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previously shown that TU-100 increases the amount of
ADM released from intestinal epithelial cells isolated from
both small and large intestines [17]. To investigate the
active components of TU-100’s effect, therefore, we
assayed the in vitro ADM release from IEC-6 cells.

Previous and present data on TU-100’s effect on ADM
release from IEC-6 cells have focused on the induction of
ADM expression/synthesis, which was evaluated 24 h after
the addition of TU-100. The induction of ADM mRNA
expression, detailed time course of ADM release, and
flowcytometric detection of intracellular ADM protein
have been reported previously [17]. However, we con-
firmed that 6-h incubation with TU-100 (or TU-100 com-
ponents) was sufficient to observe an elevation of ADM
levels in the culture supernatant of IEC-6 cells (unpub-
lished observation). These data suggest that TU-100 may
enhance not only the expression and synthesis of ADM but
also its transport and release from the cells. However,
extensive future studies are necessary to clarify this point.

Although most TU-100 activities, at least 45 min after
TU-100 administration, were abrogated by anti-ADM
antibody treatment, the initial elevation at 15-30 min was
not affected by the antibody treatment (Fig. 3b). Therefore,
the effect of TU-100 may be exerted partially by a mech-
apnism other than activation of the ADM system. This
mechanism needs to be elucidated in the future, but the
possible involvement of the CGRP system is plausible and
needs to be investigated first.

In contrast to its effects in ischemic segments, TU-100
did not alter blood flow in hyperemic segments of the
TNBS-treated colon. We speculate that this is because the
ADM/CGRP system was already activated and had
increased the blood flow due to acute inflammation. Acute
inflammation has been reported to increase CGRP and
ADM release from intestinal nerves and epithelium,
respectively [7, 41]. If TU-100 utilizes the endogenous
ADM/CGRP system for its vasodilatory effect, an addi-
tional increase of the blood flow, which is already aug-
mented via the same or similar host defense systems, could
be difficult. Thus, it seems that TU-100 is unlikely to be a
direct vasodilator.

TU-100 is one of the traditional Japanese medicines
(Kampo) whose production is well controlled compared
with conventionally known herbal medicinal products [10].
Contamination studies have certified that Tsumura Kampo
medicines are free of toxins, pesticides, microbes, and
heavy metals. They are primarily extract granules, and their
pharmacological actions have been studied and elucidated
at the molecular level. TU-100 is composed of maltose
syrup powder, processed ginger, ginseng radix, and Japa-
nese pepper, and the main constituents of these components
are maltose, 6-shogaol, ginsenoside Rbl, and HAS,
respectively (shown in Fig. 1). By examination on a

galenical level, we previously confirmed the vasodilatory
effect of TU-100 and its galenical component, Japanese
pepper, in normal rats [19]. HAS is the main active con-
stituent of Japanese pepper. The present study showed that
HAS improved the blood flow of the ischemic colon in
TNBS-induced colitis and enhanced ADM release from
IEC-6 cells. Therefore, it seems that the TU-100-induced
vasodilatory effect may be due to HAS via ADM.

In conclusion, our findings indicate that the ischemia
complicating TNBS-induced colitis was associated with
down-regulation of the CGRP system, particularly a
decrease of SCGRP in intrinsic primary afferent neurons,
while the ADM system was maintained at a normal level.
Endogenous ADM significantly improved the decreased
blood flow, demonstrating its potential as a new therapeutic
target for CD by promoting mucosal healing of the intes-
tinal microvasculature. TU-100 increased blood flow in the
ischemic colon, but not in the hyperemic colon, by up-
regulating endogenous ADM. HAS, the main active con-
stituent in TU-100, enhanced ADM release from intestinal
epithelial cells in a concentration-dependent manner. Thus,
it appears that TU-100 may have therapeutic and pre-
ventive effects on the CD intestine, especially in reducing
recurrence at the anastomotic site.
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KELRMERE RS, L7225 T, ONEL
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LARAZIY NO— T2 EAERICH
ak&EELLZ A ONROFEAIRE
ME~DTORZ 75V E2O{ERTHHR
ENABLEZONTED, TI4IIRERN
DFEAREYWEATCHLT ORI TSI VEFE
BRE2 DR ERFEOEANGZESHE
ENTHEY Y, WAL PHICHE S E2HE
PERETE 2. PATAEIC I ARBIHETIC
v, OEENERE, & QICOBERAREEICLS
TREED ONREEANOBRGARB I NT
WA, TI4DOBBRAEE TH HEEO T E
STH BN JZEWHEEREE LT
BY, MEEARR ST 3 RS
HEhTWAHI L0, OENOMBEEE
flEIERFEINE. 22T, bhbhidZ
NOORFERERRICTA72DI1ICTI-14%
a2y ESREICL (2.5 2L, B
AT THBEICEATHE LW 1R 5B Ew
TWTH SV, BADIFRGE I IZEEETI-14
BOITAZ LEERL, KBOA{LERERS
CRAELZOFKICH LCTI-4ZEA L.
BAMEDBRBBEEfTo/o LT A, B/
LIZERITH- 70, BAfE, EHak 7 7R
*HERI & ~EEHRE 1HRR (HANGESHA
RER) T, BAA, KEAFEREDICRE
TAHONKE PEICEAPRIEFTH S,
K, RET20EFEOERME2, O
HRCHELTRIREZEDSHWTIT- 72
7, MAAECL AN EEASDIHETHE
BEATETHL I LIEBHFIHERLLT V.

A m

o AMEGNET, REHET
Hritads, e KEEiIvnd Hac
S &, BRM (Biological response modi-
fier) & LC, SRIEMBETEERCREREDL
HAEF, AR b b, HHROQOL
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WE, ALERE - BUTREEORFRR
B, FREEEH FAER BRTFULL
RSN TS, (EABEICHEL Ta v
NVTHDIEF ¥ REFH5THEH, FE
RORBOZHEDOERL LTEBOBG LN
VOMBERE, TEFYRAVNVOBCER
HEOBRDIF/ N5,

& Wha %R (Hochuekkito, TJ-41)
Tl41 0" L ZHEALEZERL, RED
MBOEZEBERRIIY L TEBOBZ2ED,
HBAEHOTLREDITL LV BB TH 5.
BADECIIREETSH D, FurtATEICLS
BIERER 2 LICEHS A, EHRBF L L
T, CNETIEHIAVRHRMA v 70 L
YR E), NK#RE L, CTLREFEL
EHEZLNTWS, BioBETIE, HE
A VAL BRIERERTOBFIEER, &
SIZIEABAEBHAPRLHEINL TS,

3 42X (Juzentaihoto, TJ-48)

