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Postoperative Pancreatic Fistula after Pancreaticoduodenectomy: Toward “Zero Pancreatic Fistulas”

Takayuki Aimoto and Eiji Uchida
Surgery for Organ Function and Biological Regulation, Graduate School of Medicine, Nippon Medical School

Abstract

Pancreaticoduodenectomy (PD) is the procedure of choice for malignant disorders and
certain benign disorders in the pancreaticoduodenal region. Several modifications of the
surgical procedure have been proposed for accomplishing radical resection and for improving
of quality of life. Pancreatic fistula (PF) is a common, potentially life-threatening postoperative
complication of PD. An International Study Group on Pancreatic Fistula defined PF as drain
output of any measurable volume of fluid on or after postoperative day 3 with amylase content
greater than 3 times the serum amylase activity. This definition grades the severity of PF
according to its effect on the clinical course. According to this criterion, about 20% of patients
have PF after PD. Of these patients, 10% have grade B or C PF. Soft pancreatic parenchyma,
intraoperative blood transfusion, and postoperative bleeding are significant risk factors for PF
after PD. Conservative treatment is the treatment of first choice for PF after PD and is
extremely effective. However, some patients require additional percutaneous drainage or
surgical treatment or both. Uncontrolled sepsis and massive hemorrhage are the main causes
of death. Early aggressive interventional embolization allows later conservative management
of most patients with intraabdominal hemorrhage and prevents death. Therefore, early
recognition of a PF and prompt and appropriate treatment are critical for preventing
potentially devastating consequences. On the other hand, little has been done to evaluate the
efficacy of tissue engineering for anastomotic healing of pancreaticojejunostomy toward the
goal of “Zero PF.” We examined the effects of basic fibroblast growth factor incorporated in
gelatin  hydrogel (bFGF-GH) microspheres on anastomotic healing. Basic FGF-GH
administration can promote the rapid completion of pancreaticojejeunal anastomosis and may
help improve the quality of healing in granulation tissue by conferring potent angiogenesis and

accelerating apoptosis. Basic FGF-GH shows promise as a new technique for preventing PF.
(HAREPRIRF R SHEE 2009; 5: 193-201)
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Fig. 1b Intraoperative view after
pancreaticoduodenectomy with standard
lymphadenectomy
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A: Pancreaticojejunostomy
B: Choledochojejunostomy
C: Gastroenterostomy

D: Braun’s anastomosis

Fig. 2a The institutional standard reconstruction
(Child’s modified method)
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Fig. 2b Pancreaticojejunostomy (Kakita's modified
method)
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Table 1 Postoperative pancreatic fistula (POPF) grading

Grade A B C
Clinical condition Well Often well Ill appearing/bad
Specific treatment No Yes/No Yes
US/CT (if obtained) Negative Negative/Positive Positive
Persistent drainage (after 3weeks) No Usually Yes Yes
Reoperation No No Yes
Death related to POPF No No Possibly yes
Signs of infections No Yes Yes
Sepsis No No Yes
Readmission No Yes/No Yes/No

Blake drain®  J-VAC drainage system

Fig. 3 The Blake silicone drain has continuous channels along the sides
instead of holes. This channeled design with continuous suction
extends the drainage effect over a larger surface area.
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Table 2 Treatment, complication and mortality for PF
Blake drain Duple drain
(n=19) (n=14)
Treatment
Conservative therapy alone 19 9 P <001
Percutaneous drainage 0 4 P <005
IVR (embolization) 2 5 N.S.
Reoperation 0 5 P <005
Complication
Intraabdominal bleeding 2 P <005
Intraabdominal abscess/sepsis 0 P <005
Mortality 0 1 N.S.
N.S.: Not Significant
ol *
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bFGF-GH control

Fig. 4a The breaking strength was significantly
higher in the bFGF-GH group than in the
GH group.
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Fig. 4b  The border zone of the anastomotic site in
the GH group consisted of smaller
amounts of granulation tissue than in the
bFGF-GH group.
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Day 28

Fig. 5 The GH group on day 21 showed abundant granulation tissue with migrating
fibroblasts, inflammatory cells, and capillaries. Marked neovascularization and

dense collagen deposition were detected in both groups on day 28.

