(HAEE~DORK)

AWFRIL, BNEHRICRKIT HHEBEESOER
EZ LT BEMLOOXECIBEEEET
Tt |

C. BIR&EER
1) YA T/ MrseeiEE

BIEAE (20C) AWV TESBEBERITEZIT-
HRET, EMNBREBREV YDV TRAET 4
— & LCHATFTRE TH » HEFNC I T B HfTal. A
TUMERES (/MR ERED . ICU B=
BB T AIREEFITHRE 70 —F ¥ o —H
W UIABRBIT 2B 2o, #iTAT (n=18) T
i 3 BIEBLE 10 %O /MR OE X1, 23.3
(GE#) £69 (1SD) pym T, KEmEARIL 68.0
() 151 (1SD) %db oz, AT LB
B T/ MREmERKERT (n=15) DOREBRLE 10
Sy om/ME AR DR XX 58 (F¥) £ 09 (1

SD) um T, EELEARIE 213 (FH) +68 (1°

SD.) %dote, ICUREE (n=9) IZBITHHE
BRfA 10 O M/ MRIROE 31X, 216 (FH)
£79 (1SD) pym T, REHSHRIL 623 (F)
£ 114 (1SD) %bot=, —F, PEEEEKR
(28°C) ERAVTRHEBHRIT LT BEITH
FARRIITROLEBY Thote, #Hial (n=11)
2361 B RIERLE 10 £ % O /MR DR & 13,
193 (F#) £10.1 (18SD) pym T, RKESEHR
13554 (EH) £172 (1SD) % Th-72, AL
L EE A % Tl MRE L EERT (n=9) ORE
BR& 10 3% D /MR LA DR S 1% 5.6 (F#1)+£0.7
(1SD) ym T, KESHERIX219 (FHB) £75
(18D) % Tholz, ICUREHE (n=5) (ZBIF
HRIEML 10 DEOM/MIMBOR S, 11.0
(F#) £8.1 (1SD) pym T, REEHFRIL39.1
(¥ £208 (1SD) % ThoTz, WTHOR
23V T b, HTRT & bk U C AT OB E % (2
B & 2372 M/ IMRBSAEIE T 23388 b, ICU =R
(CIE L, PEEEAR (28C) BEH
T, WrEio M/ MEESRESE TR . AL
B T/ MRE MR TIE, MBICIZEALE

NEL | ICU RBE TIIPEERERBERHOS
23, M/ MRESREDMEV MEM A3ER D b iz,
2) fEhRm i

BOLREICHOVWTRFLTAD L, BIEEER
(20C) AW TERLBRIFZITo-BH
(n=28) TiI. FRMEKBANIL, 145 B £113 B
fr. ErEFEAEMEE 171 BAL + 107 B, REM
ANREIA 22.9 Bifir £ 19.1 B ThHolz, —H.
PR (28°C) 2RV TR BLBRINELT
o 7= B (0=25)TiX, FRIMEKEH] 6.0 BfZ +69 H
fr. FrREORAE MEE 6.5 WAL + 7.7 L, REM/D
BB 4.0 BT +10.4 BN Tdh o 7o, FRIMEREFH,
FHRERFSMEE, REM/MIEA . WThORANS
BT HEMEIX, PEEREREETORWVER
Whot, ¥, I/MREFE 2 LEL LIZE
Bk, BIEER (20C) BETIX. 71% (20/28)
Tdh o725, PEEEER (28°C) EFITIE, 16%
(4725) THoT=,

ABASAIRRE (20°C) 1T\ T, PHEEEMAKIRRE
LB LT ICU SRR OM/MREERES &> T2
O, /R RFE L B S BIREIREE TE Ao T
TLDOEBTHDHLEZDN,

D. 8

PR E COBEEBRL AW SHLSBERITIC
Lk L C ., AR RIS 72 28 CHhEEEE
BTEHTIR. (B) BERROKE THDHHINE
B OER., BBOREEZ:, FEBRE.
FRCESL 2 RIE, MEE. Hfvdme 25
BB cx, REHEEPLHLAD 2R Y Twamm
surgery] OFEBBIFTE S 5,

