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83 [B]BEEE+ IR BT (PD) #2 BEE I % & INBEIR G 2 B3 A M id A e v, 34 CT mi{g 2 & PR i
mEEHNT A2 L2 EEZR Y 7 b = 7 VINCENT 25B% &8 /2. #ZC, VINCENT % H W CHIEEDi =25 L,
PD M4 HOHE & o BHE 2 Megt L 7z,

[R5 & 0535 20054E 1 A4 520104612 A F TOMIMIC YR B W THiAT S 17z PDERIS3FI 25T 4 & L, IR
& R o BIR & BT L 7.

[R5 L) HZE B MRAT CIZAERE, Bk FRIETEIR (soft pancreas), MIEEEE, LFIEEWNIERIEICB W THEAZED,
LA RHATIZ & 1) soft pancreas (p=0.001) 3B X O EJEERPIIEAG G = (p=0.007) A7 fE bR A 1 & 72 - 72,

[i3E] LHEEBPIIEARRG & PD MO T CH ), ZoiHNIEBEEEOFIICEHTH 5.
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IMPACT OF VISCERAL FAT DISTRIBUTION ON POSTOPERATIVE
PANCREATIC FISTULAE AFTER PANCREATICODUODENECTOMY

Takahiro Muroya, Daisuke Kudo, and Kenichi Hakamada

Abstract Background: Obesity represents an important comorbidity associated with negative surgical outcomes.
However, little information is available regarding the role of visceral fat in the development of pancreatic fistulae (PF)
after pancreaticoduodenectomy (PD).

Methods: The volume of visceral fat in 153 consecutive patients undergoing PD was measured from computed
tomography scans using software for 3-dimensional quantitative analysis. According to the International Study Group
of Pancreatic Fistula (ISGPF) criteria, patients were classified into either the PF group (Grade B or C, n = 48) or the
non-PF group (no fistula or Grade A, n = 105). The impact of the visceral fat volume on the occurrence of PF after
PD was evaluated.

Results: Univariate analysis revealed that the following factors were associated with postoperative PF formation: age
(p = 0021); male sex (p = 0.031); soft pancreas (p < 0.001); small main pancreatic duct diameter (p < 0.001); and
visceral fat volume in the upper abdomen (VEV-UA) (p=0.006). Multivariate analysis identified VFV-UA (odds ratio
[OR], 3.746; 95% confidence interval [C1], 1.445-9.716; p = 0.007) as independent risk factors for PF formation after
PD.

Conclusions: Visceral fat distribution, especially VFEV-UA, was significantly associated with the occurrence of PF after
PD.

Hirosaki Med. J. 65 :27—34, 2014
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FMFERLEMPEROM L2 XD, FAEE
BINZ WA R 2 =Lk ¥ =285
T IR B VB (PD) R DB CHIT 1 %L T~ &
WA L7z, L L a2 ot IHE D s AR
30-50% L sk e LTI I TH B, REMN
7 A BFRE T 5 EIRE X the International Study
Group of Pancreatic Fistula (ISGPF)® o 43412
D E530%E WEENTH Y, BEDfRE
BT & LCHREY, BREOBMEIL DD 7 soft
pancreas®”, MG EY, JAI &Y, @ Body
mass index (BMI) Y4357 5T\ 5.

JE i (DR AV RE At 0 R AT B & OVl i o & BF
EOEHAT L LTS TBYY, HPil
MUK T BRI T B v T
TG ICEZEZ RIZTHRT-E LTHESNT
Wah, L L, BRSBTS PRI K
N A KT T BT 2853 0% v, &
A, WRMEEMOEASIZL Y, CTHERLE
JPE N TR I 12 & BB I A o R SRR RO I EHIN S 5
ZENHEER Y 7 b 27 VINCENT (Fuyjifilm
Medical Co. Ltd., Tokyo, Japan) ASfi% S 17219,

AW D HRYiX VINCENT %2 H W EHIl L 72
WIENE G & 2% PD il & BFE (2 K133 5228 & 5Ffl
T52ETHY, BRHIBWTHIT S /215361
O PD JEBI & R RITHET 2475 72,

[3gk &HE]

- hE B

20054E 1 H 2 520104E12 H o 1 4 12 BART K 27
% 27 SR bR I B T AL 2 AM BRI B v THitiAT S 7z
PD JEFI153H 2 xR & L7z,

K GAER DO SHFLERAD O Fs, R, BMI, i
B B B R0 v MUT I 7 & ORTHT A ORE DA 1, 4y
Tl PHEEVEOE O A I8 2 AT L 72, Al P EEVE #E
BLONEERZ RO TEGTIEREL N T 7218
FIHE N L — U2 T Sh7z.