W LS A R A 2 AT @ apoptosis D BLRIA &
il L72%. bFGF-GH B TiX, Ao LM T
NI BICE <, S IR & 0 ke
R O EAMEE X 15— T TUNEL Index & &1l
Td 72" bFGF-GH B Wy & 861%, &% 42 84l
BeATHRFEMRETH B LRI Z D% O MR 72
MEAL BB O #0ifil 2 WifFc & 2Kk <H Y, bFGF-GH
e 5- DY SRR O LG R AAE L OB A S quality of
healing D H_LIZH5 T2 etk b i S 5™
SHBOBRISHICOVWTIRE S 2 M2 ET 5
B, DX L OEAD PF ORRIZO R
BEHDOEHFEL TS,

TED

PD 22 HATK & < fEbR 2 4li 4 & 0HE 2 £F 9 ik T
HBH, SHTIIREEIHEICH ELE LaL,
Grade B-C®PF 3WICHEL D20, RELD
Wi - HEPUETH D, 51 PF DL RAE K
END LB AR L 72w,

X ®

1. Howard JM: Development and progress in resective
surgery for pancreatic cancer. World ] Surg 1999; 23:
901-906.

2. Whipple AO, Parsons WB, Mullins CR:
TREATMENT OF CARCINOMA OF THE

10.

11

AMPULLA OF VATER. Ann Surg 1935; 102: 763—
779.

Whipple AO: Pancreaticoduodenectomy for Islet
Carcinoma: A Five-Year Follow-Up. Ann Surg 1945;
121: 847-852.

Child CG: Pancreaticojejunostomy and Other
Problems Associated With the Surgical Management
of Carcinoma Involving the Head of the Pancreas:
Report of Five Additional Cases of Radical
Pancreaticoduodenectomy. Ann Surg 1944; 119: 845—
855.

Cattell RB: A technic for pancreaticoduodenal
resection. Surg Clin North Am 1948; 28: 761.
Pedrazzoli S, Liessi G, Pasquali C, Ragazzi R, Berselli
M, Sperti C: Postoperative pancreatic fistulas:
preventing severe complications and reducing
reoperation and mortality rate. Ann Surg 2009; 249:
97-104.

Veillette G, Dominguez I, Ferrone C, Thayer SP,
McGrath D, Warshaw AL, Fernandez del Castillo C:
Implications and management of pancreatic fistulas
following pancreaticoduodenectomy the
Massachusetts General Hospital experience. Arch
Surg 2008; 143: 476-481.

WREFIEAD, BAAE, B EE, BT, WIH—,
WM&  AREORE T B, HAbZHER
1999; 22: 1473-1478.

Schafer M, Mullhaupt B, Clavien PA: Evidence-based
pancreatic head resection for pancreatic cancer and
chronic pancreatitis. Ann Surg 2002; 236: 137-148.
Fortner JG: Regional resection of cancer of the
pancreas: a new surgical approach. Surgery 1973; 73:
307-320.

ANER, WNEFER, B B, FRE - BE T
BT B BRSNS ; Translateral retroperitoneal
approach. [R¥DHW A 1979; 111: 339-341.



200

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

RRIEA, YRIRHE, THEE, REAE, RALE,
R &, W A, WA —, HREE  BEES
MR KIBEERNR 71 7 — T VN A 7S AR & B PIIREDEE4
TEMT. FAF 1983; 38: 1-6.

WEFIEN 5870 b a— IS KR A OHEY
HELE ORI B3 B 0F%E.  JEA 571048 HS AT FE B B
WZX W ESE K 15 FEER, 2003; pp 288-292.
Pedrazzoli S, DiCarlo V, Dionigi R, Mosca F,
Pederzoli P, Pasquali C, Kloeppel G, Dhaene K,
Michelassi F: Standard versus  extended
lymphadenectomy associated with
pancreatoduodenectomy in the surgical treatment of
adenocarcinoma of the head of the pancreas: a
muticenter, prospective, randomized study.
Lymphadenectomy Study Group. Ann Surg 1998;
228: 508-517.

Yeo CJ, Cameron JL, Lillemore KD, Sohn TA,
Campbell KA, Sauter PK, Coleman ], Abrams RA,
Hruban RH: Pancreaticoduodenectomy with or
without  distal gastrectomy and extended
retroperitoneal lymphadenectomy for periampullary
adenocarcinoma, part 2: randomized controlled trial
evaluating survival, morbidity, and mortality. Ann
Surg 2002; 236: 355-366.

NEHZESC, BFER, ROEE, HESEE @ BE
HIEOZEE LK BRI B o EB LIy
T. HALZAVEE 1998; 21: 1025-1037.

0 AWESY:S WRZETIA N4 VeI ERES
i BHEARIN RO S RRZE AT A KT 4~ 2006
4EWL. 2006; pp65-68, 4xEHI K AL

Traverso LW, Longmire WP Jr: Preservation of the
pylorus in pancreaticoduodenectomy. Surg Gynecol
Obstet 1978; 146: 959-962.