AT, PEEEER T SHEERIT &8
SRR TRREBEREF, ThEROFMIIBITD
M/ MESEEDHEB 2 HIE L, &L OERS
DI EITO Z LIC &, BERO M/ MREEEE.
IEMBERIC S 2 B A %7 MERE L, £ER
SMRIERT 7 28 CHEEEAIR T FMTIC T, §
RTOMKRF GROBREF, FREFAE M, &
JE i /MR B OB &S D IRVEBHZ S o T2,
TR, AT R (B 48 L/ AR i i S T 0D o,

_.33_



ISR A R TR LB S, BIEARN T,

/MR A O® Sk, #TAT 23.3um A5 A A
BRI % Cif MRS I EHERTIC 5.8um ~, RE &L
AHRIX, 653%025 213%~DEFT Tholz43,
T EEEKRSHSERINH TIX. o/MRLED
B &k, #TAT 193um A6 A OB R % c il
IR ERILERRTIC 5.6um ~, Rild HHRIL, 554%
6 219%~DETTHY ., PEEEAER (28C)
SHLBRINHE CTET O/ MUSEETRA 8D
RV (BICRBSFHRIIBWVWT) E#lREloT
oo LU, Z0 L5 REKBEOENMNILS
FEFOM/RBREDIERT T, BRIhLD
BRERTORACKT HMEDR S A&
EBATEHZLIIRETH Y, f/MRBRELSA D
BEHRER, REL EMORFIEMCBES LT
WARIEEMREWEE X HN B,

F 7, BIEERBEE (20C) 2BV T, /R
KA &/ M nF SR/ <, PEEEA
BB & Ll LT ICU YR =% o i /MREERE A3/ 5>
S0, BEERBETIE, /MR, BES
BR. RELEORBICL Y, HOEMMAHL .,
f/MREAE M L W/ RgESY L &E
SERVWELEMATET TCERNILERBRLT
WabDEEZ LN,

S, PEEEKRER (28C) SHLBHFCE
Wi &AL R WEFIZOWNWT, & HITEEML
BREMI T FETH B,

E. &

o NEEEMEKE (28°C) BB BRATE TiL,
BEEE (20C) BB LT, BB
RWMERBR O,

& PEHEEEAKR CTIIHBEKR L LB L T/ MR
BEEE T HAEM I N TV B AT T S
Teo LD2U7Z2A 6| m/MERELIA DORF (8
BRI R. RERY) N@mBEOELIZR L
TIVHSBEELTWVBRLDEEZ T,

o BEMBH TIX. /MRS, BEBESR.
RIER OB LY iR A54< . Mo/
RIS L 0 I/ MRERES L v EX

HRWEIEMBFET TERNbDLEEZL LN
Yl

F. REfaRIFH
oL

G BET 3 ARRK

1. BRCER

1) Banno F, Kokame K, Okuda T, Honda S, Miyata
S, Kato H, Tomiyama Y, Miyata T. Complete
deficiency in ADAMTSI13 is prothrombotic, but
it alone is not sufficient to cause thrombotic
thrombocytopenic  purpura. Blood. 2006;
107:3161-3166.

2) Shiraga H, Miyata S., Kato H., Kashiwagi H.,
Honda S., Kurata Y., Tomiyama Y., Kanakura Y.
Impaired platelet function in a patient with P2Y;,
deficiency caused by a mutation in the translation
initiation codon. J Thrmb Haemost 2005; 3:
2315-2323.

3) Kato H, Kashiwagi H., Shiraga M., Tadokoro S,
Kamae T., Ujiie H, Honda S., Miyata S, jinn Y,,
Yamamoto J., Maeda N., Funahashi T, Kurata Y,,
Shimomura 1, Tomiyama Y, Kanakura Y.
Adiponectin acts as an endogenous antithrombotic
factor. Arterioscler Thromb Vasc Biol. 2006; 26:
224-230.