TJ48 D+ 2™ L idEBmRZEWRL, 18I
CROVWIZEHI EWVIHABKRTH L. & CIXHA
DER - BREOFHHRVPBEENLTWA.
BTl 7 v —HEOBRIL A b L AESIIC
LB ARE RIS AR BE SN
PSS Rk e sEskm L2 TR L, mE R
AR TA2HRVAEINTS. T,
PAAEIZ L 2 EREEMGEKT, & <iZmh
WRAICEIRERH AL I NDH Y,

W WO ERIRE B

BRI EH RHAAEIZ X 581EH. &
EHETFT28ETAZ L2 LCHEAT S
A%, BARDPABEOHENITIHITH 5 A
MHEERREOREFAM TR, HAICTI41,
RICTIA8DIEHETHEHT A LWL T
Vb (NHKHE [EEIEE T = 27 | 20104

28 3454  FE B 2011 Vol.62, No.ll

8 AL E s L ERZDOFH T 2 RE ~ A
ARBICETRZESRELTESE~D. T/
EMERACIABEREL LT, HHEIZLZE
FU LM, BT VERAFOVERI AN
V-0, MEENLICE 5HBE, Bk
TR RS I ST 5.

]

EHEPHEELBE R ORTHERAESRS
BAOIHRIIBEBFEDIVY 7 Y AHPLET
H, BRIZBWTAHARERIZATSbET
NTOEM, EHIM, FEMPPABREICS
JABEHEOMREERTE 2T RN TV
EHERZZODILEF VR E L HICBMNLT.
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BEHDOCAM p5 D : KBHZZE RO

PEIE

EH HYyHRYEMNAL-EREIREHEER
complementary and alternative medicine (CAM) @ #
MADFICHY, T AERHORAMRERTIZRL
BN TH o7z, RP26 HROGHEMEETH S
ERFEPBREB IUVEELLEINTVLAICER S
BTz, FOFBL %o 2OV RERGORERIC
By 20T L~VORETHL. REFHIZ3S0E
(R, %2 A5 razn, WRoBEING
BEHE BLUBELREEERAY, REPEOLEE
45 T& % hydroxy- a -sanshool, 6-shogaol % H[:Z
ANV P2y T I  RTFFEALTHIAL
TWABIEFHLNE o/ ZORZERIIEE

DREFBEC_EERT 7t BB FRGB I .

FECRE TS BRABRSIT b KEBEREOFHEL
WHBR B ENEFED CAM »50OBHFHBE -
7z,

FC®IC

HFRBTH 2 W EROM Y 2 FUH L2 ERE,

Blad T 7oy —RBER EPEATHONITE
7255, BRCREBECIIM B E R complementary and
alternative medicine (CAM) OFEAOHIZH Y, T
UFy AEROBREROFIHARLENSZ L EH
ATELQ). LaLiado, BETAIEEREHRE
AREA OB, BEORA» oRBHEERIIHT
LEFREABEREZY, FHIE2TAFVEEDE
HoOMEE G S, REGTEEROBEIMTHI
T&72). 7TAYVHOEREERF (FDA) THAW
ENBICVTs 2ORRBHEERL LTTIREL,
FDE)BRRAT CHROEHMERETH LEFED
BN L ERES L UBELENTHEETHSL. £
DAL o -OPKEFE (TJ-100, TU-100,

Daikenchuto, DKT) OEEFIZETLH5F L~
DI THA(3-5). BEFTARTD, EFITHT
BRANSZ L DEMPELERT I Llddn o7z,
UL, REFHOBZZ ZRICEERERED 80%
BENTHREFEO_EER T 7 L RILERE )
2009 FE HSHBE NIz FRICREDOA 4 9—2 Y
= 7 CHRRABIITHO KBRS OEDEI VL R
CHEEB &7z (6). AFRTIE, EHFENCAM A 5D
HERADLEEL 2o IR EBNT 5.

1. BERKDPSEFFEEEZNBDH

2002 4, WHO R RERBIZ /o — SV & L
TIEHERZz HERPOREBRICHARAD L IIRELT
Wiz, HATE T TICETESMRBRER E LTHAR
FhTwsd BEFEFIHAMEICERL TEER
EfET, BRIEFPETHHD, PETEIRESZELELT
HBERLTEL. 7TAVITREHEEEISEI SIS
EonTiE, 5 LEBBVPRERA TV IMED
herbal medicine T 5722 & Th B, EAH.LE %
o TERITE Z 00T, 19924 20077 Fv & w9 DEF
H T NIH |2 Office of Alternative Medicine 7% & T #
A7 2o, HBESEShETHEABERE
v%—NCCAM & 720, PHRIIFEAHMNL, HAETE
1B2FH VU LOEEDOTFHETEE SN TS,
B EEICT S5 1T (Echinacea) AN TH 2 &%
ZohTwiod, KEERKRSBRCENTHS LHE
B, TEFVABROOOBRAENZ L TEL

LBIZHbD572(2,7). I TH-7- FDA TR LM,

BEEIBEO THEVETEIER L. 3k 72
IR EP SREENS CEASR TR, BE
KEINIESE, WAWE BELRECIZTLLY
F—4 FEERADS L, B REICHHECHRE

F—g—F: REBHEER HEH KBRS ALy o r@BEFEESTFF, J0-UR

JENERRE SIRMZEE - RIS (T078-8510 MEJIH#EAER 2-1)

E-mail: kono@asahikawa-med.acjp JBERZHEE 20104£ 98 14 H, KEERS

Title: The Kampo medicine Daikenchuto -Its Exodus from the complementary and alternative medicines. Author: Toru Kono
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14 WE &

FTHEIEEDS TV, FDARECKED ERAH
BTXAIUEF UV ALNVOBWERERAER, &6
IIEBRSEEBROBEEZ (BB v A7 L HEADEMIZRD
T 7.

2. KEEZELIE

Zhd BB TW L RESE (T7-100, TU-100) i
(BR) Y &5 THE SN THL. KEFHIZHER
f%é%’&ﬁiﬁﬁéhﬂ:ézﬁﬁ%ﬁ% AT RE S 5
3 fCIIR (2.2%), %% (56%), A& (33%) <,
B0 lwl b—2 (BE) TTETWA ). HERI
SREFEND LD, WHIEZA- TR, BETIE
ETHIB SNz 5 A8HTH5. 3D-HPLC THH
ZHRTOLEBONEWENREITNTHLEI Eb25
(F1). #ISEZETEHR BEHOBLONETSH
B, ERBETCRNROBEESREREENTHE
a5 Z Eh4% v (8-10).

