BAG@RFEMEELE (EREITERREIIEESR)
EREEBHRARE GEBEH)

TRBRBARAIZ 1T 7o AR B

FHEEEE, HEEEE AR RE
RRARFEZEMEREE TR - ATIRGSBREAR BREEE

MREE: 3T S ro—TOREREEERBEZFHE - £ 5 5 2 T UiRE,
Tbb 1) MRROFAHEE L ) A7 RTFOBRN. 2 FHEBICRIT 2BEBREOR., B
L % 3) gPhe-HMRG e &G Ol OMREAEBEHEOBNE Lz, D TiX, IBROXF
G L U CETBROMR Z EERRREIRICRET RN E Z &, FRIRRAEE I CRET D ERE
B PR 2 2B L THE2BRTINENH D Z LAESE, 2) Tit, FiFE0O®E
EITEMETL, $TREHRESN TV AERANGESERE (BFHET—F) OXEEZHAN
% Z & T, HMRG Ok & FHRBEICMLBEREROA A —URBERETH D Z & 235
RENT, 3) TiX gPhe-HMRG ORERFTIELHRET S & & HICRBREIED - D OHK
REER L., IBRL~LDO7 o —7HEEH 2 BT 5 2 LN TE T,

A, WFFEERY E L o — 7Rl 2 BT 2 L.
AWM BEIE, FIRF IR ERRR L, TREBRETE OMEREEICRI TS
S DIRH T 2R ZERH T 2 7= D DEt ZEThd,
Tu—7EERTHIETHD, REDL
X ZE Tz, BERH O chymotrypsin & B. #FgE 5k

i L TENE BT DEY. 1. BUIBRICE T DIEIRIRHAERE VRS
glutaryl-phenylalanine hydroxymethyl EF DIREE

rhodamine green (gPhe-HMRG) % #77- 12 ) 20124 2 A 75 2013 4F 3 A £ TIZH A
F|E - AL, ZHUZ trypsin 2N L= KEFE LI B RBE CREYIRR 21T - 72 62
[XE b TV Ta—7) ZEENPDER | EMG (BEEE+ ZfEREEIER 35 B, BEKRELR
U7 TIACBAATHZ Lk v, | YIBR 2761 ZX8ic, fivel - FPET &
R O FRL L IRSIEERIR O U X 7 5El | IR & OBE 2 514 L 7=,
WNHETHD Z & 2xr L[BEITR 1], ii) FrzFEERRBORICRE L, 152 4
AEFHEOBMIZ. FE N T 7B (2006~2013) IZ W CHf BRI D34
— 7 DOIEER L SRR A 5 - £ D KL YR IZRFITOVWTHRE LT,
FCAUERE, Thbb 1) BEopy]
MIEFIC I DEERIRORAHEE L Y 27 2. FHFRIZ T 2 IREBERE OFHE
RFZHALNCT DI &2 dlA A=Y D XERN)TSTE—TOERY (K
VI FHTEEEAT O T2 D ORIGERE % M) &5 HMRG % PCR F = —7IZUTF
WSt 5 = &, 3) gPhe-HMRG 0l T2 DRETHELET 7 MAEERLE
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0,0.1, 0.3, 1.0, 3.0, 10.0 uM

i) FHEICBW T Filido Licz 7 o b
Dt U LT okt 3 ORI 247
BT BB T 7 o b AOAOS A IS
L7z (4 1),

€:{ DN
TRT A A ARG S AT RN PR
VAT A (KARL STORZ)

B D-TA B P P AT A (e
) OAZEHETE—F (380-460nm)
Ptk . 7 ¢ V4 — (515nm long-pass)
ZAEE U7 VITOM A =2—712 IMAGE 1
HD 1 AT~y ik
VAT A B VAT A AONE HMRG
WAL FH % e\ il U 7= JEE R FH B A P AR
—# 7L LED Y [BM3100G (RGBlue)
{27 4 V% — (490 nm band-pass) Z 3
oA
VATFAC: VAT A BORIGERY, K
TS AR e LT IR T U2 v A S

(a7s, SONY) (ZZ5% (515nm long-pass
T4 Tt )

(FRBABRE)
ETHAT: FIITEORIHT (FOErT) | AT
A4 CIHAT

RIFITARUT T KIFKT & o5 mUIT, MERAT

ZHAT
RIFITERUT: KT 22 TRIT, AT
ZHAT
ST RUT: RIFT 22 CRIT. BRI
AT

(B 5 15)

- IR K OMRIGEERE Sk FIN Bkt L
FETFRE L. 15cm, 30cm, 60cm D F X
D HiRE L,

iii) HOEHREE DR

- ZHEERGB E— RIZBNWTT 7 b A

WE 77 b LEFADERIC region of

-39.

interest (ROD % 5% L, 0-255 OFfifH C#t
B X DAL O A E, LT
X 912 signal-to-background (S/B) ratio
R LT

(S/B ratio) = (7 7 > b AN D YEHREE)
/(R OUOEIRE)

- HMRG i F o /NI s e 2225
(Discovery, INDEC Systems) TH 7 7

v b AR L. S/B ratio & ERC i) OF

Kby T U 7o iRfBi L & b U7z,

=1 L
st

3. gPhe-HMRGHLi% T2 0 B fjf

D EBUSRORE

- EBRER A ET A7, MERBRO g
R OSBRI EICHOWTIHRE LT,

i) EJTEO RE L

- B{EORLE TR T, BUEHROKEN
%< REARICHE Lz FETIER - 17,
-, RfmE LTEEND M) 7t m
Fi(TFADORENRETCH - 72, FDT
W, fERIEERE U,

iil) HHFEWEORE

B ETART A PRGOS & LTH
BEARTIRE T, BB ERKERETE 51k
EWERE Lz,

(B mEm ~ DB
R T — & B ROV RETCIE, BRI
WY o mEiEst (E4A5HE SR, Tk
20 7 AKIE) BLUONVUUFES
(2013 4F4ET) A #5F L CHEMm L7,

C. BFIEfER

1. PEUIBRIC 1T DRI FEAER L Y 27
K+ DIRGE

i) BREIBR 62 fE 5 (B -+ RN YIER 35 f,




AR REGIBR 27 B) (2 I6iT DTtk
FEAERIZET DA

» International Study Group of
Pancreatic Fistula ISGPF) D EZ[2]iz &
% grade B UL LOERIFR (AER THAYD
BEE5RS N L— o 2glide EONE B
[grade Bl. F 7= 3R iE-Clgias ~ 2% & 0F
LERIrCEFIRE L Ed [grade C]) OF

AR IIETE+ R EIR T 31% (11 #1) .