4) EHEEH: ARARYBDN Y —EIZBET
ER. It BE¥OHWH wlER EFOH
BB, Wo—mk & EREEHEKEXSHT
2006; 218 (6) :585-592.

5) FHARE., EHES: ALH-fMBERICKT
SHUIL/MRERIE. FLl/ MRIRIEOFH LV MEV TS .
NILE—R, BEZ & EXSr—F it
2006; 153-158.

6) EHSMH. 4 AREH, KLY LEOES
MERomm - &R (B e nRs
update] B EF DA 2008, 224: 210-216.

7) EBEEME. #®iMic BT 5 Information

Technology [#ifiDEZE&EHE) . BEKRE

_34_



2008; 52: 195-200.

8) BEMHEZ, KETEE. EHRH. RAEMH,
FREE—, BRHRE. B JEER. BEx—.
FEMmEK, SRss, SBEE. ENAK
ABO FEEWMORBAREIC L 2. AX
M AR TAEE A EE 2007, 53(3): 374-382.

2. FOBER

1) Miyata S, Kamei
implementing local guidelines for appropriate
and safe clinical blood transfusion (based on
actual WHO Workshop on
Appropriate and Safe Clinical Blood Transfusion.
Macao, China, 2005.

2) Miyata S., Kamei M. Effective interventions in
changing the prescribing habit of blood
transfusion (based on local experiences). WHO
Workshop on Appropriate and Safe Clinical
Blood Transfusion. Macao, China, 2005.

M. Developing and

experiences).

3) AWML BIFBCE, BHZH., ILARE., AR,

ERRER. NKRRER., BEBR: 77o—U
EERETICBITAA T L RE~ES o
AEOWH 30 BT RBL A IHERER
52288 B 53 B EABMLERKRE. K
I, 2005.

4) ASHMB, BIBE, RS, THERH. LA,

&6k, BRI AR, BEBCRN: L
B T REBAR A SR ATHE G LI aiET L=
HCmiT i ERmf RICEEL. 5 53 E
A AR F2RE, I, 2005.

5) EMREM: TLTHEIEREGLESNEET
Bl B BIZ OV TORRET, 2 58 8 B AKER
AR FES MRS, ML, 2005

6) EMRA: m/MURTEHIR U/ NMEERE. 5
29 [F] B A MR FHEFR. &, 2005

7) EHEM: BRI EEABIETESR
B X BT oM S 2T LAOEA.
% 33 F H ARBEFSMRE, BE. 2005

8) EH&E: “ERAEEH DR - LERNARS
IC B ERIA —. 5 25 [B] B AREG R pRER
FaBa. KBk, 2005.

9) EEZRM: NRBLHTICRTAEmMNY K —
BEOTHIZEZDEBIZOVTOER. § 42
BE/NRIERBERIRS. A HE. 2006.

10) BFEE, FHMER. BEER: A TOMMicks
M/ MRESREREE L EOX K. 5§ 11 B B AL
B BT RS, R, 2006.

11) EE%H. BHEE, LR AREE. KM
B, EHEE. FHE. \ARRER LM
BEARFHICBT B/ ML L E LS
fERRAT-. %550 B A F ST #X TR
2. KBk, 2006.

12) EmEEH. AHFEEE, LAE, ARBEE KA
W, RS, AR, /RRER DL
FEARFEMICBIT B0/ MRRAIERREE
HIRIERDE 2 2 8. 5§ 55 [ B ARRfLF
2. AHE. 2007.

13) EHERM, 2 KRB, AHBEFE, LAK. A
BEE RABE EFEE, KHY: BER
BRI 351 24y i B4 A D 3 B AR e & SR
55 B B Al ¥ S, 4 WE., 2007.

14) EHEM. RE®E, LK B.ARBEE K
BRER . VERE TE. BHBEE. E 4 RTEH . K
By KEHOLOBIERSER . RARGH0. 5
51 [ A A M S K MmRe, kb,
2007.