3. BEmREMER

BANCIEH SN0 BEESTEEA T, g
TFFTCANY Py 773 - NTFFD1D
Td 5 CGRP (calcitonin gene related peptide) 2VKE
FEIC Lo THIEENEZ L Thol, EHIIT LT
nvay sy, kw b sk EAREFREFY 2, NZ

T Y,

. hydroxy & -sanshool hydroxy 8 -sanshool

6-gingesulfonic acid

H1 XEna0 3D-HPLC

UA FZEEPEET LI LI HESINA(L-16).
CGRPIZEMMBFRIBEEAPR S MR TF F(17) T,
bbb EBFRESEN T IEROW 2 D EIC
BEELTWwB W) RHEOTICHI T D= (4,5).
ZDRER, CGRP 7217 C7% { CGRP ZHEMHHERT I
KEFBIZL o THEZZTLZ EPFHELIE 2572,
CGRP ZHMITEEWIIFELS T, REALZHMRT
# A CRLR (calcitonin receptor-like receptor) A%hE 3
7ot AHET, ZOR#BAGIZIE RAMP (receptor
activity-modifying membrane protein) S hE TH 5.
RAMPIZIZ 3O ¥ 4 7HH 1, RAMPL 2554
5L CGRP ZZ&MBIZ7%: 555, RAMP2, RAMP3 #3815
TAHECGRPEFULANY = VEETHEERTFF
T# 5 ADM (adrenomedullin) D ZEMEICELT B 2
EHE RN (J2)A7).
bHONOERER,S, KEFEIZE-T RAMPI,
2,3DWENLBENTAZEVHELLERD, ANY
=773 = - RTFFFD2DDRTFF
CGRP & ADM B LU, ZOZHEMBEERFIKES
BOMRERTICHE L THB I LATRBENT,
7T FOEBEHEATREL TV A0V E
MIMEBREREETH 5 (17-19). 8512 CGRP 3 5HE
EEI LRI, SWERH (20) 2B b, ADM Tk
YA A4 AR QD) BB, o T, REFE

a-sanshool

b-shogaot

3-D HPLC (three-dimensional high-performance liquid chromatography) [Z& > TARESE (TJ-100. TU-100) OBREEICZEN
BDIEWHLUADERE BESE FEYERENZENTOLEWIEREShEK o,
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DL LR EBVER BRI A FTROCEERNTF

FTHb, WRTF FORELZECIEERLTSHY,

CGRP 13 3 SR 70 AR, ADM X EIC b
AR, EEBHMRE SIEMEEETH A RERE

DR A & REAMER R MBI AT,

ADM & CGRP B X U, ZAEABEERFAHE Sl
wEMAREZ A Z LEE S (B3).

Wiz, BT OEGBEREZED D20, BELR
BEMEEZ AV BE LM ADM 2 EET 5
TEERBERL, KEFHIZX o TREKREHEICADM
BEAEMNERI o7, EBTIHIUMEEEDN ADM 2L
THILERALL. SHIKILMEEZOERTD
T v LAEBERTo 7ok R, hydroxy- « -sanshool &
6-shogaol BEFWHTHH Z LHVHHE L7,

)@M/CGRP receptor j

2 ANV RIV - 7PEU~  RTF REEEORRE

Q)GRP receptor /\ADM receptor

SERIEEEIE CRLR (calcitonin receptor-like receptor) OEEAEIC RAMP (receptor activity-modifying membranea protein) his
T RBAMP] B'EibICEAS 9D & CORP REFICEDD, RAMPZ, RAMPI RV EICES T3 & CRP ULV Ry - D7 U—
RIFRTHBT R/ AF 21U ADM (adrenomedullin) OEZEECE(LTD.

* B (8-shogaol, hydroxy-a-sanshool)

&

B mE

3 XERRCBEmR

FPRULIAFaUY

AETEDEENE FFRRSBREHRIERERRT O E TP FU/ AT 2 UV ERVY b VBEFEENTF FBLUERHERERTN

HEINMRBNEI D T EDHERTN.
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4, 70— ROEE

70— VIRRREEBEBORETH Y BEIIFE
ERTWiW, 30 FRENTIE 1000 A b7z ko 7z
A, TOBBERIIBEL, BREESEBRBEEER

5 AAREET 13000 ALLEwa EHEEENTWVS.

Bk Tz 100 FAMEEBREZIN TS, 70— ViR

REH AR LR RICIIFEL h o I0RWTH 5.

—H, ENESEERRERESET I 0—VRICK
BREABATAIESHERINZERH o7
RIS D 5 D ODIERABFESTHO 20, B
TR—EHOEMEMIFEAL TWAICEE LW, £20

70— YE CRBEMROBIFHWET IV, BLU

BERTHESINTW5(22,23). TOFEREIE, #YE
TR AN S A — YRR, FICmEREICHES

T5CGRPVEEILBLTHILENEALLNT VA,

BEMKRETORD 70— VHEOERETH HiREH
BABIEL, WFOBRBEBE, TR BERELC
EELTWD, SHIREREFREORRICOZZS
h, MFEREFEERERS -7y P THBHI L%
BaNTw5S, BENZBREIEZLTHZN
(24-26).

bivbiug, KERHOBEEINREL L BELRE
gESE, F0— HORBENLEH LD TES

DT E272(4). F72, ADMICIEHLREIEN
FA MAA VEERPBREINTBY, 70— VRORK
HICEE LTV 2EELRESET S VALV THD
TNFa R INFyIZoWTHHEL#ED A (3). BERLE,
TNFa FRIEESENICERSNBN R T EA
TW5(27-29). 22T, REFEO 7 u— VREW
ETFNVIIBITAREETA b A v ~OVERZHETL
JiER, TNFa & INFy 2H#35 2 L8500 7.

T/, KESGHREE BEREIERL, su-
FEROMBETAEEL AV EFTHEINLI LN
BHEIN: &FH). 70— UHlBwTKRERE
rRETAHHRRNESRI, BIETRETTA-TV%
FUF, MRS & RIS E 2 CGRP A%
BALRBIIBNT, BEKELEZMEO ADM %
ML CGRP ZHi\v, MiT%2%ET AWML, ADM
WL BPBIEET A b A v, BIZ7 a— VREED
7=y NThHDHTNFa R INFy 2l L, SEEHF
Wy AWEEED 2oWELZLNS (M4). HE HXE
TT77REA_EHERABSIESINTEY, £0
HRPUEINS.

TEH

INETHLDP LR o D RERGOEIEHBRT
L L7z, REPHVAINY P = VBRIETFEERT T

kﬁ%ﬂ {6-shogaol, hydroxy-a -sanshool)

o i

B4 ABRBEIO—VRE

HESh3amiErE

mEERERA
RREEY T M1 {ER
(TNFa, INFvy, eiec.)