FEARRIERYIERT 33% (961 THor,

- Clavien-Dindo 43 38([8liz #5311 % grade 111
U BRINRER/IVR IEZET5) LA

Lot EOHEDFRAESBE L, BE+ TR

FEEIERT 11% (4 B) | BE(REEREIER T 30%
84l CThH-oTz,

» Shear wave velocity (SWV) ®FHEIZ
ESWTHEEE O S % hard pancreas

(SWV > 1.54 m/s, n = 30) & soft
pancreas (SWV < 1.54 m/s, n=32) 247

72354 . ISGPF grade B UL E D #4 e

RORBERIIBEDOFTVERICE T
(13% vs. 63%, P=0.001; Fisher’s exact

test),

i) BEERERYIRR 152 o BT DR IER

WEAERL Y 27 RFICET D RE

- ISGPF grade B UL L0 iERIR DO FRAE
% 64% (97 1) . Clavien-Dindo 4338 111
PLEDH# & OHERAZRIT 16% (25 fi)
Thole, FINEEET L,

- R BT OFE R L OMiEsx DBE#HR %
S L, itk 3B E TICBLNDEKRT
— X MO ERESHE (Clavien-Dindo
44 I L) REOU AZRFE2KD D
e DI LEET (0D RTF ¢ v 7 BER4S
¥ EIT-o7-, SEIOKRETTH, it 39/
B ofnH BiEkE > 15000/pL (v Xt
4.40; 95%fEHEXE 1.31-15.2; P=0.017;
likelihood ratio test), #fffiibody mass

-40-

index (BMI) > 25 kg/m?(3.95; 1.18-13.5;
P=0.027), 8L OWTRIIIE 7 V7 I U fE
< 3.8 g/dL (3.69; 1.23-11.6; P=0.020)73%it
SNFHIRTE LCRES L (R 1),

2. FIREIZB T 2 BREBEEOFHE

c FINEICBTAREIILTO®EY

24T, 0.8 1x

RFITH 4T, 859 1Ix

RIIT 2 RAT, 1,800 Ix

EEZIT RUT, 45,300 1x
VAT LAAREDT 7 N AOBRERER
2K 2179, FiiELE 15em OFE S5
ERANRE S AT A2 AWTIRE L
A, FINERAOLSMET T T HMRG #
E 10.0,3.0, LOpM OH > TN TV £=
Z— P TCHBTE, RFTERITBIT
2RI OBRETHHMRGEESOUM £ T
T — ECHRABTE RN, BEITATT
WX HMRGEE 10.0 uM OH > 7LD
O ENCRB#HTRE TH o, VAT LAA%R
R, 2ET TICRE R 2 TR %
1179 & IREHEE 15cm, 30cm T HMRG
BEE 10.0,3.0, 1.0 uM OH > 7B TV £
=H— ETHEBTEN, TREEE 60cm
TiXHMRG BE 1.0 M 0% 7 /L3GR
FREEE L Ao T,

- JtR 4 HMRG B iCEa@ifb Lic v 27
LB #ZRAWT, FiFE 30cm OFE I NH T
7 NAERE LN, TVE=F—IZE
FBREY U TINERBOFEL, VAT LA
ERWERGERLD O —BEREELL/ERT
otz (R3EF F5), T748bbH, &
ST CIEHMRGIEE 10.0 BEL V3.0 oY
VTN, RIATHERITE LR R OR
Gl HMRG BE 10.0 uM O H > 7LD
HE =g — ETHERREL o712,

- RfpEEE & UTHREATIRE ISR b LeT ¥




NI AT RN 2T A C &, T
i 30cm D7 7 F AERET D L
THFE M ST T Ciday b — L&k
<EToH 7 (HMRG #EE 10.0, 3.0,
1.0, 0.3, 0.1 uM) D34 TRl ATHE Cd
ol (3 4FN) . RIFATANRUT, RRlkT
DEEE T ¢k, HMRG 4% 10.0, 3.0 uM
DY TP WK TR T HMRG
BEIE 10 M DY > PN D HB X 17, =
DORRTIE D A T 0 ISO K A A — ¥
B UTHGE Lizd, fonizmifgit> «
)4 — (515nm long-pass) % TR
TRBEINDTR EZE—F LT,

c VAT A C RV, FERIASETT

W2 ISOJJE # 255 L (exposure time, 4ms) .

FliE 30cm h> HRRE L7oRE R A1 4 1278
T, ISO EREE 128,000 8z 5 & | febili
W HMRG B (0.1 pM) O > F VR
WTTHE & Tp o 72, HMRG $ix52 A o0/ il
el E2dkiE (Discovery) % AV TH HMRG
PEEE 0.1 uM D> 7 LA FTREC b -
7275, exposure time }J 75ms & L7z,

- BB SIFIZBIT D S/B ratio 4 L%
517579, Full color e CIIHEEFAEH
5< 725 & HMRG O#ELS O E DI
EbLEH SN D78, S/B ratio W4T Lb
Wi _ iR BV v TV OEREME & —Bd
50Tk (RRIC ISO BE % L7z
La. WIEREIX LR T8 B ROV TS
bty ERT A7 S/B ratio 1xir LAKT
T5), YT ORGRMEN S/B ratio 2
PLEOFHAME & 13§ —F LT,

3. gPhe-HMRGH & T2 DEE (i

D MEBERORE

- EBRBICOWTHRET L, REVES R E
ZEMUI, £, BREFEORE LIZE
HL, aElEFEE RE LK,
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i) RO WE L