WG O ME AR T — & 251, Bl
¥ (WBC), #Y v 28k (TLC), NE 7 u
Y v (Hb), /MR (Plt), & I&EECRP, %&EH
(TP), IiE 7 V7 3 Y (Alb), BE YL E ¥

(T-Bil), Mi&7 35—+ (Amy), NEZFOE
Alc (HbAlc) #MFE L, FHliHHE & L7-.
SHREBN B\ CHTHT 2 W H 912 CT #AsAhs
AT EnTHBY, ThoHo CT Mgz v TRk
3% PRI R O FHI 2 17 - 72
M OEE & LCid, TlbeE, Mg, i

raX (H BT Sl Ar O A 1) 2 FFliHH & L7z 4
T ORI LH IR RGBT b,
WZWr A3 7 S 7z

MfgRFEE & LT, B, e, HNE
PR AE (DGE), AlEge, Mgk & v o 724l ik &
PREEIZIN A, FFT4lr A7 i 4 230 H B & 1790
H DN DIEC DA ik 2 sk & 0 A L7z

- IR D F T

WBE IR DG O FHANZ,  Ahrar 4 LIS, 6451
CT 2 ¥ % 7+ —(Somatom Definition, Siemens
Japan, Tokyo, Japan)Z& ¥ 5 mm A 5 4 & TH#
& 172 DICOM Mif% % H & 12 VINCENT LT
Plis BRI = O FHI &2 4T - 72,

VINCENT & CT Hif§2: SRR EE, 546 %
HBEIRIZRHS 5 720174 v Ehzy 7 b
w7 CThHDHY. MEEEER, KK HEEOSM
Nl 2 B Ejry i s L, CT fE-190~-30 HU @
#ipH 2 Bz THRIG, WHEIENG & LCHiliL, &2 7
A A COMBAFHN SN, REWIZHERATA AD
AR SN D 2 L2 Lk - T, IRUIAERASH
NG, B\REEALAANT ML —ZA &N, BIESLY
BHRATA AL TEFEH TBIEZ N 7.

FANIHERIE DI FIREN D AT A4 A% i, %
BEIRENDLATA A& & LT, ZOHE
D P i Wi 1 = A& b B8 PRI T i (Visceral fat
volume of the upper abdomen; VFV-UA) & B
L, GHillL7z. £7, BLXvol 254 AT
@O Wi e i TE #& (Visceral fat area; VFA) & i L
NV TOREMEFHI L7 (B 1).

- Surgical procedure

EREBIE 5 NOREEBRZA T H2MFHEICL 5T
FARDHEAT S N7z, WIBRISB W TR ¥ SHifhg
PSS, mEEE—ER, HE—2, HAL
BN AThbN sz, BEZEW A bR R
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B1 #EiCTH % X ) VINCENT % H v T Wgig I % 5t
W9 5. WIEEIHERT, B FREGEETFERRER
5 (K1A). BERBEDO A S L APSBEDO AT L AD
B E LR E %L, 2 0o NiEIR %
IS EB IR (VEV-UA) & L CTHRRE 2 5 L 72
(¥ 1B).

HllEoTiibhi, 2 KO FL— (68
mm) HIEZ2 W A58, TR 22 W W 6550 5 (2
BEESh, ARENEDLNLEVEAIZIIMNEG
HHZ iz ans.

- WA BEIE
Wi B L ISGPF @52 36° 125y, Grade A,

Grade B, Grade CIZ7p¥ 37z, $4bbH, il
%3 HHMUKICIE 7 I 7 —YIEW LR 3 %
Do 7 37 —XiEME 2 3R PRE R %2 7280
5 Dx PR L % L7, Grade Aldtrensient
fistula Td ), Fepl 2 WE % LB & ¥, Grade
B, C CIXBMMEIC X 29EIRZH L, Grade BT
EPUEWRE OB G- B L — 55l EOULE % 2
L, Grade C CTIZMMERIEISA L AL,
TR RPERHEEEZETHDDL Lz, RIFZETIE
BRRAYICHEE & b Grade B, C WU % B
EHY & L7

Z DA A BEE B LTl Clavein 478" 12
o TEFKL, Grade SV EZEPIED D & L
7z.