., 7’#[//)‘7‘1‘)/

SO0—VRICBVWTEDETWETH XA—VEZFTCULSHEERD SIRHERCABRE ALY b VEGFEENTT RYEA L, IRET
PEE KEDBERENE FEEEOT RU/ AF2UVERRTHCETIRENET DWEERET RFU /AT 21U VTR DFURERET A+
NHA Y, BICOO-VRABDY—5y FTHD TNFa® INFY ZHH L, NEZHETEDTME0 2 DHEZ SNS.
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FEALCBELREMER, WEEETA M A >
VERZZIEL, BEMRAEPLRESRTA Mo A4 21
o THRBEEAREIALEENE S O— VHIGEIZE
FTHATMEEEZRTE. KEFEOEHESD
LI hydroxy- « -sanshool & 8.2 ® 6-shogaol T
BT LAHB L. BEOHRET, INo0fsoi
HEEOEMAHL PR o7 58, ETETHRF
BHIEL D EEZ OND. BESBRCIRE A A
G-V =y 7 CEFEAOBEEIHREFEHIIELT,
TR LB EERBABRI;ITDN, AW
SEHENAZ L EHBETREZLTHE6). EHER
REMEEEPOHB L, FEERLFELLIICHERE
NAEBIZTCEIICHB LB LA(4).

X 3

1) Zollman C, et al. BMJ. 1999;319:693-696.
2) Turner RB, et al. N Engl J Med. 2005;353:341-348.
3) Kono T, et al. J Crohn's & Colitis. 2010;4:161-170.
4) Kono T, et al. Surgery. 2000;146:837-840.

LZzRedic

5) Kono T, et al. J Surg Res. 2008;150:78-84.
6) Manabe N, et al. Am J Physiol Gastrointest Liver Physiol. 2010;
298:G970-G975.
7) Sampson W. N Engl J Med. 2005;353:337-339.
8) Endo S, et al. Am J Surg. 2006;192:9-13.
9) Ttoh T, et al. J Int Med Res. 2002;30:428-432.
10) Suehiro T, et al. Hepatogastroenterology. 2005;52:97-100.
11) Jin XL, et al. Dig Dis Sci. 2001;46:1171-1176.
12) Nagano T, et al. Biol Pharm Bull. 1999;22:1131-1133.
13) Sato Y, et al. Biol Pharm Bull. 2004;27:1875-1877.
14) Satoh K, et al. Jpn J Pharmacol. 2001:86:32-37.
15) Satoh K, et al. Dig Dis Sei. 2001;46:250-256.
16) Shibata C, et al. Surgery. 1999;126:918-924.
17) Brain SD, et al. Physiol Rev. 2004;34:903-934.
18) Hinson JP, et al. Endocr Rev. 2000;21:138-167.
19) Kitamura K, et al. Biochem Biophys Res Commun. 1993;192:553-
560.
20) Kastin AJ. Handbook of Biologically Active Peptides. 2006.
p.1005-1011.
21) Wu R, et al. Regul Pept. 2003;112:19-26.
22) Carr ND, et al. Gut. 1986;27:542-549.
23) Hulten L, et al. Gastroenterology. 1977;72:388-396.
24) Angerson WJ, et al. Gut. 1993;34:1531-1534.
25) McLeod RS, et al. Dis Colon Rectum. 2009;52:919-927.
26) Hatoum OA, et al. Ann N Y Acad Sei. 2006;1072:78-97.
27) van Assche G, et al. Curr Drug Targets. 2009;25:323-328.
28) Yamamoto T, et al. Inflamm Bowel Dis. 2009;15:1460-1466.
29) Zabana Y, et al. Aliment Pharmacol Ther. 2009;31:553-560.

H-H

Presente— 193 —il*Online



ORIGINAL ARTICLE

Impact of Operative Blood Loss on Survival in Invasive
Ductal Adenocarcinoma of the Pancreas

Shunji Nagai, MD, PhD,* Tsutomu Fujii, MD, PhD,* Yasuhiro Kodera, MD, PhD,*
Mitsuro Kanda, MD, PhD,* Tevfik T. Sahin, MD,* Akiyuki Kanzaki, MD,* Suguru Yamada, MD, PhD,*
Hiroyuki Sugimoto, MD, PhD,* Shuji Nomoto, MD, PhD,* Shin Takeda, MD, PhD,*
Satoshi Morita, PhD,} and Akimasa Nakao, MD, PhD*

Objectives: The aim of this study was to determine the prognostic
factors and assess the impact of excessive operative blood loss (OBL)
on survival after pancreatectomy for invasive ductal adenocarcinoma.
Methods: From the retrospective analysis, 271 patients were eligible
for evaluation, Overall survival was assessed to clarify the prognostic
determinants, including patient characteristics, perioperative factors, and
tumor characteristics.

Results: The overall survival was significantly affected by the amount
of OBL. The median survival times were 26.0, 15.3, and 8.7 months for
OBL less than 1000, 1000 to 2000, and greater than 2000 mL, respec-
tively (<1000 vs 1000-2000 mL, P = 0.019; 1000-2000 vs >2000 mL,
P < 0.0001). Operative blood loss greater than 2000 mL remained an
independent prognostic factor in multivariate analysis (P = 0.003;
hazards ratio, 2.55). Operative blood loss of 2010 mL was found to be
an appropriate cutoff level to predict carly mortality within 6 months
after resection (sensitivity, 0.660; specificity, 0.739). Male sex, year of
resection, and plexus invasion were independently associated with OBL
greater than 2000 mL.

Conclusions: Excessive OBL was found to be a prognostic determi-
nant of survival after surgery for pancreatic cancer. Operative blood loss
can be used to stratify the risk for pancreatic cancer mortality. Success-
ful curative resection with limited blood loss can contribute to improved
survival.