- gPhe-HMRG X, "FHESMF T Cltida ks
LD Ebhnolo, fibiEc X0 R
% O & C MR R VRS O [allE X OV TFA 0
BREMNFHEE 22572,

i) IR OWE

- Fmoc-HMRG - 1/2 fiifgid, fide LT
HHERSWHRECH O . HIEWE & L GRIERT
fE& B x bz,

D. &%

MEEEIERIC 31T DI R e U R 7
NFolEt) cidk, £ 374 ERGE L72ER]
CEIARERIERIR 0O B VX PESR-- — Ha5ren
Bk & PR R EBBIER CIRIEFE T o 7223,
HEAPHE (Clavien-Dindo 4338 grade 111
PAL) oOFAEFITHAE T 3 (FRLE RV ME
Wb oTo, Fio, WEEEOM S % hard
pancreas & soft pancreas (20T 5 &
BRI OFAEFIIHFT DOF N 5 ER
EEEThol, b b
Bk & AR R EREIBR CIE T 71k - FIfREE
DRESERDZELEEBETDHE, FEH
V7o Tu—7 0ret - Aot E
T HIRER I, FEWTR O P AN C R
FEOB—NE Y LT WEEEE IR Z 4
POFMBITRET HXETHDHEERL BN
7z Elo. RBROBIII R 2 EF IR
5. ERITEFEEmECRIET S,
72 EOFEPRD b D,

Flo, WNREBEERRBEEIRICIRE L7285
A IRIOFEIREE & IR OF SN EE
WHREIHERED Y ZZRFLRVED T
EBRENTZ, B, FENY ST
— 7 OHENEE R 2 BRARRER % FHE 5
HEICIE, B2 BRI OWTEE T 5 ME
B D, IRBAEIORTTiX, ISGPF F#E
W2 DHTEEER K L— 2 H D amylase &



EIIRBEHED Y AT L LTRES
Nigh o7z, Amylase [IRREE CTOFHANE
DL INTNWB70, % BEERROZET
EHEL L TESHWLILTWSD, FESRE
B CTH D amylase B IERSHHEDFHEE
W Db Tidie < BERT OB a5 REE
F @ surrogate marker [ZIBE 2V BV D
REEHH A1), AEBRE L THHEEA A
— U T EA L. BERF D chymotrypsin
EEEFIR L CORRRERHET 50 TH
Y . amylase fHZ E4E L U (RO FERTR
Bl L v b IERERRENEL LCRIATE S
AIREMEN B B,

[ FTRIZIIT D IRBERE O T
FATE ORI 2 2T U, BRICIRER
REHOERANGEEE (BRELE—
R) #HWT, KIRE (1.0 uM) © HMRG
% PINBEOXFEIZ A2 572\ & & (30em)
DO TE S Z ERENT, KT E
FITT5 L, HROW D SRR FIR
BIERITH Z e N TE DIRE
BEEO HMRG I Sz o7z,
BT 2 RT3 25 & BEiEED HMRG

(10 uM) DOFTFHBHETH -7,

EFAZEE (BRZOCE—F) OMFRK
£ (380-460nm) X HMRG Db &

(490nm) LV bEWEH, KEOHEE
BB L TR Z21T-> 7228, HMRG Of
AHESEINRD T A I—E“W)Tﬁ?\f“ﬂi\
FRFINBTF CHEMTIZE2EBE
EPRE FTREZR KPR - N — &7w¢ﬁ
HEE 2 -3, LED OXER 1 4 N
BERWHIERAGZEEBEOKE LY HIE
WZ EDBFRETHDHRRENEN H D,

—F. R—& 7N LED HIRIERE % A
Th, MEEBEORE LM ESES IS0
R 128,000 BL E) = & T, FiTEROMRHA

BET DA,

.42.

EVHIT U2 BREE T CTRIKEE (0.1 pM)
@ HMRG #[FE L., 2> OFiEEic+5

REREFHH LG EBREINT, BE
WL VRN, ARIZ L 2REPTBIZE DR
BT IS0 128,000 Y & E X LT WD,
HIRBAE THON LR ZEBICHR LE
Bl 5 2 LR TH LN, SEIORK
ATREITTICT7 AV F—%HE LAIRT
77y b AEBELULFTRIZ, ISO FKE
128,000 THRE INTZEFEHE R ﬁzbto
ISOEA A Z &3, BEfREIck
% exposure time % 4HE L. ?Tf’ﬁf’(“iﬁ&b 6
hND 7 vobl Bz R 2 7-Icf
FlTHs, Hlzid, HMRG B & b
SNTeA A= —ZEHNT, 0.1 uM D
HMRG % i3 %1213 75ms @ exposure
time 23BN, ISO BEE 128,000 12 &
BT TH VI A THRE D exposure time i
HTh dms THoT,

AEIOBRECIE, S/B ratio 3% 2 UL E
b, 74 F—EBELI-ARBEEL
IETVE=4—ETH U LERBETED
T EMRENTe, HOLIRE ORIEFIEITE
RBEN, BEENT TN ERCZEED
BEtch, TNV Tr—TEHAN
THEEWTR D DR 2 ER S HR S, &
TR BERIR E k7= L7 B2 ik, BEgRO
D S/Bratio 3B LE 2L ETH- T

(X6, [1]), BN TEE Y S
va—7 L RS EOG LTINS
HMRG DREE, BEROE LT T2
BEEROERAREESE (chymotrypsin) &
P L BB LT 570D, HMRG BE
W6 LIRIGEEBIC EOREDO#IHREZ iz
DI EDPERRIICEETH D0, Hiseht
FETHLNZTDNENRD D,

[gPhe-HMRG & TROEfH | TiL,



gPhe-HMRG DR J k%4 Wi 4= & ¢,
FE L ORI % K I 0 b BIIGIRE TR R
WA TE L AR UL, 4%, &6
m%”%%%mkﬁﬁﬁ7\%%&mzt

it\ﬁﬁﬁéﬁmféhw@ﬁmﬁ
%ﬁmbtoﬁﬁﬁ LIRS o
7mw7fﬁ@H%O<é EINTCEIZ,

E. f&i

AT SN DR T, AR B YR
%%k#é&&m%ibwo

Wz o Tk, BEEIRD 5V 3
BHEDR - & U Tl 0 S8 RIEC LT O
A IE R DRI DWW THERET 5
WD D,
- AREARCFIH B0k E LT, BECTiIR
STV EFANGEEBE LWL Z &
NTED,
s T 4 VHF =l L HIRBIE T, Rl
E DI % 2MIT L7 BB CIRIRE O
HMRG %, SPATHRIAT (LTI
ThEEED HMRG 2385 Th 5,
- IEEBE T 7 & CIREROB A A=
7% TV ®=4— ECHoiciiitid 5729
IR EEE OW RS LETH D, FIFRE
FEOR#E{L, b AT ORKREDOKIEZE i
LV, FEEC S RERENELND
RIREMEDR & B,
- gPhe-HMRG OB HUE B HEE LTz, &
FHEGETROGENAK b, EmEORR
Y% 22 ERN AR T B IR DS B i S vz,

F. BEEEfalRfER
BAP

G. WFgERE
1. FW3UHERER
+ Harada N, Ishizawa T, Inoue Y, et al.

Acoustic radiation force impulse imaging
of the pancreas for estimation of
pathologic fibrosis and risk of
postoperative pancreatic fistula. J Am
Coll Surg 2014;219:887-894.

