 min. We
adopted the PFC method for Lap-DP in 17 patients from
April 2008 through September 2009 (PFC group). From
November 1998 until March 2008, 25 patients underwent
Lap-DP without PFC (no-PFC group) using Echelon or
EndoGIA (EndoGIA-IT 45-4.8 stapler; Tyco Healthcare,
Norwalk, CT, USA). In patients in the no-PFC group, we
simply precompressed the pancreas using a forceps and
cut it immediately after precompression without keeping
the pancreas compressed for 3 min, and did not compress
the pancreas after firing except for in six patients. Six
patients in the no-PFC group underwent Lap-DP with
sustained 3-min compression after finishing the first
compression with Echelon but without post-firing 2-min
compression.
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Pancreatic fistula and statistical analysis

Drains were removed when drainage amylase content
became lower than three times the upper limit of normal
serum amylase level, or when drainage almost dried up.
Diagnosis of pancreatic fistula in clinical levels, equivalent
to grade B and C defined by the International Study Group
of Pancreatic Fistula (ISGPF), were evaluated according to
the following criteria: persistent drainage (>3 weeks),
infection signs, readmission (<1 month) or fluid collection
with elevated drain amylase levels (>3 x normal serum
amylase), as described before [13, 14]. Chi-square statistics
and Mann—Whitney U-test were used to evaluate patient
characteristics and postoperative outcomes between the two
groups. Statistical significance was defined as p < 0.05.

Results
Patient characteristics

All 42 patients successfully underwent Lap-DP. Table 1
presents patient characteristics in the PFC and no-PFC
groups. There were no significant differences in terms of age,
gender, diabetes mellitus, prior abdominal operation or
spleen preservation, as presented in Tables 1 and 2. Pathol-
ogy of the resected pancreas (number of patients in the
no-PFC/PFC groups) was as follows: endocrine tumor 6/3,
insulinoma 1/0, mucinous cystic neoplasm 3/7, solid and
pseudopapillary tumor 3/2, intraductal papillary mucinous
neoplasm 3/3, chronic pancreatitis 6/0 (one patient with
pancreatitis in the no-PFC group had concomitant pancreatic
cancer), epidermoid cyst 3/0, and serous cystic neoplasm 0/2.

Pancreatic fistula

Postoperatively, seven patients (six grade B patients, one
grade C patient) in the no-PFC group developed pancreatic
fistula (28%), while no patients in the PFC group developed
pancreatic fistula (p < 0.05) (Fig. 1A) [13]. However, two
patients in the PFC and no-PFC group developed pseud-
ocysts more than 1 month after surgery. Two patients

Table 1 Patient characteristics

no-PFC PFC p-Value
(n =25) (n=17)
Age (years £ SD) 48 + 30 49 + 31 0.49
Male/female 9/16 5/12 0.91
Diabetes mellitus 2 1 0.73
Prior abdominal 3 4 0.57

operation




Surg Endosc (2011) 25:867-871

869

Table 2 Status of the spleen after distal pancreatectomy

Distal pancreatectomy  Warshaw®  Spleen and  Total

with splenectomy vessels
preserved
no-PFC 16 5 4 25
PFC 14 1 2 17

 Preservation of the spleen with excision of the splenic artery and
vein

complained of fever and lumbar back pain. Serum data
showed elevated C-reactive protein (CRP), and computed
tomography (CT) revealed a pseudocyst behind the stomach
in both patients. One patient was successfully treated by
fasting and antibiotics. The other patient underwent endo-
scopic transgastric stenting. CRP of the patient was
improved on the day after stenting, and meals were resumed
in 2 days. Including these two patients as grade B or C
pancreatic fistula, incidence of pancreatic fistula becomes
32% (eight patients, seven grade B and one grade C) in the
no-PFC group and 5.9% (one grade B patient) in the PFC
group (p < 0.05) (Fig. 1B). In the PFC group, the transected
part was the body in ten patients and the tail in seven patients;
one patient who underwent Lap-DP at the body developed
delayed pseudocyst (10%, p = 0.39), as mentioned above.

