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Introduction

Despite advances in suturing techniques and surgical 
devices, there is no single method for closing and 
anastomosing the pancreatic stump to prevent 
development of postoperative pancreatic fistula 
(POPF). Among a variety of surgical techniques, 
Blumgart anastomosis (1) has become widely used as 
a safe and effective method of pancreatojejunostomy 
during pancreaticoduodenectomy (PD) (2). In distal 
pancreatectomy (DP), staple closure is the most 
common technique, especially in the minimally invasive 
setting. Hand-sewn suture closure can also be used to 
ensure adequate management of the pancreatic stump 
with closure of the main pancreatic duct (MPD) in 
complicated surgical procedures (3).
 In our previous studies, fluorescence imaging using 
a chymotrypsin-activated probe showed that pancreatic 
juice could leak not only from the MPD stump but also 
from unclosed ductal branches located in the whole 
pancreatic raw surface and pinholes made by surgical 
instruments (4,5). These findings suggested that it would 
be reasonable to extend areas of pancreatic parenchyma 
to be ligated while minimizing injuries on the pancreas, 

leading to development of a new suturing device 
consisting of three loops of suture connected to four 
small-curvature needles (three-loop suture device). The 
methods for using the three-loop suture device in PD 
and DP are herein detailed with operative outcomes.

Materials and Methods

This study protocol was reviewed and approved by the 
Institutional Ethics Review Board of The University of 
Tokyo (approval number: 2021194NI) and performed 
in accordance with the guidelines of the Declaration 
of Helsinki. Informed consent was obtained from all 
patients.

Concept and design of the suture device

Previous studies aiming to develop intraoperative 
fluorescence imaging of pancreatic juice using a 
chymotrypsin-specific probe demonstrated that 
pancreatic juice could leak not only from the MPD 
stump but also from orifices of unclosed branches 
located widely on the pancreatic raw surface and/or 
pinholes made by suturing or stapler devices (Figure 
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1A, 1B). These findings inspired the author (T.I.) to 
design a new four-needle three-loop suturing device that 
maximizes areas of the pancreatic stump to be ligated 
with a minimum number of punctures on the pancreas 
(Figure 1C).
 A prototype of this device was manufactured and 
clinically used in 2016. The updated version used in the 
present study consisted of three nonabsorbable threads 
(PTFE-coated polyester, U.S.P. 4-0 and 70 cm in length) 
and four small-curvature needles (1/5 circle and 3.0 cm 
in length). The ends of the first and second threads were 
attached to the second needle and those of the second 
and third threads were connected to the third needle, 
making three loops in a row (Figure 1D). The first and 
third threads were blue and the second thread was white, 
making it easy to differentiate the ends of each thread 
when ligated.