15) B BE ARBE, LA B RAKE. £
HE IE. B R A Ry b VT s
FICRITET AT I JH— L EH. F51EA
Al F TSR fudkil, 2007.

H. SRMERO HE-B&RT (FEXS )
2L

_35_..



EEFBHFHAMDE RRBEBFLEFZRFRAREETFRER)
HEPIRBEE

S RBIRE BHRATIZI01T 2 BIRAIRFE O T E E EEIRRIED SR L RIFIM & A
% SWREMREERITIC BT SBIEARERE L PERERBRIED 7 ¥ AMELBAR

IZB8T DR
x B 0B R /< R 5
e « X BE H B #B % N A K # =

FEBFISTAR DE1To 7,

WRES : BIEARRELEEFER L L TEESB2BRIFCEWVT, Bl £BN
R THER T CHPESEERR TRHRBRAL O TS, F—BEEL LT 28CH
HEFIRKIR L 20CRBIRMEIRIZHBIT 5% % ORBEER LT B 2D E R L FERIMR &
JSTAR I D#ERZEE 2 €. Kl BE0EL FEFME
BiZ., L - SFHEORARACHEA TERERYIM 2 & L BIROFMER & UTRE
L. &Y EBIZHETT ¥ MR (JSTARID %177,

A WFRAEH

S KBRS BHRATIZ VT, BRAOEITHNE
7t (SCP) PEA2IHITEND LIy, 5%
TIIMGRE L TOBBREODIZHVLH
TOWEBEHRBBRAARTIER o T&EL
EZZ BN TW5, BERAMIZIIH PRI ERY
22 BT, ARTIIEL OMR THEE
BEEBTEHEBBFNALLNTETNS, =
D_BHEHMEBICHEL, TREThORENEH
FEIZT 3 BRI CTABRIIBRs S iz, B—BRE L
LT, T PEEEEKR TR L BIEEKRT RN
(31T B HEFRILFEFTR X RAEAE (JSTARID)
ZiTol, Sl&EBGWT, TOBINT — 2 1ol
mEBDXEATEFMEBIC, ETC - BIHEORAE
B AW %A LR EERYM 2 &£ BRI
HBELTREL, MR (8H) TLYHME
W B TT v ¥ AMuBBk (JSTARID) %217

ST,

‘B. FRFIE

E—BpEL LT, SCP 2 HrEFERL LI-SH
2EHRITICBNT, 28 CHEEEMEEL 20T
BEARIZR T 52 HaREEAH & BEFR
(JSTAR D%17 o7, Fiftid. MEEPHIBHTIC
SCP 2MREFEFELL T ADBEATOLEZHAV:
SEHAEENERECIVSRLEREYTo. &
Bt SCP JE, SCP H#ix@® REREIR 20°C SCP JE
30-50 mmHg — 10 ml/kg/min, @ HERLIR 28°C
SCP /£ 250 mmHg — 15~25 mV/kg/min. Ffff
EHIX, 1) i 30 B LN T, BLO- 8
. LEREE . mEE, BEE. dil, &R, 2L
BOHEDORAEIE, BIUR)EERT—%:. O FR
FiE OHimE QEREEH OFRKRE ©
PR ERE OB A, ITHEE OBREBE ©F
Dfh, Thoto, BE_EBPEL LT, 28CHIEZRF
SEBHFETSHLBERNTE 20CHTERBIEE
BTEHEBRMMCEIT 2R (8RR 7

_36_



v ¥ MEHEBRBIFZEJSTAR ID%1T-7-, 80
RABOFENSHBRITEELTRLL,
BT ORBIR A X FEWT S OB FHT 21T
BERBRAIN, £ BRABE . BFHRED
A, KB EOEES TEFMEERIC, 3E
T - AUHEDRAEFE MR A TR S IR 2
YR BIRATHMEEB & LTRE L, 707 MMeD
Fedic, BFESNERBEL LR TR 111 (29
RBFZTEF T,