Key Words: pancreatic cancer, opcrative blood loss, postoperative
complication, blood transfusion, prognostic factor

Abbreviations: OBL - operative blood loss, DGE - delayed gastric
emptying, ROC - receiver operating characteristic, MST - median
survival time, HR - hazards ratio

(Pancreas 2011;40: 3-9)

Pancreatic cancer is one of the most difficult malignancies
to cure, Curative resection is considered to be the most im-
portant factor for determining the outcome in patients with
pancreatic adenocarcinoma.' Notably, surgical resection is su-
perior to chemoradiation for locally invasive pancreatic cancer
without distant metastases or major arterial invasion and im-
proves survival.}
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The following factors have been reported to be associated
with overall survival in pancreatic cancer: patient demographics
such as age and sex; histopathologic factors such as tumor size,
differentiation, blood vessel or neural invasion, lymph node
status, and resection margins; and perioperative factors such
as type of resection, operative blood loss (OBL), red blood cel)
transfusion, operation time, era of resection, and chemother-
apy.*'® Operative blood loss and red blood cell transfusion are
also significant prognostic determinants for other cancer types,
such as hepatocellular carcinoma and gastric cancer.'®'? Pan-
createctomy is one of the most difficult and challenging opera-
tions and sometimes leads to massive blood loss and prolonged
operation time. Thus, it seems to be very important to better
understand the effect of surgical stress on survival in pancreatic
cancer. Although OBL has been proposed as a prognostic factor
in several studies of pancreatic cancer,””'! no study has demon-
strated a stratified risk for cancer mortality for OBL. Further-
more, to the best of our knowledge, no studies have determined
whether the amount of OBL may be associated with early cancer
mortality.

This was a retrospective study to identify prognostic factors
after curative resection of pancreatic cancer. The experience of
the large, single-center is favorable for this type of analysis, be-
cause experienced surgeons regularly perform pancreatectomies
and the postoperative course is under a well-organized perio-
perative management protocol, which means that there should
be little bias regarding treatments. The aim of this study was to
detect prognostic factors through comprehensive evaluation,
focusing on perioperative factors, particularly OBL. In addition,
we wished to statistically clarify the negative impact of OBL on
carly cancer mortality and determine whether there is a threshold
value for increasing the risk of early cancer mortality.

MATERIALS AND METHODS

Patient Selection

Between July 1981 and June 2009, there were 614 operative
cases of invasive ductal adenocarcinoma of the pancreas at the
Department of Surgery 1, Nagoya University, and 416 patients
underwent curative resection. The medical records of these
patients were reviewed retrospectively. After resection, the patients
were categorized based on the International Union Against Can-
cer classification system, sixth edition.'® Patients at stages i1l and
1V were considered inappropriate for this analysis because the
influence of invasion to the celiac or superior mesenteric artery
would likely mask other factors. Therefore, 104 patients at stage
HI or IV were excluded from this study, and the remaining
312 patients (204 males and 108 females) were evaluated. After
analyzing the operational and anesthetic records, 41 patients were
excluded because of insufficient data. Thus, 271 patients were
finally included in this study.
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Pancreatectomy and Perioperative Management

Pancreatic head resection, including pancreaticoduodenec-
tomy and pylorus-preserved pancreaticoduodenectomy, distal
pancreatectomy, or total pancreatectomy was performed based
on tumor location and the extent of invasion. Portal resection
was performed in combination with standard pancreatectomy in
patients with possible or definitive tumor invasion. Operative
blood loss was calculated by adding the contents of suction con-
tainers to the weight of laparotomy sponges at the end of each
surgical procedure. Unless contraindicated by the patient’s con-
dition, or for another reason, adjuvant chemotherapy was applied
for all patients using a treatment regimen based on the protocols
available at the time of treating each patient. Chemotherapeutics
consisted of 5-flucrouracil or gemcitabine. Postoperative compli-
cations occuring during hospitalization were evaluated based on
a modified Clavien grading system: grade 1, deviation from the
normal postoperative course without the need for therapy; grade
2, complications requiring pharmacologic treatment; grade 3,
complications requiring surgical, endoscopic, or radiologic in-
tervention (3a/b: without/with gencral anesthesia); grade 4, life-

threatening complications requiring intensive care; and grade 5,
death.'®?® To estimate pancreatic fistula, the classification of
the International Study Group of Pancreatic Fistula was applied,
and grade B (fistula requiring therapeutic intervention) or higher
was regarded as significant.?’ The diagnosis of delayed gastric
emptying (DGE) was based on the classification of the Inter-
national Study Group of Pancreatic Surgery, and grade B or
higher was regarded as significant %

Potential Prognostic Factors

Potential prognostic factors included patient characteristics
and perioperative factors. Perioperative factors included type of
resection, operation time, OBL, and intraoperative red blood cell
transfusion. The effects of intraoperative radiation therapy and
adjuvant chemotherapy on survival were also evaluated. Because
tumor characteristics may affect overall survival or perioperative
morbidity, all resected tumors were analyzed histopathologically
and evaluated as potential prognostic factors. Resection margin
and invasion of the portal vein system, arterial system, and
extrapancreatic nerve plexus were determined microscopically.

TABLE 1. Univariate Log-Rank Analysis of Patient Characteristics and Perioperative Factors

Neo. Patients 1-Year, % 3-Year, % MST, mo P

Ovenall 271 59.9 22.3 14.6
Age (mean = SD, 63.3 £ 9.1), yr

<70 196 63.7 24.6 15.7

270 75 479 14.6 11.2 0.187
Sex

Male 173 58.7 19.0 145

Female 98 62.2 29.4 14.7 0.432
Type of resection* )

Pancreatic head resection 198 60.5 23.7 15.3 0.010

Distal pancreatectomy 48 70.2 19.0 16.5 0.024

Total pancreatectomy 25 34.0 17.0 8.6
Operation time (mean, 7.7 £ 2.1), h

<8 149 66.9 30.8 21.1

>8 122 53.1 13.9 12.8 0.014
OBL (mean, 1693 = 1734), mLT

<1000 102 82.0 356 26.0

1000-2000 102 58.9 23.5 15.3 0.019

>2000 67 329 52 8.7 <0.0001
Red blood cell transfusion

Yes 104 41.3 1.3 10.7

No 167 74.3 31 23.7 <0.0001
Adjuvant chemotherapy ]

Yes 158 71.1 22.7 19.2

Ne 90 40.9 20.0 9.9 0.003
Intraoperative radiation therapy

Yes 163 59.6 14.3 15.2

No 108 61.1 36.6 14.6 0.068
Year of resection?

1981-199¢ 25 28.0 16.0 8.6 0.004

1991-2000 75 59.5 18.0 14.0 0.153

2001-2009 171 66.7 22.6 17.9

*P values for pancreatic head resection versus total pancreatectomy and distal versus total pancreatectomy.
*P values for less than 1000 versus 1000 to 2000 mL and 1000 to 2000 versus Greater than 2000 mL.
$P values for 1981-1990 versus 2001-2009 and 1991-2000 versus 2001-2009.

MST indicates median survival time.
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impact of Blood Loss on Pancreatic Cancer Survival
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FIGURE 1. Qverall survival of patients classified according to
OBL. The patients were classified into 3 groups according to OBL
of less than 1000 mL (n = 102; A), 1000 to 2000 ml. {n=102; B),
and greater than 2000 mL (n = 67; C). The MSTs were 26.0,

15.3, and 8.7 months, respectively.