- Statistical analysis

W ET &2 1Y f# T 1IZPASW ver 180 (SPSS Inc.,
Chicago, IL) # IV TAT o 72, &7 — & 1L FHME
+ REHER A TR L2, W2 UL 2 BEARUR E
W&o THNT L, FEEReZERUL ¢ 2 e 2 v
THHTL, WINOMEIZBWTD p<0.05 24
BE L7z, BERBMM CHEEZROZIHAIZD
WCEET T AT 4 v 7RI X o TEHE RGN
=17\, p<00SEAEE L7, T2, LERMNT
ZATI D720, WEREERAEIT 3 5 Hk 2 Ko
E# Ay b 7EEXHET 572912 ROC Mk %
TERC L7z, H oy M 74 OREHRRERE-1) oFt
B THH EN 5 Youden Index D EARfED SR
&bf:w,zo).

[#& R]

xt GEBI 153 B D E#E O - HIZ654 % TH ),
59561 (62.1%), 2 PS8 B (37.9%) T B - 7z
43151 (28.1%) \Z i A5 REFRE 25580 D, & IMLEAE
123961 (255%) (278 bz, WREBRE LTI
B, MHAESE, T IebrlBi, b &
Vo 72 BEE RS AS135 6T H D, R #88.2%
ZhoTWiz, 72, 9061 (58.8%) 12 3B W THTHT
B LB DT STz, il e LTI G
T A7 1 BE T — 35 I ) B Ay (PpPD) %396 1 (62.7%)
THiAT S 4, 57%1(37.3%) 12 3B\ TR 72 RETA
+ ARG AT S Tz TR,
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#¢ 1 Characteristics of enrolled patients

it

Characteristics Value

Age 654 = 11.3

Sex (male/ female) 95 (62.1%)/ 58 (37.9%)
Diabetes 43 (28.1%)
Diseases

Pancreatic adenocarcinoma
Bile duct carcinoma
Ampullary adenocarcinoma
Duodenal adenocarcinoma
Galbladder adenocarcinoma
IPMN
Chronic pancreatitis
others
Preoperative biliary drainage
Operative procedures
PD / PpPD
Operative time (min)
Intraoperative bleeding (ml)
Reoperation
Complications
any complications
pancreatic fistula
delayed gastric emptying
wound infection
bile leakage
pneumonia
postoperative length of hospital stay
readmission
30-day mortality (%)
90-day mortality (%)
BMI
waist circumference (cm)
VFA (cm?)
VFV-UA (cm?)

52
53
14
3
2
15
4
10
90 (58.8%)

57 (37.3%) / 96 (62.7%)
389.9 + 916
1380.9 + 12219
3 (1.8%)

106 (69.3%)
48 (31.4%)
36 (23.5%)

14 (9.2%)
10 (6.5%)
4 (26%)
309 = 15.8

0

0

0
224 = 31
797 = 84
779 + 446

1180.8 + 735.8

IPMN; intraductal papillary mucinus neoplasms

others: adenosquamous cell carcinoma of duodenal papilla, hyperplasia of duodenal
papilla, insulinoma, pancreatic liposarcoma, pancreaticobiliary maljunction,
autoimmune pancreatitis, gastric carcinoma with duodenal invasion and pancreatic

trauma
PD pancreaticoduodenectomy

PpPD pylorus preserving pancreaticoduodenectomy

reoperation was performed due to pancreatic fistula, postoperative hemorrhage

and gastrointestinal obstruction
BMI body mass index
VFA visceral fat area

VEV-UA visceral fat volume of the upper abdomen

& OFIEHIE € 213899 £91.647, 13809 =
12219 ml TH - 7z. F 72, BMI, JEPH, VFA,
VEV-UA® -3 1l 13 & h 2 1224 £31 kg/m’,
79.7 84 cm, 779 +44.6 cm®, 1180.8 7358 cm’
Tho72(FK1).

- B PHE

xF RAEFI153 51 D 9 510661 (69.3%) LA 14 A
JEZ AW, FD 9 b Grade BB L OFC D
134861 (31.4%) 12588 5 L7z, Z Ot DGE %336

B1(235%), AlEAA1451(9.2%), HHRGRE A A4
231061 (65%), Nili 4 A% 4 B1(2.6%) TdH - 72,
W% Pk 7248 B> Tix, DGE 1641(33.3%),
A 2 61 (4.2%) 2338 b iz. Mtk Tz
WEEE L7EBNE3 Hd 0, HKE L CIEBER
JE, Aifs i, GEMEETH 72 RS
H¥UI303HTH D, WHHEILCHFIZ0%TH 72
(#1).