Mf‘.:"%éi\(
SRR, AU, IR, . A
JEHBIERIC IS D TRIRNERE K L— o

el & R E O PG, 2 69 |
HATHILSAA R it s — R,

- APGRTE . MRS, B R fl. T
g, NEAE, ERIR 2R3 Dk A
A=V 7 R N EGRIG T 5 5. 86
69 [E] B A basst R aits o R
Ty b HbESRNC I T DRI - 1R
DA N—=a .

- Ishizawa T, Urano Y, et al. Application
of ICG fluorescence imaging to
laparoscopic HPB surgery. 34th
Annual Meeting of the Korean Society
of Endoscopic & Laparoscopic
Surgeons and 2014 International
Symposium. April 24-25, 2014. Seoul,
Korea.

+ Ishizawa T. Mechanistic background
and clinical applications of
indocyanine green fluorescence
imaging of hepatocellular carcinoma.
28th International Congress and
Exhibition of Computer Assisted
Radiology and Surgery. June 25-28,
2014. Fukuoka, Japan.

- Ishizawa T. Update of application of
fluorescence in HPB surgery. 6th
Annual Worldwide Congress of the
Clinical Robotic Surgery Association.
Oct. 23-25, 2014. San Francisco, US.



- Ishizawa T, Urano Y, et al. Clinical
applications of fluorescence imaging
for enhancing safety and therapeutic
efficacy of hepatobiliary and
pancreatic surgery. Photonics West
2015. Feb. 7-12, 2015. San Francisco,
Us.

- Ishizawa T. Application of Fluorescence
Imaging in HPB Surgery. 2nd Annual
International Congress of Fluorescent
Guided Imaging Surgery. Feb. 14, 2015.
Miami, US.

+Yamashita S, Ishizawa T, Urano Y, et al.
Application of FIGS for Pancreatic
Leaks. 2nd Annual International
Congress of Fluorescent Guided
Imaging Surgery. Feb. 14, 2015. Miami,
Us.

+ Urano Y. Cancer Imaging Using
Activatable Fluorescence Probes for
y-Glutamyltranspeptidase. 2nd Annual
International Congress of Fluorescent
Guided Imaging Surgery. Feb. 14, 2015.
Miami, US.
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,
2. EFRERG: 2L
3. ot 7a L

(BEHR)
1. Yamashita S, Ishizawa T, Urano Y, et
al. Visualization of the leakage of
pancreatic juice using a
chymotrypsin-activated fluorescent
probe. Br J Surg 2013;100:1220-1228.
2. Bassi C, Dervenis C, Butturini G, et
al.; International Study Group on
Pancreatic Fistula Definition.
Postoperative pancreatic fistula: an
international study group (ISGPF)
definition. Surgery 2005;138:8-13.
3. Dindo D, Demartines N, Clavien PA.
Classification of surgical complications: a
new proposal with evaluation in a cohort
of 6336 patients and results of a survey.
Ann Surg 2004;240:205-213.



# 1. BRI 162 Bl i) 2R SOHED Y 2 7 K+

C-D 448 11
UEDEBHE
BMZERE  Odds 95% EZ k-
N N (%) Pr ratio {E4E X P
4 71
5 77 16 (21) 0.144 2.85 [0.93, 9.83] 0.068
'S 75 9(12)
F£H G
>65 81 15 (19) 0.462 1.28 [0.41, 4.09] 0.671
<65 71 10 (14)
JRIEFT R
Pancreatic 14 (25) 0024 157 0834620 4 0,
cancer
Others 97 11 (1)
BEPRA
Yes 44 11 (25) 0.069 1.57 [0.53, 4.55] 0.415
No 108 14 (13)
BMI (kg/m?)
>25 22 8 (36) 0.007  3.95 [1.18, 13.5] 0.027
<25 129 17 (13)
3% Albumin
(g/dL)*
<3.8 43 13 (30) 0.004 3.69 [1.23, 11.6] 0.020
>3.8 108 12 (11)
fiicpHmE ()
>1000 18 4 (22) 0.530 2.06 [0.52, 9.89] 0.313
<1000 129 21 (16)
FiTHERE (4)
>300 75 15 (20) 0.230
<300 71 9(13)
L&
Clamp crushing 130 20 (15) 0.530 -
Stapler 22 4 (18)
iz 1%mABO
&t amylase
BE (UL
>4000 112 21 (19 0.200 2.10 [0.63, 8.74] 0.240
<4000 40 4 (10)
iz 1/BBEO®
B S amylase
BE QUML) *
>375 103 20 (19) 0.255
<375 43 5(12)
fiik 3/mA D
BImBkE (ul)
>15000 27 9(33) 0.009  4.40 [1.31, 15.2] 0.017
<15000 125 16 (13)

*EFIZIS T D LRIED 3 54 FUe L U7z, TFisher’s exact test.
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1. FHREIC I BEA 2 — D> 7 OREREE
SH AT

KM KEIT OEETIE AT AB GEEERAR—Z 7 AR 2HAVWTIRE LTV,
FHLUANDOEETIIVAT & A (EERANGEEESE) 2HVT05,



K2 vA7FAA (BRANESEERE BFRIOEE—F) 2HVWE7 72 FAOHRE

15 cm 30 cm 60 cm

EIHLT

DA4ILBR—1EL D4 ILB—130L

E#ﬁﬂ R - P 71t L TLILE~EHY
™ x - L 5 -

RFALT
ERAT

BT
RAT

FHifE L Y 15cm, 30cm, 60cm DF X235, 4 FHDMIIZMFT HMRG 7 7 & b 2Dk
Wa{ToTz, WA EBIE T V4% — (515nm long-pass) &L, FEIIEESHY,
RIATH AT O OBFIE HMRG ORE (WM),
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3. YATAAB,CERAVWEY 7 FADORE (FHFE2 D 30cm)