The impact of each factor on survival was evaluated to deter-
mine independent prognostic factors. In addition, the possible
risk factors related to excessive blood loss were assessed. Any
deaths occurring during hospitalization and deaths related to
complications were excluded from the survival analysis because
the purpose of this study was elucidating the negative effect of
OBL on recurrence of cancer; only cancer-related deaths were
included in the survival analysis.

Statistical Analysis

The overall survival rates were estimated using the Kaplan-
Meier method, and the differences in the survival curves were
analyzed using a log-rank test. Multivariate analysis was per-
formed using the Cox regression model, which included vari-
ables with a log-rank test £ value of less than 0.05 as covaniates
in the final model. The outcome was total mortality, excluding
deaths attributed to complications. To analyze the risk factors
related to excessive OBL, differences in the numerical data be-
tween the 2 groups were examined using a ¥ test for univariate
analysis and logistic regression analysis for multivariate analy-
sis. Receiver operating characteristic (ROC) curve analysis was
performed to estimate the cutofT level for early mortality afler
pancreatectomy. To detect the cutoff level, we analyzed the point
of intersection of the ROC curve and the 45-degree line crossing
from the right upper to the left lower comer and detected the
intersection point closest to the left upper corner. Data are shown
as means * SD or medians with 95% confidence intervals. The
software package SPSS (version 16.0; SPSS Japan Inc, Tokyo,
Japan) was used for statistical analysis, and the level of signifi-
cance was set at P < 0.05.

RESULTS
The patient characteristics are summarized in Table 1. The
mean age was 63.3 + 9.1 years, and 75 (27.7%) of 271 patients
were older than 70 years. The mean operation time and OBL
were 7.7 = 2.1 hours and 1693 £ 1734 mL, respectively. The
MST was 14.6 months (range, 12.8~16.5 months), with 1-, 3-
and 5-year survival rates of 59.9%, 22.3%, and 13.5%, respec-
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tively. Adjuvant chemotherapy was indicated in 158 patients, and
intraoperative radiation therapy was performed in 163 patients.

Evaluation of Prognostic Factors for
Total Mortality

In univariale analyses, OBL, operation time, intraoperative
red blood cell transfusion, adjuvant chemotherapy, and year of
resection were significant prognostic factors (Table 1). Patients
were classified into 3 groups according to OBL. Of the 271
patients, the OBL was less than 1000, 1000-2000, and greater
than 2000 mL in 102, 102, and 67 patients, respectively. The
overall survival rate decreased significantly with increasing blood
loss (Fig. 1). The MSTs for OBL of less than 1000, 1000-2000,
and greater than 2000 mL were 26.0, 15.3, and 8.7 months, re-
spectively (<1000 vs 1000-2000 mL, P = 0.019; 1000-2000 vs
>2000 mL, P < 0.0001; <1000 vs >2000 mL, P < 0.0001). When
the patients were classified into 2 groups according to operation
time of less than 8 hours (n = 149) and longer than 8 hours
(n = 122), the MST was significanily shorter in the longer-than-
8-hour group than in the less-than-8-hour group (12.9 vs
21.1 months, P = (.014). The MST for patients with red blood
cell transfusion versus those without was 10.7 versus 23.7 months
(P < 0.0001).

We also evaluated the association between tumor character-
istics and survival. Tumor size larger than 2 em (P = 0.0009), not

TABLE 2. Univariate Log-Rank Analysis of Tumor
Characteristics

No. 1-Year, 3-Year, MST,

Patients % % mo P

Tumor size, cm

<2 44 823 41.0 271

>2 227 56.0 18.9 140  0.0009
Differentiation*

Well 42 79.5 486 356

Moderate or poor 229 55.8 155 140 0.0003
Invasion of the anterior pancreatic capsule*

Positive 157 52.5 18.7 12.8

Negative 114 68.1 262 164 0.032
Invasion of retroperitoneal tissue*

Positive 192 55.6 20.8 14.0

Negative 79 68.5 252 171 0.078
Portal invasion*

Positive 121 47.0 12.7 1.7

Negative 150 704 30.0 23.2 <0.000!
Arterial invasion*

Positive 31 34.9 163 112

Negative 240 63.1 233 156 0033
Plexus invasion*

Positive 67 34.2 iLs 106

Negative 204 68.1 26.1 19.2  <0.000!
Lymph node metastasis*

Positive 178 56.4 16.6 13.8

Negative 93 656 314 179 0.012
Resection margin™

Positive 76 39.1 12.8 929

Negative - 195 66.1 250 41.6 <0.0001

*Microscopic findings.
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well-differentiated tumor (P = 0.0003), invasion of the anterior
pancreatic capsule (P = 0.032), portal invasion (P < 0.0001),
arterial invasion (£ = 0.033), plexus invasion (P < 0.0001), lymph
node metastasis (P = 0.012), and positive resection margin
(P < 0.0001) were significantly associated with poor prognosis
(Table 2).

Multivariate survival analysis was performed to determine
which of the potential prognostic factors were independent
predictors for survival (Table 3). Operative blood loss greater
than 2000 mL (P = 0.003 vs <1000 mL), adjuvant chemotherapy
(P < 0.0001), not well-differentiated tumor (P = 0.002), and
plexus invasion (P = 0.014) remained independent factors, with
HRs of 2.55, 0.43, 2.39, and 1.76, respectively. By contrasi,
operation time, intraoperative red blood cell transfusion, and
year of resection were not independent factors. Similarly, after
performing multivariate analysis with thresholds for OBL (500,
750, 1000, 1500, and 2000 mL), the P value was 0.005 for the
threshold of 2000 mL., whereas the other thresholds were not
significant. The P values for the thresholds of 500, 750, 1000,
and 1500 mL were 0.818, 0.224, 0.095, and 0.330, respectively.

To assess the association between OBL and red blood cell
transfusion, patients were classified into 4 groups (A, OBL
<2000 mL and transfusion [—; n=155]; B, OBL <2000 mL and
transfusion [+; n = 49]; C, OBL >2000 mL and transfusion [—;
n = 12]; and D, OBL >2000 mL and transfusion [+; n = 55]), and
the overall survival was compared among these groups (Fig. 2).
The effect of red blood cell transfusion was significant when
OBL was 2000 mL or less (ie, A vs B, P = 0.011) but not
significant when OBL was greater than 2000 mL (ie, C vs D,
P = 0.596). Furthermore, OBL greater than 2000 mL was a
significant factor, when excluding the influence of red blood
cell transfusion (ie, A vs C, P=0.003 and B vs D, P = 0.003).
Finally, there was no significant difference in overall survival
between patients with OBL greater than 2000 mL without
transfusion and patients with OBL 2000 mL or less with trans-
fusion (ie, B vs C, P = 0.256).