Use of three-loop suturing device in PD and DP

In pancreatojejunostomy during PD, the dorsal wall 
(seromuscular layer) of the elevated jejunum and 
then the pancreatic parenchyma (from dorsal to 
ventral aspects) are sutured, usually from the cranial 
to caudal side, using the four needles of the above-
described suturing device in a sequential manner. 
Following duct-to-mucosa anastomosis of the MPD, 
the ventral seromuscular layer of the jejunum is sutured 
in sequence, the needles are removed by cutting 
the threads at their roots, and the three threads are 
then respectively tied to complete the anastomosis 
following the Blumgart method (Figure 2A). The above 
procedures can be followed in either laparoscopic or 
robot-assisted surgery.
 In DP, the pancreatic stump is sutured from the 
dorsal to ventral aspects using the four needles in a 
sequential fashion, usually from the cranial to caudal 
side, before (Figure 2B) or after (Figure 2C) pancreatic 
transection. The three threads are then respectively 
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Figure 1. Design of the four-needle three-loop suture device based on fluorescence imaging of pancreatic juice. (A, B): 
Fluorescence imaging using a chymotrypsin-activated probe facilitates visualization of pancreatic juice leaking from (A) the 
whole raw surface of the pancreatic stump and (B) pinholes made by staples. (C): Device concept. In the conventional Blumgart 
anastomosis (left), pancreatic ductal branches located in the parenchyma between the ligations may remain unclosed (blue circles), 
and they can be closed with use of the three-loop suture device by maximizing the extent of ligations (right). (D): A drawing (above) 
and picture (below) of the four-needle three-loop suture device, which consists of four needles (1/5 curvature, φ0.45 mm for the 
needles "1" and "4" and φ0.6 mm for the needles "2" and "3") and three nonabsorbable threads (U.S.P. 4-0, I-III). Threads I (blue) 
and II (white) and threads II and III (green) are attached to needle "2" and "3", respectively, making three loops in a row.
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of POPF (18%, ISGPS grade B) and no device-associated 
adverse events, albeit the efficacy of this technique in 
preventing POPF should be fully evaluated by further 
comparative studies. The key factor for successful 
utilization of the three-loop suture device is to tie the 
threads gently with adequate force, feeling the texture of 
the pancreas and intestines. Too-tight ligations may cause 
ischemia of the pancreatic remnant, whereas too-lax 
threads (especially on the dorsal aspect of the pancreas) 
will lead to leakage of pancreatic juice.
 Closure of the pancreas in DP using the four-needle 
three-loop suture device has potential advantages over 
stapler-based techniques in that this procedure can be 
used in a wider range of surgical situations; e.g., when 
there is limited space for stapler insertion, a thick/
irregular pancreatic shape and fragile texture, a proximal 
transection around the pancreatic head, and the need 
to obtain intact specimens of the pancreatic stump 
for precise evaluation of surgical margins. Using this 
device for ligation of the future pancreatic remnant prior 
to parenchymal division makes the transection plane 
bloodless and ensures identification and ligation of the 
MPD, which may lead to decreasing risk of POPF in 
some particular conditions (7). The present technique can 
also be applied to coverage of the pancreas by suturing 
the pancreatic stump with mesh (8,9), the round ligament 
(10), or the seromuscular layer of the jejunum (11). 
According to a recent meta-analysis focusing on DP, 
patch closure using the round ligament led to the lowest 
incidence of clinically relevant POPF (12).

tied on the ventral surface of the pancreas. During the 
pancreatic transection, the MPD can be identified and 
ligated independently.