+ WA O fe B X - F AT



#¢ 2 Univariate Analyses

PRI IS & TR

PF group

non PF group

(n = 48) (n = 105) P

Age 68.5 + 7.2 64.0 = 125 0.021
Sex (male/female) 36/12 59/46 0.031
Diabetes (yes/no) 8/40 35/70 0.052
Benign/malignant 4/44 14/91 0.432
Preoperative biliary drainage (yes/no) 25/23 65/40 0.290
White blood cell count (/uL) 5775.0 £ 15924 5756.8 = 17414 0.949
Total lymphocyte cell count (/uL) 18274 = 4675 1614.0 = 599.5 0.031
Haemoglobin (g/dL) 13.0 = 1.7 120 = 1.6 0.064
Platelets (x10"/uL) 27.3 * 29.3 251 £ 79 0.475
C-reactive protein (mg/dL) 072 = 1.22 0.96 = 1.95 0.443
Total protein (g/dL) 7.09 = 046 6.93 = 0.67 0.133
Serum albumin (g/dL) 411 = 0.38 3.95 = 045 0.025
Total - bilirubin (mg/dL) 2.15 = 3.82 221 = 279 0.905
Direct - bilirubin (mg/dL) 1.33 = 2.96 153 + 2.34 0.601
Serum amylase (U/L) 1034 = 65.2 102.1 = 854 0.926
Haemoglobin Alc (%) 555 = 0.94 5.86 = 1.85 0.076
Operative procedure: : 14/34 43/62 0.207

(Conventional/pylorus-preserving)
Operative time (min) 374.3 = 76.2 3970 = 974 0.155
Estimated blood loss (mL) 1393.2 = 1729.6 1375.3 = 911.0 0.933
Red blood cell transfusion (yes/no) 3/45 26/79 0.007
Texture of remnant pancreas

Soft pancreas/hard pancreas 42/6 61/44 <0.001
Pancreatic duct size (mm) 31«15 48 =29 <0.001
Postoperative length of stay (day) 40.0 = 11.8 269 = 16.1 <0.001
BMI (kg/m?2) 23.08 = 3.28 22.06 = 3.00 0.060
Waist circumference (cm) 81.67 + 748 7878 = 818 0.047
VFA (cm?) 89.48 = 49.26 72.59 = 41.53 0.029
VEV-UA (cm®) 1421.7 * 724.0 1070.6 = 717.9 0.006

PF pancreatic fistulae
BMI body mass index
VFA visceral fat area

VFV-UA visceral fat volume of the upper abdomen

31

Grade B DL b JERE % 52 & 72 9 B % I 3
»H Y RE(PF#E) & L, 7% L% (non-PF#E) & @2
PR C risk factor 12 DWW TG %2175 72 (3
2).

S & T L, 4R R (p=0.021), B
(p=0.031), Ak Hi TLC(p=0.031), 4k #iIfiLi{E 7 v
72V (p=0025) IO W THEENHD SNz,

JE i L2 B b B FR AR & LTI IR R (p=0.047),
VFA (p=0.029), VEV-UA (p=0.006) D\ 33
B Z 5P L 2BV THRICEMHTH - 72
25, BMI 22N B D 8 A B L T B % % 72
DR o7z.

M ORFIZE L Cid, BEELE (p<0.001), soft
pancreas (p<0.001) ICBWTHEENHRO LN
7z

AR X > THEEZ RO LR T O

LI H 9 % ROC M 2 /E1 L 72, VFV-UA,
VFA, HEPHo AUC iZZ1h£h0638, 0602, 0.613
ThY, INOHOHFTITIVEV-UA D& D Filll
BEAEWEE 2 b7, ROC Hi#E A 5 Youden
Index'"* 2\ v N+ 7% i%E L7z (%K 3).

EHREOH WO W THARMITIC THEEZ
BOTZHHEIZOWTEET Y AT 4 v 7 g Hr
AT o 2% H, VFV-UA=14185cm® (OR:3.746,
95% C.I. : 1.445-9.716, p=0.007) & soft pancreas
(OR:7.127, 95%C.L : 2.565-19.802, p =0.001) 2% ¥
WHED M G T Th b 2 LAURSI N (&R
4).

[Z =]
2010 4F D JE A= 57 B 48 o I AL TR & (BMI=
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# 3 Optimal cut-off point for the occurrence of POPF

Cutoff point ~ AUC ~ SMeiity Specificity - Houden
VEV-UA (cm?) 14185 0.642 54.2 74.3 0.285
VFA (cm?) 1004 0.598 458 74.3 0.201
Waist circumference (cm) 84.0 0.628 479 76.2 0.241
Age 62.5 0.580 81.3 60.0 0.211
Pancreatic duct size (mm) 350 0.290 75.0 515 0.340
TLC (/uL) 1568.7 0.640 729 53.8 0.268
Serum albumin (g/dL) 3.95 0.610 70.8 476 0.185
AUC: area under the curve
VFEV-UA: visceral fat volume of the upper abdomen
VFA: visceral fat area
TLC: Total lymphocyte cell count
#% 4 Multivariate analyses
Odds Ratio 95% CI D