TABLE 3. Multivariate Cox Regression Analysis

HR 95% CI P

Total pancreatectomy 1.42 0.87-2.32 0.159
Opcration time >8 h 1.08 0.70-1.65 0.737
OBL, mL

1000~-2000* 1.69 0.87-2.22 0.173

>2000* 2.55 1.35-4.35 0.003
Red blood cell transfusion 1.17 0.74-1.84 0.499
Adjuvant chemotherapy 0.43 0.29-0.64  <0.0001
Year of resection, 1981-1990 1.48 0.85-2.59 0.166
Tumor size =2 ¢cm 1.63 0.96-2.76 0.071
Not well differentiated 2.39 1.39-4.13 0.002
Invasion of the anterior 1.08 0.75-1.55 0.672

pancreatic capsule’
Portal invasion® 133 0.92-1.93 0.133
Arterial invasion® 0.78  0.45-1.35 0.378
Plexus invasion’ .76 1.12-2.77 0.014
Lymph node metastasis' LIl 0.72-1.71 0.625
Resection margin® 1.37 0.97-1.95 0.078

*P values versus less than 1000 mL.
"Microscopic findings.
HR indicates hazards ratio.
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FIGURE 2. Overall survival of patients classified according to O8L
and red blood cell transfusion. Patients classified into 4 groups
based on blood loss of 2000 or less or of greater than 2000 mL
and with versus without red blood cell transfusion (A, blood Joss
of 2000 mL or less and transfusion [—; n = 155]; B, blood loss
2000 mL or less and transfusion [+; n = 49]; C, blood loss greater
than 2000 mL and transfusion [—; n = 12]; and D, blood loss
greater than 2000 mL and transfusion [+; n = 55]). The MSTs
were 24.4, 12.1, 10.7, and 8.7 months in groups A, B, C,

and D, respectively.

Prediction of Early Mortality After
Pancreatectomy

Early mortality was defined as death within 6 months after
pancreatectomy. Receiver operating characteristic curve analysis
was used to determine the relationship between OBL and early
mortality (Fig. 3). The area under the curve was 0.751, and

1.00
75
g Sensiivity=0.660
£ itivity=0. -
2 50 Specificity=0.73g_J” Ot --2010mL
s
[72]
25
AUC=0.751
P<0.0001
0.00
0.00 25 50 75 1.00

1-Specificity

FIGURE 3. Receiver operating characteristic curve for bload loss as
a predictor of early mortality {within 6 months after surgery).

To detect the cutoff level for the prediction of early mortality,
the point of intersection of the ROC curve and the 45-degree line
crossing from the right upper to the left lower corner was
determined. At the closest intersection point to the left upper
corner, the sensitivity and the specificity were 0.660 and 0.739,
respectively, at which the OBL was equivalent to 2010 mL.

AUC indicates area under the curve.
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P <0.0001. Thus, OBL seems to be a good parameter to predict
moniality within 6 months after resection. The closest intersection
point to the left upper comer of the ROC curve and the 45-degree
line crossing from the right upper to the left lower corner is shown
in Figure 3. At the point of intersection, the sensitivity and the
specificity were 0.660 and 0.739, respectively. The OBL at this
point was equivalent to 2010 mL, which can be regarded as an
appropriate cutoff level for the prediction of early mortality after
a pancreatectomy for invasive ductal adenocarcinoma.

Risk Factors for Excessive Blood Loss
Our results previously described in this article show that ex-
cessive blood loss, particularly blood loss greater than 2000 mL,

was associated with poor prognosis. Therefore, the possible risk
factors related to OBL greater than 2000 mL were evaluated for
patient and tumor characteristics. Table 4 shows the results of
the univariate analyses. On multivariate analysis, all variables
found to be significant in the univariate analyses, except for
positive resection margin, were independently associated with
OBL greater than 2000 mL (male: P = 0.009, HR = 2.76; year
1981-1990: P < 0.0001, HR = 13.69; year 1991-2000: P <
0.0001, HR = 4.08; plexus invasion: P < 0.0001, HR = 2.83;
resection margin: P = 0.284, HR = 1.54). The correlation be-
tween operation time and blood loss was also analyzed and
found to be significant (P < 0.0001; correlation coefficient,
0.528; data not shown).

TABLE 4. Possible Risk Factors for Blood Loss Greater than 2000 mL

OBL >2000 mL

No. Patients (%) P Odds Ratio (95% CI)
Tumor size, cm
>2 61/227 (26.9) 0.072 2.27 (0.91-5.64)
<2 6/44 (13.6)
Differentiation
Not well 58/229 (25.3) 0.703 1.17 (0.53-2.60)
Well 9/42 (21.4)

Invasion of the anterior pancreatic capsule’

Positive 35/157 (22.3) 0.276 0.74 (0.42-1.28)
Negative 32/114 (28.1)

Invasion of retroperitoneal tissue’ '
Positive 53/192 (27.6) 0.087 1.77 (0.92-3.42)
Negative 14/79 (17.7)

Portal invasion®
Positive 35/121 (28.9) 0.150 1.50 (0.86-2.61)
Negative 32/150 (21.3)

Arterial invasion®
Positive 10/31 (32.2) 0.301 1.53 (0.68-3.44)
Negative 57/240 (23.8)

Plexus invasion®
Positive 30/67 (47.8) <0.0001 3.66 (2.01-6.66)
Negative 37/204 (18.1)

Lymph node metastasis
Positive 46/178 (25.8) 0.555 1.20 (0.66-2.16)
Negative 21/93 (22.6)

Resection margin'
Positive 26/76 (34.2) 0.025 1.96 (1.08-3.54)
Negative 417195 (21.0)

Age, yr
>70 12175 (22.7) 0.627 0.86 (0.46-1.60)
<70 507196 (25.5)

Sex
Male 54/173 3L.2) 0.00t 2.97 (1.52-5.78)
Female 13/98 (13.3)

Year of resection’
1981-1990 17/25 (68.0) <0.0001 14.4 (5.5-37.3)
19912000 28/75 (37.3) <0.0001 4.0 (2.1-7.7)
2001-2009 22/171 (12.9)
*y? analysis.

TMicroscopic findings.