VATLA VATLB VATLC

EHAT

RFLT
FRAT

RFHLT
ERLT

mak

VAT A AFERANESEEEICT V4 — (515nm long-pass) #¥EE L T,

VAT LB T, VAT AAOKFEER—F TV LED HFICERE LTz,

VAT AL CIE, KIFEE LTI AT LB &R U LED tRA AV, 7 4 /v%— (515nm

long-pass) %¥EE LI=BAREAOT PHH AT TR, MEFMEILTO®@EY -
44T (exposure time, 4ms; ISO &, 128,000) . KF4T ¥ 04T (6.25ms; ISO 1600) .
RIEIT2 /ST (6.25ms, ISO 1600) , AT AT (6.25ms; ISO 125)
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B 4. 25 A C B X Discovery Z V=7 7 o b AORE (FHFEH D 30cm)
I1SO 320,000

O2TELT Tiok T 2atBEF o Fir o, ARBEISIV (ZOFEETIX
FifrE D26 OEEEE 60cm)

@HENBEICLD 7 7 b ADRE,

@BWIT T, VAT ALCOHATISOKEEZEXTT 7 v haE2HE,
Exposure time {33 ~T 4ms,

@HMRG /Ml e@lsdE@E (Discovery) DORFENIZ Y 7 > b A% E L TR,
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5. S/B ratio & IREHRIE & ORR

S/B ratio @ S/B ratio @

HMRG HMRG
5 o, & . +10
4 -3 i
- 3 -1
0.3 +0.3
3 - 0.1 + 0.1
5 . 2 0
e ( umy { uM)
. 15 30 60 0
o ) ST OR#T ORK#AN WEL
FHEHLBEREETOMER EEIT AN f=39)
FEMTIRE D
S/B ratio @ HMRG S/B ratio @
6 - 10 30
-
5 = 0664, P < 001
5 25
4
20+
3
2 15+
1 10 o o
0 O - o
100 6400 25600 128000 409600 7.5 75 54 @ O
800 12800 51200 204800 ¢s0) (ms) “ o .'
) °
07‘ & a0
0 500000 1000000 1500000

fEE & amylasef (U/L)

OFRENPLOHEMAE 2, 2T IV AT AAZHANWTT 7> b AE2RE,
60cm OFEINHTYH, 10uM @ HMRG # > 7 /L Cid S/B ratio 1Z 2 L ETH 72,
QFMEOMBMASLMELE X, FHlH 30cm OFEENH VAT A A ZAVTIRE,
KIFITHRAIT LV D WSEETIE, £ TOH 7T S/Bratio X 2L T E o7,

(@, @K 2 xR L TV D)
@& FIZFIE 30ecm DFE D, VA7 A C OISO EEEZE X TRE

(exposure time, 4ms), HREVHFADZL RD720, BEEOY 7/ TiX ISO 128,000
UL ETS/Bratio METT 5208 2UETHY, EHG ELI T LOEXEDBEHKTES
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Acoustic Radiation Force Impulse Imaging of the ®---

Pancreas for Estimation of Pathologic Fibrosis
and Risk of Postoperative Pancreatic Fistula

Nobuhiro Harada, MD, Takeaki Ishizawa, MD, PhD, Yosuke Inoue, MD, PhD, Taku Aoki, MD, PhD,
Yoshihiro Sakamoto, MD, PhD, Kiyoshi Hasegawa, MD, PhD, Yasuhiko Sugawara, MD, PhD,
Mariko Tanaka, MD, PhD, Masashi Fukayama, MD, PhD, Norihiro Kokudo, MD, PhD

BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

We sought to evaluate whether pancreatic elasticity, measured using acoustic radiation force
impulse (ARFI) imaging, can determine the degree of pancreatic fibrosis and risk of pancre-
atic fistula (PF) in patients undergoing pancreatic resection. Although soft pancreatic texture
is a reliable predictor of postoperative PF, noninvasive, quantitative methods of assessing
pancreatic hardness have not been established.

Shear wave velocity (SWV) of the pancreas was preoperatively measured by ARFI imaging in
62 patients undergoing pancreatic resection. Correlations of SWV with pathologic degree of
fibrosis in the resected pancreas, exocrine function of the remnant pancreas, and the incidence
of postoperative PF were determined.

The SWV was positively correlated with the degree of pancreatic fibrosis (Spearman’s rank
correlation coefficient [p] = 0.660, p < 0.001) and inversely correlated with postoperative
amylase concentrations and daily output of pancreatic juice. The incidence of postoperative
PF was significantly higher in the 32 patients with soft (SWV < 1.54 m/s) than in the 30
with hard (SWV > 1.54 m/s) pancreata (63% vs 17%, p < 0.001). Multivariate analysis
showed that a soft pancreas (SWV < 1.54 m/s) was an independent predictor of postoper-
ative PF (odds ratio 38.3; 95% CI 5.82 to 445; p = 0.001).

Pancreatic elasticity on preoperative ARFI imaging accurately reflected the pathologic degree of
fibrosis and exocrine function of the pancreas, enabling surgeons to adopt appropriate surgical
procedures according to the risk of postoperative PF in each patient undergoing pancreatic
resection. (J Am Coll Surg 2014;219:887—894. © 2014 by the American College of Surgeons)

Despite recent advances in surgical techniques and peri-
operative management of pancreatic resection, postopera-
tive pancreatic fistula (PF) remains a major postoperative
concern, with an incidence of 10% to 50%."” Because
postoperative PF can lead to life-threatening events such
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as severe infections and massive hemorrhage, it is impor-
tant to accurately estimate the risk of PF in individual pa-
tients undergoing pancreatic resection. Several clinical
factors were found to be significant predictors of postop-
erative PF, including soft pancreatic texture,”*"" small
main pancreatic duct,'""” tumor pathology other than
adenocarcinoma,'”'* and larger amounts of intraoperative
blood loss.”'*'” Despite its subjectivity, hardness of the
pancreas by palpation during surgery is regarded as a sim-
ple and reliable indicator for the development of postop-
erative PF. Quantitative methods are needed to assess the
hardness of pancreatic tissue and to determine whether
hardness correlates with the degree of pathologic fibrosis.