Results and Discussion

During November 2018 and March 2021, the four-
needle three-loop suture device was used in six PDs 
(including one laparoscopy-assisted and one robot-
assisted procedure) and five open DPs with no 
additional resections on the remnant pancreas. The 
patients' demographic background characteristics and 
operative outcomes are summarized in Table 1. Seven 
patients had a normal soft pancreas without diabetes 
mellitus or obstruction of the MPD.
 The amylase concentration in the drained abdominal 
fluids on postoperative day 3 ranged from 22 to 
17,000 IU/L (median, 2,448 IU/L). International 
Study Group on Pancreatic Surgery (ISGPS) grade B 
POPF (6) developed in two (18%) patients (additional 
percutaneous puncture of abdominal fluid in one patient 
and drain repositioning for symptomatic fluid collection 
in one patient). No adverse events associated with use 
of the three-loop suture device were encountered.
 The concept of the four-needle three-loop suture 
device is application of uniform pressure on the whole 
area of the pancreatic stump by making three ligations 
following four punctures on the pancreas. In the present 
series consisting of 11 pancreatic resections, this device 
could be used as designed with an acceptable incidence 
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Figure 2. Methods of using the four-needle three-loop suture device in PD and DP. (A): In pancreatojejunostomy during PD, 
the first needle is used to suture the seromuscular layer on the posterior jejunal wall (1a to 1b) and then the pancreatic stump from 
the posterior to ventral aspects (1c to 1d). The remaining needles are respectively used in a similar manner (2a to 2d, 3a to 3d, 
and 4a to 4d). Following duct-to-mucosa anastomosis of the MPD, the seromuscular layer of the anterior jejunal wall is sutured 
with the first needle (1e to 1f), followed by caudal anastomoses with use of the remaining three needles. Finally, the needles are 
detached and the three loop threads are respectively ligated. (B): In DP, the future pancreatic remnant is sutured from the dorsal 
to ventral aspects using the four needles respectively (1a to 1b, 2a to 2b, 3a to 3b, and 4a to 4b), usually from the cranial side 
and caudal side. After gentle ligation of the three loops, the pancreatic parenchyma is transected to identify and ligate the MPD 
independently. (C): Another use of the three-loop suture device in DP. This device can also be used to reinforce the pancreatic 
stump after parenchymal transection by suturing the pancreas, usually from the dorsal to ventral aspects, with the four needles. PD, 
pancreaticoduodenectomy; DP, distal pancreatectomy; MPD, main pancreatic duct.
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 A meta-analysis focusing on PD demonstrated that 
Blumgart anastomosis was associated with a decreased 
risk of grade B/C POPF (2). Use of the three-loop 
suture device for Blumgart anastomosis is reasonable 
because it reduces the number of pancreatic punctures 
used in conventional techniques from six to four, 
thus decreasing the risk of bleeding and pancreatic 
juice leakage due to needle trauma. The reduction of 
pancreatic punctures enabled by this device would 
also be beneficial in Blumgart anastomosis during 
laparoscopic and robot-assisted PD (13,14), although 
the current thread length (70 cm) should be shortened to 
20 to 30 cm to facilitate manipulation during minimally 
invasive procedures. Furthermore, the three-loop suture 
device may be useful in pancreaticogastrostomy using 
matless sutures (15).
 The four-needle three-loop suture device recently 
became commercially available in Japan (PANC LOOP, 
KONO SEISAKUSHO Co., Ltd., Chiba, Japan). This 
device has potential to be widely used for closure and 
anastomosis of the pancreatic stump as a safe and 
effective alternative to conventional staplers or sutures.
 In conclusion, the four-needle three-loop suture 
device can be an alternative to conventional staplers or 
sutures for closure and anastomosis of the pancreatic 
stump.

Funding: This work was supported by a grant from the 
Ministry of Education, Culture, Sports, Science and 
Technology of Japan (Grant Number 21K08681, T.I.).

Conflict of Interest: T.I. has served as a consultant to 
SONY Corporation and KONO SEISAKUSHO Co., 
Ltd., Chiba, Japan. None of the other authors have 
actual or potential conflicts of interest regarding the 
submission of this article. A part of this study was 
presented at the 32nd Meeting of Japanese Society of 
Hepato-Biliary-Pancreatic Surgery (24 February 2021).

References

1. Brennan M. Pancreatojejunostomy. In Blumgart LH, 
Fong Y, eds. Surgery of the liver and biliary tract, 3rd ed. 
Philadelphia: Saunders, 2000; pp.1073-1089.

2. Li Z, Wei A, Xia N, Zheng L, Yang D, Ye J, Xiong J, Hu W. 
Blumgart anastomosis reduces the incidence of pancreatic 
fistula after pancreaticoduodenectomy: a systematic 
review and meta-analysis. Sci Rep. 2020; 10:17896.

3. Maggino L, Malleo G, Salvia R, Bassi C, Vollmer CM Jr. 
Defining the practice of distal pancreatectomy around the 
world. HPB (Oxford). 2019; 21:1277-1287.

4. Yamashita S, Sakabe M, Ishizawa T, Hasegawa K, Urano 
Y, Kokudo N. Visualization of the leakage of pancreatic 
juice using a chymotrypsin-activated fluorescent probe. Br 
J Surg. 2013; 100:1220-1228.

5. Mori K, Ishizawa T, Yamashita S, Kamiya M, Urano 
Y, Kokudo N. Intraoperative visualization of pancreatic 
juice leaking from the pancreatic stump in a swine model. 
Gastroenterology. 2015; 149:1334-1336.

www.globalhealthmedicine.com

T
ab

le
 1

. P
at

ie
nt

s'
 d

em
og

ra
ph

ic
 b

ac
kg

ro
un

d 
ch

ar
ac

te
ri

st
ic

s a
nd

 o
pe

ra
tiv

e 
ou

tc
om

es

N
o.