Univariate P values for 2001-2009 versus 1981—1990 and 2001-2009 versus 1991-2000.
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Postoperative Complications

Postoperative complications of grade 3 or higher occurred
in 29.5% of patients (3a, 71; 3b, 6; 4, 3). In patients with OBL of
2000 mL or less and greater than 2000 mL, the rates of com-
plications of grade 3 or higher were 27.5% (56/204; 3a, 53;
3b, 2; 4, 1) and 35.8% (24/67; 3a, 18; 3b, 4; 4, 2), respectively
(P = 0.193). There was no difference between these 2 groups
regarding the rates of pancreatic fistula, bile leak, postoperative
bleeding, severe infection, cardiopulmonary dysfunction, or liver
dysfunction (data not shown). The development of DGE was sig-
nificantly associated with greater blood loss (P < 0.0001; 18.5%
[12/65] for <2000 mL vs 4.4% [9/203] for >2000 mL [data not
available in 3 patients]).

DISCUSSION

The outcomes of pancreatic cancer are continuing to im-
prove, but this cancer remains a devastating disease. There may
be several reasons that contribute to the improved outcomes,
including advances in surgical techniques, availability of novel
antineoplastic agems development of diagnostic tools, and pa-
tient education.>>~2% In this study, we evaluated potential prog-
nostic factors by using comprehensive and specific analyses and
found that excessive blood loss was significantly and negatively
associated with the survival of patients with invasive ductal
adenocarcinoma of the pancreas.

In other studies,>'" blood loss of 400 or 750 mL was pro-
posed as a threshold for prognostic determinant. However, it
is possible that these earlier studies ignored the stratified risk
of blood loss because they only compared survival between
2 groups that were divided at these cutoff values. To date, no
study has conducted a detailed statistical analysis by classify-
ing patients into several groups based on the level of OBL in
pancreatic cancer. When the thresholds were set at 1000 and
2000 mL, the overall survival was significantly affected based
on the comparison among these 3 groups. Thus, these results
propose a staging system to explain the stratified risk of OBL.
This also clearly demonstrates the negative influence of OBL
on survival after a pancreatectomy.

Moreover, OBL greater than 2010 ml was a sensitive and
specific cutofT level to predict early mortality within 6 months
after pancreatectomy for invasive ductal adenocarcinoma. Mean-
while, no studies have proposed a prediction level for early mor-
tality. Surgical stress can deteriorate the patient’s condition, which
may increase susceptibility to complications or accelerate tumor
progression. When considering the overall survival in patients
with pancreatic cancer, it was unclear how much surgical stress
can be significant. Our results suggest that OBL greater than
2010 mL significantly increases the possibility of early mortality,
and this factor may be a surrogate parameter for fatal surgical
stress. In recent years, the amount of blood loss has rarely ex-
ceeded 2000 mL because of improvements in surgical techniques.
However, it is not uncommon to experience excessive blood loss
in a resection of advanced pancreatic cancer, particularly when
portal resection or plexus dissection is needed. In such situations,
this cutoff level is valuable to realize the risk of serious sequelae.

There are several explanations for the negative effects of
excessive blood loss. Excessive hemorrhage during operation
may cause tumor manipulation, which may spread the tumor into
the blood stream and may cause recurrence.’*>” In addition,
large amounts of blood loss are associated with elevated levels
of interleukins | and 6 and tumor necrosis factor due to intrao-
perative hypotensive episodes, which could increase the risk for
early postoperative mortality.!”#2% In our study, we excluded
deaths during the first hospitalization and any related complica-
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tions. It is assumed that excessive blood loss is associated with
recurrence of pancreatic cancer. Of note, excessive OBL was not
associated with the occurrence of postoperative complications,
except for DGE. The lack of a significant relationship between
the occurrence of major postoperative complications and OBL
greater than 2000 mL means that the adverse effect of high-
volume blood loss is latent and difficult to realize during the early
postoperative period. Although these explanations are specula-
tions, the possibility of a poor prognosis after excessive blood
loss should be taken into consideration.

The mechanisms involved in the adverse effects of red
blood cell transfusion may be related to impaired immunity
or enhanced inflammation, which may lead to tumor growth or
recurrence, although there is no definitive explanation for
this.>® Transfusnon has been proposed as a prognosnc factor in
other malignancies. 111632 O the other hand, in other studies of
pancreatic cancer, OBL rather than red blood cell transfusion
was an independent factor,™™'! which is consistent with the
results of this present study. When analyzing the prognostic
factors overall, the influence of high blood loss possibly biased
that of red blood cell transfusion, which explains why red blood
cell transfusion was not an independent factor in multivaniate
analysis. However, red blood cell transfusion had a significant
influence on survival when blood loss was 2000 mL or less.
Although the effect of excessive blood loss on survival was more
pronounced than that of red blood cell transfusion, the survival
rate could be improved by avoiding red blood cell transfusion
because, as shown in Figure 2, the survival rate was better in
patients without transfusion than in patients with transfusion if
the OBL was 2000 mL or less.

Established surgical techniques are essential for the resec-
tion of advanced pancreatic cancer.™ Portal resection and plexus
dissection are more performed in our msnluuon than in other
institutions to achieve curative resection.’ According to our
results, blood loss significantly increased when the tumor in-
vaded the plexus, but invasion remained an independent prog-
nostic factor. These results indicate that the negative effect of
excessive blood loss and the aggressiveness of the tumor itself
may independently affect prognosis. Thus, reducing blood loss
in resectable advanced pancreatic cancer could provide further
improvements in survival.

It is necessary lo continue to improve and develop new
surgical methods to reduce blood loss. More complicated pro-
cedures in a pancreatectomy involve dissection around the portal
vein, the superior mesenteric artery, and the plexus. In our in-
stitution, the Anthron catheter (Toray Medical, Chiba, Japan}, an
antithrombogenic catheter made from a heparinized hydrophilic
polymer, is implanted during resection of the portal vein.>* This
catheter helps to reduce the pressure of the superior mesenteric
vein during portal clamping and facilitates dissection around the
portal, splenic, and inferior mesenteric veins, thus decreasing
blood loss. The mesenteric approach, which is routinely per-
formed in our institution, also prompts the ligation of efferent
vessels such as the gastroduodenal and inferior pancreatic du-
odenal arteries, thus allowing us to safely perform portal resec-
tion and to successfully complete radical lymph node dissection
around the superior mesenteric artery and the portal vein.® It is
hoped, despite the lack of hard evidence, that these sophisticated
surgical procedures and novel ideas enable pancreatic resection
with minimal blood loss, leading to improved survival. From
this point of view, the year of resection should have been an
important prognostic factor, whereas it was actually found not to
be an independent prognostic factor in the multivariate analysis,
suggesting that the year of resection is simply a proxy for op-
erative techniques and, ultimately, OBL.
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