Furthermore, we compared incidence of pancreatic
fistula in relation to texture and transection position
(Table 3), with no statistically significant differences
detected in our series.

Finally, we analyzed incidence of pancreatic fistula in
relation to the staplers used in the no-PFC group. Without
the PFC method, incidence of pancreatic fistula using
Echelon 60 (13 patients) and EndoGIA (12 patients) was
23.1 and 33.3%, respectively, with no statistically signifi-
cant difference (p = 0.57).

A

p=0.017

100
90 -
80
70
60
50
40
30
20
10

no-PFC PFC

Fig. 1 Peri-firing compression prevented pancreatic fistula. A Com-
parison of rates of pancreatic fistula between the two groups. The rate
of pancreatic fistula in the no-PFC and PFC group was 28 and 0%,
respectively (p < 0.05). B Comparison of rates of pancreatic fistula,

B

Rate of Pancreatic Fistula (%)

Table 3 Incidence of pancreatic fistula in relation to pancreas con-
dition including pseudocyst developed more than 4 weeks after Lap-
DP; incidence of pancreatic fistula in relation to (A) pancreas texture
(p = 0.76), (B) transection position (body versus tail) (p = 0.55), (C)
transection position (on the SMV versus left of the SMV) (p = 0.90)

Fistula No fistula Total
(A) To pancreas texture (p = 0.76)
Hard 1 5 6
Soft 8 28 36
Total 9 33 42
Cutting position Fistula No fistula Total
(B) Transection position (body versus tail) (p = 0.55)
Body 6 16 22
Tail 3 17 20
Total 9 33 42
Cutting position Fistula No fistula Total

(C) Transection position (on the SMV versus left of the SMV)
(p = 0.90)

On the SMV 2 8 10
Left of the SMV 7 25 32
Total 33 42

SMYV superior mesenteric vein

Perioperative outcomes

Consistent with the results for pancreatic fistula, the peri-
toneal drainage period in the PFC group (5 days) was
significantly (p < 0.05) shorter than that in the no-PFC
group (11.5 days), as shown in Table 4. Median postop-
erative hospital stay was also shorter in the PFC group
(13 days) than in the no-PFC group (17 days, p < 0.05,

I fistula
p=0.043

no fistula
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including patients who developed pseudocysts more than 1 month

after surgery, between the two groups. The rate of pancreatic fistula in
the no-PFC and PFC group was 32 and 5.9%, respectively (p < 0.05)
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Table 4 Perioperative outcomes

no-PFC PFC p-Value
(n = 25) (n=17)
Drainage 37 £ 34 (12) 54+3() 0.0007*
Postoperative hospital stay 38 £ 35 (17) 20 £ 10 (13) 0.0289*
Time until first meal 27 £ 22 (7.5) 94+3(8) 0.1954

Values are mean = SD (median) days

* Statistically significant

Table 4). There were no differences in median time to meal
resumption (7.5 and 8 days, respectively, Table 4).

Discussion

We have demonstrated that our simple method was useful
for preventing pancreatic fistula in laparoscopic distal
pancreatectomy. PFC has shown clinical benefits of pan-
creatic fistula prevention, shorter drainage period, and
shorter hospital stay. However, time to meal resumption
did not show a significant difference between the two
methods. Lap-DP preserves the duodenum, which is the
main source of intestinal hormones, and the influence of
intestinal hormones on amylase secretion may be more
significant in Lap-DP than in pancreatoduodenectomy.
This is one of the reasons why resumption of regular meals
after Lap-DP is slightly delayed (8 days) in our depart-
ment. Another reason may be the method of treating
pseudocysts. When a patient has developed a pseudocyst
after drain removal, the patient is easily treated by endo-
scopic transgastric stenting. Patients with pseudocyst are
able to start meals within 2 days after placement of the
stent.