Several ultrasound elastographic techniques were
recently developed for noninvasive evaluation of tissue
elasticity.'™"” One method, acoustic radiation force im-
pulse (ARFI) imaging, measures the velocity of shear
waves generated by tissue after irradiation with

http://dx.doi.org/10.1016/j.jamcolisurg.2014.07.940
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Abbreviations and Acronyms

ARFI = acoustic radiation force impulse
DP distal pancreatectomy

MPD = main pancreatic duct

OR = odds ratio

PD = pancreatoduodenectomy

PF = pancreatic fistula

POD = postoperative day

ROC = recciver operating characteristic
ROI = region of interest

SWV = shear wave velocity

Il

short-duration acoustic pulses and enables evaluation of
tissue elasticity in a small (<1.0 cm) region of interest
(ROI) on conventional B-mode ultrasonographic im-
ages.”””' Using this technique, shear wave velocity
(SWV) correlates with tissue hardness. In clinical settings,
ARFI imaging has been used mainly to estimate the de-
gree of hepatic fibrosis without biopsy in patients with
chronic liver disease,'”***" and has been used for the dif-
ferential diagnosis of nodular lesions in the liver,”
breast,” thyroid,” and pancreas.”® To our knowledge,
however, ARFI imaging has not been used to estimate
pancreatic hardness or whether the latter predicts a risk
of PF after pancreatic surgery, except in the recent prelim-
inary study by Lee and colleagues.”” The aim of this study
was to evaluate whether the SWV of the pancreas, as
measured by preoperative ARFI imaging, correlates with
the pathologic degree of pancreatic fibrosis and pancreatic
exocrine function in patients undergoing pancreatic resec-
tion. The ability of “soft” vs “hard” pancreata, based on
preoperative SWV, to predict postoperative PF was also
assessed.

METHODS

This study was conducted with the approval of the Insti-
tutional Ethics Review Board of our institution. All pa-
tients provided written informed consent.

Patients
The study cohort consisted of 68 patients who underwent
pancreatic resection at the University of Tokyo Hospital
between February 2012 and February 2013. Preoperative
ARFI imaging could not be performed in 6 of these pa-
tients because of difficulties obtaining clear and static im-
ages of the pancreatic parenchyma. In the remaining 62
patients, the SWV of the pancreas was measured by
ARFI imaging before pancreatoduodenectomy (PD,
n = 35) or distal pancreatectomy (DP, n = 27), with
these SWVs compared with postoperative pancreatic
exocrine function and the incidence of PF.
Pancreatoduodenectomy was performed as previ-
ously described.””" Briefly, the pancreatic parenchyma
was divided using the clamp crushing method, with
meticulous ligation of small vessels. Two Roux limbs
were created and used for digestive reconstruction:
one for biliary and pancreatic anastomoses, and the
other for gastrojejunostomy. Patients with a narrow
main pancreatic duct (MPD) and/or a soft pancreatic
texture, as assessed by manual palpation, underwent
PD without pancreatojejunostomy, ie, totally external
tube pancreatostomy, followed 3 months later by 2-
stage pancreatojejunostomy.”” Other patients under-
went pancreatojejunostomy with duct-to-mucosa anas-
tomosis and external tube pancreatostomy during PD.
Distal pancreatectomy was also performed by dividing
the pancreatic parenchyma using the clamp crushing

Figure 1. Preoperative acoustic radiation force impulse imaging of the pancreas and pathologic images of the resected specimen. (A) The
shear wave velocity (SWV) of the pancreas was measured by setting a region of interest (ROI) in the pancreatic body above the confluence of
the splenic and superior mesenteric veins (yellow arrows), away from the pancreatic tumor (arrowheads in left) and the superior mesenteric
artery (yellow arrowhead in right). (B) Pathologic pancreatic fibrosis grading according to Kloppel’s criteria. The SWVs were 1.01 m/s for
normal fibrosis, 1.35 m/s for mild fibrosis, 1.70 m/s for moderate fibrosis, and 1.81 m/s for severe fibrosis.
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Table 1. Relationships Between Pancreatic Shear Wave
Velocity and Patient Demographic and Clinical Characteristics

Variables n SWV, m/s p Value
Age, y
>70 30 1.77 (1.01-3.52) 0.041
<70 32 1.45 (0.85—2.37)
Sex
Male 38 1.68 (0.94—3.52) 0.435
Female 24 1.49 (0.85—2.50)
MPD diameter, mm
>3 34 1.78 (1.14—3.52) 0.001
<3 28 1.40 (0.85—3.19)
Body mass index, kg/m?
>25.0 50 1.61 (0.85—3.52) 0.908
<25.0 12 1.59 (0.94—2.37)
Diabetes mellitus
Present 28 1.68 (0.95—3.52) 0.392
Absent 34 1.55 (0.85—2.98)
Pathologic diagnosis
Pancreatic cancer 31 1.71 (0.94—3.52) 0.078
Other diseases* 31 1.50 (0.85—2.98)

Continuous data are shown as median (range).

*Including intraductal papillary mucinous neoplasm (n = 9); carcinoma of
the papilla of Vater (n = 5), the lower bile duct (n = 4), and the duodenum
(n = 2); pancreatic neuroendocrine tumor (n = 5), gastric cancer (n = 2),
serous cystic neoplasm (n = 2), solid-pseudopapillary neoplasm (n = 1),
and chronic pancreatitis (n = 1).

MPD, main pancreatic duct; SWV, shear wave velocity.

method and by ligating the small vessels and the
MPD.** Prophylactic abdominal drains were routinely
placed on the superior and inferior aspects of the
pancreatic stump.

Preoperative acoustic radiation force impulse
imaging of the pancreas

Preoperative ARFI imaging was performed using the ACU-
SON S$2000 (Siemens Medical Solutions) in the Virtual
Touch Tissue Quantification mode, as described.'?*"*
Briefly, patients in the fasting state were placed in the decu-
bitus position. To accurately measure SWVs, conventional
B-mode ultrasonography was performed to visualize
the pancreatic parenchyma within a depth of 8 cm from
the transducer.””*> An ROI measuring 10 mm axially by
6 mm in width was set in the pancreatic body above the
confluence of the splenic and portal veins (splenoportal
junction), away from the pancreatic tumors and the supe-
rior mesenteric artery (Fig. 1A).

Before using preoperative ARFI imaging to evaluate
the study population, the reproducibility of this tech-
nique was validated in 3 healthy volunteers (3 men,
ages 24, 31, and 38 years) and in 3 patients (2 men

and 1 woman, ages 71, 72, and 82 years) who underwent
PD for biliary or pancreatic malignancies. Three sur-
geons, blinded to results obtained by the others,
measured SWVs 10 times in each subject. In this valida-
tion trial, pancreatic SWVs measured by the 3 surgeons
did not differ significantly, either in the group of healthy
volunteers or in the group of patients undergoing PD
(ANOVA, Appendix 1: Supplementary Tables 1 to 5,
online only).