Ogata Y, Hishinuma S: The impact of pylorus-
preserving pancreatoduodenectomy on surgical
treatment for cancer of the pancreatic head. ]
Hepatobiliary Pancreat Surg 2002; 9: 223-232.

Diener MK, Knaebel HP, Heukaufer C, Antes G,
Buchler MW, Seiler CM: A systematic review and
meta-analysis of pylorus-preserving versus classical
pancreaticoduodenectomy for surgical treatment of
periampullary and pancreatic carcinoma. Ann Surg
2007; 245: 187-200.

Karanicolas PJ, Davies E, Kunz R, Briel M, Koka HP,
Payne DM, Smith SE, Hsu HP, Lin PW, Bloechle C,
Paquet KJ, Guyatt GH: The pylorus: take it or leave
it? Systematic review and meta-analysis of pylorus-
preserving versus standard whipple
pancreaticoduodenectomy for pancreatic or
periampullary cancer. Ann Surg Oncol 2007; 14:
1825-1834.

Akizuki E, Kimura Y, Nobuoka T, Imamura M,
Nishidate T, Mizuguchi T, Furuhata T, Hirata K:
Prospective nonrandomized comparison between
pylorus-preserving and subtotal stomach-preserving
pancreaticoduodenectomy from the perspectives of
DGE occurrence and postoperative digestive
functions. ] Gastrointest Surg 2008; 12: 1185-1192.
Hayashibe A, Kameyama M, Shinbo M, Makimoto S:
The surgical procedure and clinical results of
subtotal stomach preserving
pancreaticoduodenectomy (SSPPD) in comparison
with pylorus preserving pancreaticoduodenectomy
(PPPD). J Surg Oncol 2007; 95: 106-109.

McKay A, Mackenzie S, Sutherland FR, Bathe OF,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

HEERE SRS 2009; 5(4)

Doig C, Dort ], Vollmer CM Jr, Dixon E: Meta-
analysis of pancreaticojejunostomy versus
pancreaticogastrostomy reconstruction after
pancreaticoduodenectomy. Br ] Surg 2006; 93: 929—
936.

Wente MN, Shrikhande SV, Muller MW, Diener MK,

Seiler CM, Friess H, Buchler MW :
Pancreaticojejunostomy versus
pancreaticogastrostomy: systematic review and

meta-analysis. Am ] Surg 2007; 193: 171-183.

Kim JH, Yoo BM, Kim JH, Kim WH: Which method
should we select for pancreatic anastomosis after
pancreaticoduodenectomy? World J Surg 2009; 33:
326-332.

Ohwada S, Ogawa T, Kawate S, Tanahashi Y,

Iwazaki S, Tomizawa N, Yamada T, Ohya T,
Morishita Y : Results of duct-to-mucosa
pancreaticojejunostomy for

pancreaticoduodenectomy Billroth I type
reconstruction in 100 consecutive patients. ] Am Coll
Surg 2001; 193: 29-35.

Tsuji M, Kimura H, Konishi K, Yabushita K, Maeda
K, Kuroda Y: Management of continuous
anastomosis of pancreatic duct and jejunal mucosa
after pancreaticoduodenectomy: historical study of
300 patients. Surgery 1998; 123: 617-621.

AR, HPL 22, WHZEZ PR+ 38 Y bRl
WHALZ#7MEF NURSING 2007; 12: 36-39.

SFHA—, AR, AFHR, LOEE, KO f#
WEER], WA, AR, S IE BRI
® QOL DMEFER L A BHEX K. {HAL#4EE 2005;
28: 177-187.

HERE, Nk —, % H, WEKE, KOZEE,
EAREW, HH O, HEAHHR NHED, AR
Sz, mRBER, PO, NH O, HERZ, MW
#EX, HBL F o HALEVEHEBUC B A IHALE - 8
JEPIBhIR IS X3 % IVR.  HIEHRRE &5 2005,
25: 815-820.

Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo
C, Izbicki ], Neoptolemos J, Sarr M, Traverso W,
Buchler M: Postoperative pancreatic fistula: an
international study group (ISGPF) definition. Surgery
2005; 138: 8-13.

Pratt WB, Maithel SK, Vanounou T, Huang ZS,
Callery MP, Vollmer CM Jr: Clinical and economic
validation of the International Study Group of
Pancreatic Fistula (ISGPF) classification scheme. Ann
Surg 2007; 245: 443-451.