  1   2   3   4   5   6   7   8   9 10 11

A
ge

 (y
) /

 S
ex

29
/F

73
/F

63
/F

74
/M

73
/F

74
/M

57
/F

83
/M

75
/M

46
/F

61
/M

F,
 f

em
al

e;
 M

, m
al

e;
 D

P,
 d

is
ta

l p
an

cr
ea

te
ct

om
y;

 P
D

, p
an

cr
ea

tic
od

uo
de

ne
ct

om
y;

 D
M

, d
ia

be
te

s 
m

el
lit

us
; M

PD
, m

ai
n 

pa
nc

re
at

ic
 d

uc
t; 

PO
D

, p
os

to
pe

ra
tiv

e 
da

y;
 P

O
PF

, p
os

to
pe

ra
tiv

e 
pa

nc
re

at
ic

 fi
st

ul
a;

 I
SG

PS
, I

nt
er

na
tio

na
l 

St
ud

y 
G

ro
up

 o
n 

Pa
nc

re
at

ic
 S

ur
ge

ry
; D

G
E,

 d
el

ay
ed

 g
as

tri
c 

em
pt

yi
ng

. * A
dd

iti
on

al
 a

bd
om

in
al

 d
ra

in
ag

e 
or

 a
dj

us
tm

en
t o

f a
bd

om
in

al
 d

ra
in

s u
nd

er
 X

-r
ay

 fl
uo

ro
sc

op
y.

D
M

 o
r M

PD
 

ob
st

ru
ct

io
n

D
M

D
M

M
PD

 o
bs

tru
ct

io
n

Pr
eo

pe
ra

tiv
e 

di
ag

no
si

s

M
uc

in
ou

s c
ys

tic
 n

eo
pl

as
m

M
et

as
ta

tic
 tu

m
or

N
eu

ro
en

do
cr

in
e 

tu
m

or
Pa

nc
re

at
ic

 a
de

no
ca

rc
in

om
a

Se
ro

us
 c

ys
tic

 tu
m

or
Pa

nc
re

at
ic

 a
de

no
ca

rc
in

om
a

Pa
nc

re
at

ic
 a

de
no

ca
rc

in
om

a
D

is
ta

l b
ile

 d
uc

t c
an

ce
r

A
m

pu
lla

ry
 c

an
ce

r
Pa

nc
re

at
ic

 a
de

no
ca

rc
in

om
a

In
tra

du
ct

al
 p

ap
ill

ar
y 

m
uc

in
ou

s n
eo

pl
as

m

Su
rg

ic
al

 p
ro

ce
du

re

O
pe

n 
D

P
O

pe
n 

D
P

La
pa

ro
sc

op
y-

as
si

st
ed

 P
D

O
pe

n 
D

P
O

pe
n 

D
P

O
pe

n 
D

P 
w

ith
 g

as
tri

c 
w

al
l r

es
ec

tio
n

O
pe

n 
PD

 w
ith

 p
or

ta
l v

ei
n 

re
se

ct
io

n
O

pe
n 

PD
O

pe
n 

PD
O

pe
n 

PD
R

ob
ot

-a
ss

is
te

d 
PD

M
ax

im
um

 a
m

yl
as

e 
le

ve
l 

in
  a

bd
om

in
al

 d
ra

in
ag

e 
on

 
PO

D
3 

(I
U

/L
)

2,
44

8
10

,9
38

4,
94

9
34

9
16

,0
00

2,
25

5
13

5
7,

02
7

20
5 22

17
,0

00

PO
PF

 
(I

SG
PS

 g
ra

de
)

B
*

B
*

O
th

er
 c

om
pl

ic
at

io
ns

D
G

E
D

G
E,

 e
pi

le
pt

ic
 se

iz
ur

e

Po
st

op
er

at
iv

e 
ho

sp
ita

l s
ta

y 
(d

ay
s)

19 12 14 9 10 22 34 28 23 18 15



Global Health & Medicine. 2022; 4(4):225-229.Global Health & Medicine. 2022; 4(4):225-229. www.globalhealthmedicine.com

(229)

6. Bassi C, Marchegiani G, et al. The 2016 update of the 
International Study Group (ISGPS) definition and grading 
of postoperative pancreatic fistula: 11 Years After. Surgery. 
2017; 161:584-591.