Shear wave velocities in the study population were
measured 5 times in each of the 62 patients; the mean
SWV of the median 3 values for each patient was calcu-
lated and used in further analyses.

Pathologic assessment of the pancreas

Pancreatic tissue samples were obtained 0.5 to 1.0 cm
from the pancreatic stump, fixed in formalin, and stained
with hematoxylin and eosin. These slides were evaluated
by an experienced pathologist (MT), blinded to each pa-
tient’s clinical data and postoperative course. The degree
of pancreatic fibrosis was scored according to perilobular
and intralobular fibrosis and divided into 4 categories of
Klsppel scores: 1 to 3, normal tissue; 4 to 6, mild fibrosis;
7 to 9, moderate fibrosis; and 10 to 12, severe fibrosis
(Fig. 1B).”* Fatty infiltration into pancreatic tissue was
evaluated microscopically as 1 to 2, no fatty infiltration
or 3 to 4, fatty infiltration."

Based on the results of SWVs and pancreatic fibrosis
score, cut-off values of SWV predicting pathologic pancre-
atic fibrosis, defined as a Kloppel score > 7, were calculated
using a receiver operating characteristic (ROC) curve and a
common optimization step maximizing Youden’s index.”

Evaluation of pancreatic exocrine function and
postoperative pancreatic fistula

As indicators of pancreatic exocrine function, amylase
concentrations and daily amounts of pancreatic juice
were evaluated using fluid samples drained from an
external pancreatic tube in 35 patients who underwent
PD. The amylase concentrations in pancreatic juice
were not evaluated in 5 patients; 2 showed no discharge
of pancreatic juice after surgery, and amylase concentra-
tions were not determined in the other 3. Postoperative
PF was defined as an amylase concentration in fluid
more than 3 times the upper limit of serum amylase con-
centration after the third postoperative day.’

Statistical analyses

Continuous data were expressed as median (range). Quan-
titative and categorized variables were compared using the
Wilcoxon rank-sum test and Fisher’s exact test, respec-
tively. The correlations of SWV with fibrosis score, fatty
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Figure 2. Correlations between pancreatic shear wave velocity and pathologic findings of
resected specimens. The preoperative shear wave velocity (SWV) of the pancreas was positively
correlated with (A) pathologic fibrosis score (Spearman’s rank correlation coefficient [p] =
0.660, p < 0.001), but not with (B) pathologic fatty infiltration score (p = —0.058, p = 0.654).

infiltration score, and pancreatic exocrine function were
evaluated using Spearman’s rank correlation test.

Multivariate analysis was performed to evaluate the abil-
ity of preoperative SWV to predict the risk of postoperative
PF. Due to their clinical significance, 8 potentially impor-
tant preoperative and intraoperative factors were included
in the analysis: age (<70 years vs >70 years),” sex," dia-
betes mellitus (yes vs no), body mass index (<25 kg/m*
vs >25 kg/m?),*"” pathology of the tumor (pancreatic can-
cer vs other neoplasm),'”'® amount of blood loss (<1,000
mL vs >1,000 mL),"">'” MPD diameter (<3 mm vs >3
mm),'”"* and SWV (<1.54 m/s vs >1.54 m/s, based on
ROC curve analysis). The results were expressed as
adjusted odds ratios (OR) with 95% confidence intervals
(CI), and p values were calculated using the likelihood ratio
test. Values of p < 0.05 were considered statistically signif-
icant. All statistical analyses were performed using JMP
software version 9.0.0 (SAS Institute).

RESULTS

Shear wave velocities of the pancreas and patients’
background characteristics

The study subjects consisted of 38 men and 24 women,
ranging in age from 28 to 85 years (median 70 years).

Median preoperative pancreatic SWV was 1.49 m/s
(range 0.85 to 3.52 m/s). Preoperative SWVs of the
pancreas were higher in patients aged 70 years or younger
and in patients with an MPD diameter of 3 mm or less
(Table 1). The median time to measure SWV of the
pancreas was 157 seconds (range 42 to 490 seconds).

Shear wave velocities of the pancreas and
pathologic diagnosis of fibrosis and fatty infiltration
Preoperative SWV of the pancreas significantly correlated
with pathologic fibrosis score (Spearman’s rank correlation
coefficient [p] = 0.660, p < 0.001; Fig. 2A), but not with
pathologic fatty infiltration score (p = —0.058, p = 0.654;
Fig. 2B).

Receiver operating characteristic curve analysis was per-
formed to determine a cut-off value of SWV predictive of
pancreatic fibrosis, defined as a Kloppel score > 7 (Fig. 3).
An SWV cut-off of 1.54 m/s yielded an area under the
curve of 0.881 (p < 0.001). The sensitivity, specificity,
positive predictive value, and negative predictive value
of this cut-off were 91%, 75%, 67%, and 93%, respec-
tively. Based on these results, the 62 patients enrolled in
this study were divided into soft (SWVs < 1.54 m/s,
n = 32) and hard (SWV > 1.54 m/s, n = 30) pancreas
groups in the subsequent analyses.
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Figure 3. Receiver operating characteristic curves analysis of shear
wave velocity for predicting pathologic fibrosis of the pancreas.
Receiver operating characteristic curve analysis was used to
determine the cut-off value of shear wave velocity (SWV) for pre-
dicting pancreatic fibrosis, defined as a Kloppel score > 7. When
the SWV cut-off was set at 1.54 m/s, it provided an area under the
curve of 0.881 (p < 0.001) with sensitivity, specificity, positive
predictive value, and negative predictive value of 91%, 75%, 67%,
and 93%, respectively.

Shear wave velocities of the pancreas and
pancreatic exocrine function

In the 35 patients who underwent PD, higher preopera-
tive SWV of the pancreas was significantly correlated
with a lower volume of pancreatic juice on postoperative
day (POD) 7 (Fig. 4A) and lower maximum amylase con-
centrations in pancreatic juice on PODs 1 and 3
(Fig. 4B). Of the 35 patients who underwent PD, 23
had a hard and 12 had a soft pancreas, with the former
having significantly lower median volumes of pancreatic
juice on POD 7 (40 mL [range 0 to 155 mL] vs (215
mL [range 130 to 420 mL], p < 0.001) and significantly
lower median maximum amylase concentrations in
pancreatic juice on PODs 1 to 3 (3,062 units/L [range
2 to 16,350 units/L]) vs 22,747 units/L [range 8,154 to
54,270 units/L], p < 0.001).