C. WramE

JSTAR I Tid, #ABETit 34 BlORERIBERA 2 &
N, TPITHESERELAD, D56, LA
20 260, FFRALN 2 6, REEE 2 6,
HiLd 1 5 CHhH o7z, LARED 1 FINBEERE
HEDET L, BEEED 1 ICHRRIEEZEL
7eds, BB AR LA, WTh bR OFE
BEMRIIEL., VI FRHATH o=, BERERIC
BNTHRETF — F I RITIIMEHLESBKT L
TWRVWAE, TFNThOSBEERTOREHK. T
bbb, PEEKEKRBTEC, AHEEZED
BFEFROBAERENES ., BOBEHLDRI A
TR G SV VEEASRE S v, JSTARIT
i, 15 BIDIEFIR B 2T, SEFIREHII R
REBAXELZRFZ L TTHRINZEELID D
KIBIZHAD Lz, £ OXE 2FREITES ORE{L
LIEGIOBEHLTHA S ¢ Ex OGN, SR
Bt R OEFIEIIHE Z i nb oD, D
REBBOEH CHEBAR A 2 HPKREBARFE
BT OPHESHTRTL » FEE S, JSTAR II OBk
AEEIMNLTLE -7z, RERICRE LT 36T
WROEEZMPIIRE R S, B&FREPEL
Teo BEBROREIX 26T, 1HITHBRLE
fER DRIEE FT- L, T/ 1 HITHig o fieic &
BERAEEZ KL, WThLRRL, FESER
AR L RRERITIEL, HHVIFATHS
LEZLN, WTRLBEGBERE Sz, £OMD
FEFMEE . BRRAFHEEE & HICHRRICE
WTTF— 4 OEH, P TH S,

D. £

BEKBRECRDY PEEREKBRTSH2E
BITR, FICEBIZBWTREL TThhvooh b
B, RETET UV RLRDZBENRZLOOMBBRE
ThD, BEDEMFEDI LIIAEIIR LTRER
B DR R, ZFOREHEORILL DT — 4
DRHMEYFIN TN D, LEd>T, ABIRIE
EBM BRIZBIT 2P EEEER T SHSE BRI
DRLEWEFRTHOO—HREBI>BEERLD L
Ezbhiz, LG, KRERFHICETS
BERBFZE., ¢V bIT 7 v FA{LLBERR
(JSTARIDIZ BN TIEZ D BE BRERHD B 1 2XAT
Lo ¢T3 RETH - 1=, FEFED
ARPERHIIIIRT 15F Uiz <. ER5HIM
ERE b TEFBESEMTSZ L 2H/FLE
VY,

E. #&#%

JSTARI & JSTARII %53tk & U TIERIATF
EE1To7, JSTARI IZBWTHEEKEKRET
HMFEIN-EFRPHER INEN, BEERELD
BB IR LB 21T o 7= JSTAR 11 O LB M FF7
nd,

F. fERfaiRiE®
7L

G. WFEREK

1. @XREK

1 )Ogino H, AndoM, SasakiH, Minatoya
K. Total arch replacement using a stepwise
distal anastomosis for arch aneurysms with
distal extension.
Cardiothoracic Surgery,29(2):255-7, 2006

2)Minatoya K, Ogino H, Matsuda H, Sasaki
H, Yagihara T, Kitamura S. Surgical

European dJournal of

management of distal arch aneurysm:
another approach with improved results.
Ann Thorac Surg, 81(4):1353-6, 2006

_37_.



3) Sasaki H, Ogino H, Matsuda H, Minatoya
K, Ando M, Kitamura S: Intergraded total
arch replacement using selective cerebral

perfusion: a six-year experience. Ann
Thorac Surg, 83(2): S805-10,2007

2. FRRER

ER SRR

1) Minatoya K, Ogino H, Matsuda H, Sasaki
H, Yagihara T, Kitamura S. Evolving
selective cerebral perfusion for aortic arch

operations: high flow rate with moderate

hypothermic circulatory arrest. The
American Association for Thoracic Surgery.
Annual Meeting 2005.