Liang TB, Bai XL, Zheng SS: Pancreatic fistula after
pancreaticoduodenectomy: diagnosed according to
International Study Group Pancreatic Fistula
(ISGPF) definition. Pancreatology 2007; 7: 325-331.
Reid Lombardo KM, Farnell MB, Crippa S, Barnett
M, Maupin G, Bassi C, Traverso LW: Pancreatic
anastomotic leakage after pancreaticoduodenectomy
in 1507 patients: a report from the Pancreatic
Anastomotic Leak Study Group. ] Gastrointest Surg
2007; 11: 1451-1458, discussion 1459.

Pratt WB, Callery MP, Vollmer CM Jr: Risk
prediction for development of pancreatic fistula
using the ISGPF classification scheme. World J Surg
2008; 32: 419-428.

Fuks D, Piessen G, Huet E, Tavernier M, Zerbib P,
Michot F, Scotte M, Triboulet JP, Mariette C, Chiche
L, Salame E, Segol P, Pruvot FR, Mauvais F, Roman



38.

39.

40.

41.

42.

43.

HEREZRE 2009; 5(4)

H, Verhaeghe P, Regimbeau JM: Life-threatening
postoperative pancreatic fistula (grade C) after
pancreaticoduodenectomy: incidence, prognosis, and
risk factors. Am J Surg 2009; 197: 702-7009.

Uchida E, Tajiri T, Nakamura Y, Aimoto T, Naito Z:
Relationship between grade of fibrosis in pancreatic
stump and postoperative pancreatic exocrine
activity after pancreaticoduodenectomy: with special
reference to insufficiency of pancreaticointestinal
anastomosis. ] Nippon Med Sch 2002; 69: 549-556.
Yeo CJ: Management of complications following
pancreaticoduodenectomy. Surg Clin North Am 1995;
75: 913-924.

Nakano H, Asakura T, Sakurai J, Koizumi S, Asano
T, Watanabe T, Otsubo T: Prophylactic irrigation
around a pancreaticojejunostomy for the treatment
of a pancreatic fistula after a
pancreaticoduodenectomy in patients with a risky
pancreatic remnant. Hepatogastroenterology 2008;
55: 717-721.

Aimoto T, Uchida E, Nakamura Y, Matsushita A,
Katsuno A, Chou K, Kawamoto M, Taniai N, Yoshida
H, Tajiri T: Efficacy of a Blake drain® on pancreatic
fistula after pancreaticoduodenectomy.
Hepatogastroenterology 2008; 55: 1796—1800.

Kawai M, Tani M, Terasawa H, Ina S, Hirono S,
Nishioka R, Miyazawa M, Uchiyama K, Yamaue H:
Early removal of prophylactic drains reduces the
risk of intra-abdominal infections in patients with
pancreatic head resection: prospective study for 104
consecutive patients. Ann Surg 2006; 244: 1-7.

Zeng Q, Zhang Q, Han S, Yu Z, Zheng M, Zhou M,
Bai J, Jin R: Efficacy of somatostatin and its

analogues in prevention of  postoperative
complications after pancreaticoduodenectomy: a
meta-analysis of randomized controlled trials.

Pancreas 2008; 36: 18-25.

44.

45.

46.

47.

43.

49.

201

Poon RT, Lo SH, Fong D, Fan ST, Wong J:
Prevention of pancreatic anastomotic leakage after
pancreaticoduodenectomy. Am J Surg 2002; 183: 42—
52.

Yeo CJ, Cameron JL, Lillemoe KD, Sauter PK,
Coleman ], Sohn TA, Campbell KA, Choti MA: Does
prophylactic octreotide decrease the rates of
pancreatic fistula and other complications after
pancreaticoduodenectomy? Results of a prospective
randomized placebo-controlled trial. Ann Surg 2000;
232: 419-429.

Dorta G: Role of octreotide and somatostatin in the
treatment of intestinal fistulae. Digestion 1999; 60
Suppl 2 : 53-56.

Buchler MW, Wagner M, Schmied BM, Uhl W,
Friess H, Z'graggen K: Changes in morbidity after
pancreatic resection: toward the end of completion
pancreatectomy. Arch Surg 2003; 138 1310-1314,
discussion 1315.

Aimoto T, Uchida E, Matsushita A, Tabata Y,
Takano T, Miyamoto M, Tajiri T: Controlled release
of basic fibroblast growth factor promotes healing of
the pancreaticojejunal anastomosis: a novel approach
toward zero pancreatic fistula. Surgery 2007; 142:
734-740.

Katsuno A, Aimoto T, Uchida E, Tabata Y,
Miyamoto M, Tajiri T: The controlled release of
basic fibroblast growth promotes a rapid healing of
pancreaticojejunal anastomosis with potent
angiogenesis and accelerates apoptosis in granulation
tissue. J Surg Res 2009; in press.

(%AF 2 20094£ 6 H 29 H)
(S22 200947 H 15 H)