Pancreatic fistula is the most serious and frequent
complication of distal pancreatectomy in both laparo-
scopic and open methods [6]. Yamaguchi et al. [15] and
Sugiyama et al. [16] suggested that transection of pan-
creatic ductules on the cut surface of the pancreas is one
of the risks for pancreatic fistula in pancreatoenterostomy.
This mechanism was applied to the development of pan-
creatic fistula in distal pancreatectomy in a previous report
[7]. The mechanical stapling method, which is able to seal
pancreatic ductules, should be advantageous compared
with the conventional method of ligating the main pan-
creatic duct. Consistent with this hypothesis, some devices
have been reported to be effective for preventing pan-
creatic fistula in open distal pancreatectomy, i.e., the TA-
55 stapler (Tyco Healthcare) [17], GIA-80 stapler (Tyco
Healthcare) [18], Endo GIA stapler (Tyco Healthcare)
[19], and Endo SGIA stapler [7]. However, incidence of
pancreatic fistula varied, and the precise advantages of
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these devices remain controversial. Furthermore, inci-
dences of pancreatic fistula in open and laparoscopic
distal pancreatectomy are often reported to be similar
[6, 10, 20]. Our data without PFC also showed a similar
rate of pancreatic fistula to open distal pancreatectomy, as
reported previously [21]. Okano et al. [22] achieved low
fistula incidence using the Echelon 60 stapler, although
we did not detect any statistical difference between GIA
and Echelon without PFC.

The staple is a slender and sharp metallic line, not a soft
and broad cloth, and the pancreas is an extremely fragile
organ [7]. These facts suggest that parenchyma of the
pancreas easily tears with staples, which may further injure
pancreatic ductules. This mechanism may decrease the
expected effect of the mechanical stapler on distal pan-
createctomy. Our PFC method was able to flatten the
pancreas by compressing it as much as possible, preventing
injury. Consistent with our hypothesis, Morita et al. [23]
experimentally proved that pre-firing compression is useful
for decreasing the amount of tissue in intestinal anasto-
mosis using swine intestine.

Six patients in the no-PFC group underwent Lap-DP
with sustained 3-min compression after precompression
with Echelon, but without post-firing 2-min compression.
We did not experience any symptomatic pancreatic fistula
during the hospital stay after surgery without compression
after firing. However, two patients subsequently devel-
oped symptomatic pancreatic pseudocyst and needed
readmission. We estimate that these cysts were caused by
presence of sustained minor pancreatic fistula. We have
shown that the PFC group showed a significantly lower
rate of pancreatic fistula than the no-PFC group, even
when late-developing (>30 days after surgery) pseud-
ocysts are included. These facts suggest that compression
both before and after firing might be important. The
Echelon stapler has two compression mechanisms: pre-
compression and parallel compression. The parallel
mechanism compresses the pancreas during firing, and the
distance between the two jaws of the stapler becomes
shortest just after the completion of firing. The importance
of compression before and after firing may be due to this
mechanism.

In our series, we did not detect statistically significant
differences in incidence of pancreatic fistula in regard to
pancreas texture. However, one patient was converted to
open pancreatectomy because of pancreas texture too hard
to be cut by the stapler. This suggests that pancreas with
hard texture is not suitable for resection by stapler. Inci-
dence of pancreatic fistula was not significantly different
between transection of different parts of the pancreas, i.e.,
body versus tail, suggesting that the green cartridge, the
thickest of the Echelon stapler cartridges, is not too thick to
cut the pancreatic tail.
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Conclusions

The PFC method offers significant advantage in preventing
pancreatic fistula after laparoscopic distal pancreatectomy.
We are now adopting PFC in open surgery as well as in
laparoscopic surgery. Large-scale randomized study may
be needed to clearly document the advantage of PFC.
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