Shear wave velocity-based hardness of the
pancreas and operative outcomes

Postoperative PF (International Study Group on Pancre-
atic Fistula [ISGPF] grade B or higher) developed in 12 of
the 35 patients who underwent PD (34%) and 27 of those
who underwent DP (44%). Among the 35 PD patients,
the incidences of postoperative PF were 25% (7 of 28)

and 71% (5 of 7) in the patients who had undergone pri-
mary and secondary pancreatojejunostomy. The incidence
of postoperative PF (63% vs 17%, p = 0.001) and the
morbidity rate, defined as Clavien-Dindo grade III or
higher’® (28% vs 10%, p = 0.108) were significantly
higher in the soft than in the hard pancreas group
(Table 2).

Multivariate analysis revealed that soft pancreas,
defined as a preoperative SWV < 1.54 m/s, was an inde-
pendent predictive factor of postoperative PF (odd ratio
[OR] 38.3, 95% CI 5.82 to 445; p = 0.001). Other in-
dependent predictors of postoperative PF were age >70
years (OR 7.69, 95% CI 1.44 to 62.3; p = 0.030) and
male sex (OR 8.87, 95% CI 1.71 to 67.8; p = 0.018,
Table 3).

DISCUSSION

In this study, pancreatic SWV, measured by preoperative
ARFI imaging, showed significant correlations with grade
of pathologic fibrosis and exocrine function of the
pancreas. When pancreatic elasticity was dichotomized
as “hard” or “soft,” based on the preoperative SWV, the
incidence of PF after PD was significantly lower in pa-
tients with “hard” than “soft” pancreata, although the
risk of postoperative PF might have also been affected
by surgical procedures used in this series. These results
suggest that preoperative ARFI imaging of the pancreas
enables accurate estimation of the degree of fibrotic
changes and exocrine function of the pancreas, both of
which are associated with the risk and severity of PF after
pancreatic resection.

The major advantage of ARFI imaging is that it provides
a quantitative measurement of pancreatic elasticity, a
parameter previously evaluated subjectively by palpation
of the pancreatic parenchyma during surgery. The reli-
ability of ARFI imaging in measuring tissue elasticity was
observed in patients with chronic liver diseases'”**** and
with chronic pancreatitis.” In patients undergoing pancre-
atic resection, the median (range) SWV of the pancreas was
reported to be 1.51 m/s (range 0.80 to 3.40 m/s),”” which is
similar to the results in our series (1.49 m/s [range 0.85 to
3.52 m/s]). In addition, the ARFI imaging method is safe,
feasible, and noninvasive: using a commercially available
ARFI imaging system, the SWV of the pancreas can be
measured in approximately 160 seconds during preopera-
tive work-up by conventional B-mode ultrasonography,
with little inter-observer difference. A potential pitfall in
ARFI imaging is that SWVs can be affected by arterial pul-
sation and respiratory movement of the diaphragm, as
previously reported.”” When the pancreatic SWVs are
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Figure 4. Correlations between pancreatic shear wave velocity and (A) daily output of pancreatic
juice and (B) maximum amylase concentrations in pancreatic juice after pancreatoduodenectomy. In
the 35 patients who underwent pancreatoduodenectomy, (A) preoperative shear wave velocity
(SWV) was negatively correlated with daily output of pancreatic juice on postoperative day (POD) 7
(p = —0.667, p < 0.001). (B) Preoperative SWV was also negatively correlated with maximum
amylase concentration in pancreatic juice on PODs 1 to 3 (p = ~0.769, p < 0.001). Open and
closed circles indicate patients with “soft” (SWV <1.54 m/s, n = 12) and “hard” (SWV >1.54 m/s,

n = 23) pancreata, respectively.

measured, ROI should be set apart from the major arteries
such as the superior mesenteric artery.

At present, no technique has been established to
completely prevent postoperative PF. Many perioperative
management strategies are strict and complicated,
including those involved in closure of the pancreatic
stump,”®*’ pancreatic anastomosis,”’”"*"" and drainage
of pancreatic juice and abdominal fluid,* all designed
to prevent PF from developing into a life-threatening
complication. For example, our group has used 2-stage
pancreatojejunostomy for PD in patients with a thin
MPD and the pancreas is soft on palpation.”” Although
we found that the in-hospital mortality after PD was
zero,” this strategy has potential disadvantages, including
requiring patients to wait for 3 months before secondary

surgery, consisting of pancreatojejunostomy with an
external pancreatic drainage tube. Using this technique,
patients must wait until thick connective tissues cover
the vessel stumps around the anastomotic site, preventing
bleeding caused by PF. The ability of ARFI imaging to
accurately predict the risk of postoperative PF, based on
quantitative evaluation of pancreatic elasticity, may iden-
tify patients who require such meticulous surgical proce-
dures, such as 2-stage pancreatojejunostomy, as well as
those in whom even prophylactic abdominal drainage
could be omitted. So, preoperative ARFI imaging may
enhance the safety and efficacy of pancreatic surgery.
Acoustic radiation force impulse imaging failed to mea-
sure SWVs of the pancreas in 6 of the 68 patients (9%),

because massive amounts of gastrointestinal air covered

Table 2. Relationship Between Shear Wave Velocity-Based Hardness of the Pancreas and Operative Outcomes

Hard pancreas, Soft pancreas,

Variable SWV > 1.54 m/s SWV < 1.54 m/s p Value
PF (ISGPF grade B or higher), n (%)* 4 (17) 20 (63) 0.001
Postoperative morbidity (Clavien-Dindo grade III or higher), n (%)' 3 (10) 9 (28) 0.108
Postoperative hospital stay, d, median (range) 21 (9—65) 20 (7—77) 0.751

*PF grades A/B/C = 13/20/4.

TI’ostopcrative morbidity included PF (ISGPF grade B or higher, n = 24), delayed gastric emptying (n = 2), cholangitis (n = 1), diarrhea (n = 1), and

postoperative pneumonia (n = 1).

ISGPF, International Study Group of Pancreatic Fistula; PF, pancreatic fistula; SWV, shear wave velocity.