Soft pancreas 7127 2.565-19.802 0.001

VEV-UA > 14185 (cm®) 3746 1445-9716  0.007

Waist circumference > 84.0 (cm) 2.120 0.561-8.015 0.268

Red blood cell transfusion 1.959 0.465-8.245 0.081

TLC > 1570 (/uL) 1.870 0.460-4.598 0.381

Pancreatic duct size < 350 (mm) 1535 0.474-4.937 0.175

Serum albumin < 3.95 (g/dL) 1.388 0.458-4.206 0.562

Age > 63 (y) 1.262 0.496-3.208 0.658

VFA > 1004 (cm?) 1.243 0.438-3.524 0.683

Male 1.165 0.173-1.213 0.116

CI: confidence interval

VEV-UA: visceral fat volume of the upper abdomen

VFA: visceral fat area
TLC: Total lymphocyte cell count

25.0) DE A TN B M TIE304%, HBALHETIE
205% & ENTHEY, ZoOBESIBIEMNICH 5.
Bl U 72 IR I 1 BB AV RE T8 00 B 1 T 2
R TERNTFLE L TH%ETETEEII R
TLBbDEEZOLNS.

W5 & A 2 B BEE & O BIEIZ D W T O I
HFEAY KB TERT I BV TS AR
NTWwa2, PDICETA2HMEZPHTD 5.
Bentrem 5% 1Z BMI>30 %34 # ICU A % o f
RT-& 745 L85 L, Noun 5%1& BMI>30i3 4k
BFEREOERN T L2522 L Tw A5,
BMI R EELHRELLHER SN, ZOREMEH
LI O L L TALS ZITFANRLN TV S 25,
MeIEeH R DEE, RO ANEZE S .

AR CT BfRA S NI RE 2 514 5 2 &
MUREE 20, HAMM A2 TS & < o Pl

Wi A% (VEA) =100 cm®% M0 & £ 36 L 722,
o & 113 B A 12 B\ T VEA>100 134k 4 %
HOED fEBR T & Wi L, K 5% 1d VEA>130
7% PD i W0 5 4 BRRE D RSB F- & 72 % & s
LCTw5. VFEA IZHE SRR G % FERs 25 L
TV % 5 C BMI & 0 IE#E I PIERR I % 384 L C
WL EIWEEZDD, IBE1L AT A4 XD RO
THY, WIEENOGAIIER SN, BEENK
AR 4k % BOWE LT B b Tld v,

L0 F 4 A3 72 VINCENT T i 5 P P9 ik
PeihiEs X O PRI Z5HIL, Z 04060k
AR E o fz. FORE, PR, 4Rk
RN 5 25 2 R VOE R A 2 B § B T &
B EPREINT.

4 OB TlX Grade B, C O B8 o 38 4=
RAB1A% & BT D o 72, 2 O FE b %
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OFE L L T v, — T, Grade A
(33%) & Grade C (1.3%) ® F& A 3K v, &
Kk B2 0% B W O %6 B 3 % Grade A (19.2%),
Grade B (85%), Grade C (1.3%) & #Hits L T w
5. FAc OBEFNZB VT Grade B O BEHEFR
RPEEE 2o 7B E LT, R EREz
Bi 72 DA OGHEIE S ZTON L. KA
AR 7 R H D L s B LRI AR D
N7 T CT Z#oe L, BRI OB % 72
D72 AIIEWBIIC F L — g Lo LE
FIToTwWah, THIZX - T, iz <lX Grade
AWZHEENETHA ) HEHID Grade BIZH £
n, ke LTRSS ERS LA L2 8%
AbNA. L Lad SRR & 2 - 7258
CHNERD HNT, A OBIRN 2 HWTIZZ T A
NoMNIBDIDEEZS.

VEV-UA 7% PD i 2 B 8 o fe B K - & 72 %
HHO—2 & L TFMFHONEE A2 L3
ZZ N5, MUGEAE B CTIEAMTE A% ok L,
HRR AN 720, FEMERER] & B U C Al
ML 22 0, F 72 EHAR & IRIGHER O X B A3
X2, BEHRR A IEMEICRRRR T 5 2 L SN
5.

AR 2 O 51l PD A 2 O o F N A
HTd b, WNIEIEN O Z e Tldiia o 7 o
1) — IR A 70 & D SRR 0 IR SR AR A & A
L7253 AOEAR X ) [HE 2 RS2
179 2 & T PD it O LR %2 T % —)
EblEZOLNT
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