7. Peng YP, Zhu XL, Yin LD, Zhu Y, Wei JS, Wu JL, Miao Y. 
Risk factors of postoperative pancreatic fistula in patients 
after distal pancreatectomy: a systematic review and meta-
analysis. Sci Rep. 2017; 7:185.

8. Matsumoto I, Takeyama Y, Kamei K, Satoi S, Nakata 
Y, Ishikawa H, Murase T, Matsumoto M, Nakai T. 
Transpancreatic mattress suture with Vicryl mesh around 
the stump during distal pancreatectomy: a novel technique 
for preventing postoperative pancreatic fistula. J Am Coll 
Surg. 2016; 223:e1-e5.

9. Yoshida Y, Matsumoto I, Matsumoto M, Kawaguchi 
K, Murase T, Kamei K, Satoi S, Takebe A, Nakai T, 
Takeyama Y. Transpancreatic mattress suture with Vicryl 
mesh around the stump decreases postoperative pancreatic 
fistula after distal ancreatectomy. J Hepatobiliary Pancreat 
Sci. 2019; 26:510-516.

10. Hassenpflug M, Hinz U, Strobel O, Volpert J, Knebel P, 
Diener MK, Doerr-Harim C, Werner J, Hackert T, Büchler 
MW. Teres ligament patch reduces relevant morbidity 
after distal pancreatectomy (the DISCOVER Randomized 
Controlled Trial). Ann Surg. 2016; 264:723-730.

11. Oláh A, Issekutz A, Belágyi T, Hajdú N, Romics L Jr. 
Randomized clinical trial of techniques for closure of the 
pancreatic remnant following distal pancreatectomy. Br J 
Surg. 2009; 96:602-607.

12. Ratnayake CBB, Wells C, Hammond J, French JJ, 
Windsor JA, Pandanaboyana S. Network meta-analysis 

comparing techniques and outcomes of stump closure 
after distal pancreatectomy. Br J Surg. 2019; 106:1580-
1589.

13. Wang SE, Shyr BU, Chen SC, Shyr YM. Comparison 
between robotic and open pancreaticoduodenectomy with 
modified Blumgart pancreaticojejunostomy: A propensity 
score-matched study. Surgery. 2018; 164:1162-1167.

14. Hogg ME, Zenati M, Novak S, Chen Y, Jun Y, Steve 
J, Kowalsky SJ, Bartlett DL, Zureikat AH, Zeh HJ 
3rd.  Grading of surgeon technical performance 
p r e d i c t s p o s t o p e r a t i v e p a n c r e a t i c f i s t u l a f o r 
pancreaticoduodenectomy independent of patient-related 
variables. Ann Surg. 2016; 264:482-491.

15. T a k a h a s h i  H ,  O h i g a s h i  H ,  I s h i k a w a  O . 
Pancreaticoduodenectomy for invasive pancreatic cancer 
(with video). J Hepatobiliary Pancreat Sci. 2012; 19:100-
108.

----
Received May 17, 2022; Revised June 16, 2022; Accepted June 
28, 2022.

Released online in J-STAGE as advance publication July 7, 
2022.

*Address correspondence to:
Kiyoshi Hasegawa, Hepato-Biliary-Pancreatic Surgery 
Division, Department of Surgery, Graduate School of Medicine, 
The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 
113-8655, Japan.
E-mail: hasegawa-2su@h.u-tokyo.ac.jp