2) Ogino H, Minatoya K, Matsuda H,
Sasaki H, Ando M, Kitamura S: Evolving
surgery for acute A aortic dissection using
selective cerebral perfusion and with
aggressive total arch repair American
Heart Association. 2006.

3) Sasaki H, Ogino H, Matsuda H, Minatoya
K, Ando M, Kitamura S: Integrated total
arch replacement using selective cerebral
perfusion: Six years’ experience. Aortic

Surgery Symposium.2006.

4) Ogino H, Sasaki H, Minatoya K, Matsuda H,

Watanuki H, Kitamura S: Evolving arch
surgery using integrated antegrade selective
cerebral perfusion; impact of axillary artery
perfusion. The American Association. for
Thoracic Surgery. Annual Meeting 2007.

5) Minatoya K, Ogino H, Matsuda H. Sasaki H,
Kobayashi J, Yagihara T, Kitamura S: Mitral valve
operations in patients with Marfan's syndrome. The
Society for Heart Valve Disease Fourth Biennial
Meeting 2007.

6 ) Minatoya K, Ogino H, Matsuda H, Sasaki H,

Kobayashi J, Yagihara T, Kitamura S: Rapid

and safe establishment of cardiopulmonary
bypass in repair of acute aortic dissection :
improved results with double cannulation.
The European
Cardio-Thoracic Surgery Annual Meeting
2007.

Association for

ENFRER

1)

2)

3)

4)

BEAMWE], IKE B A B Ex KER, &
Bk, JbH 2 —AR:80 Ll Lo EEE o34
LEHMKBNRFN. F 35 B HAMEANRES
B2 2007.
o2 ARREH ., KEF B, 2@ B, BAHS. &
EifkE, b8 —B88: KBRS o BREE %
o SEBNI T DS B RENRFHATRREE. 5
37 [ B A% Ll & S B F 2 TR S 2007.
WERE, K B LE B B8 #F.
& ARREHR, bR —BR . 2t A BUKEBhRAZEE
{Z¥31F3 Total arch replacement & OF Hemiarch
replacement #7{% DB ERAFEEEROHER. 5 35
[B] A A E A B E 2R = 2007,
R th KH B RE B BAMHE. ka
AE, BEERE, MR —R. 2 A BXE
IRARERE I BT D 2SR ERITOZ 44, 8 35
5] 5 A fn 44 P2 2007.

. M EREDHER - BERT

. R IAE
L

2. EHHRBRE

3.

®mL

Z 0k
2L



BAGBR BB E (BRBRBEEEBIRASRRSTTRERS)
RemRasEE

SIMRENREEBITIC 1T D BIEKIERE & P EEEKBRIED T ¥ ML
BRI T AR
AT B LT —F <R VA MIBET LR

SEBRE  EMERSHE LY —HREFTREER
FEBRFERFEBE FH SR E R

BB HE

=R RT
KA EH

BIAEE : 28CH SRR TS B2RMIT L 20CREHRE TSRS BRIFOBMEY L
BT BB, SRBRIEFNE X WAPE & SRR T & 2MCHBRBS BP9
RE SN, K, MDD, TORBBAZE THFH BB, S RMET- 12,
Rl & TEFFROEHIREOIT L, #ik 3 BETOF—F DHI LY, T2 5 Muitsk
RROFAHEERA Lz, TEFEEA L L THLBEZREL, MI LT — ¥ B2
FRMEASERT, Kt LFIRAOFSLBRT 52 & & LE,

D%, FiAEREFROEFBESKRT LIEBRPET, 7507 ) —=0 7 &ITV,
SRHRATHE S £ EE Licth, MATEEM LT, MFTCIt, SREER ORI & J% L7
BERF Lz, ER@HROT—FEE, EBEHREITo 1,

A BFFEEHE

28 CPEEEKE TSHMEBR;MT L 20CHIE
KR TEHMEBERIFIZOWT, BORTFA LD
WRICX YV ENLDORBEHLMICL, FOHER

BeWETHET 5 NEETH D, EDIDIT,
SRR IERIATN X AR LB EHE, L.

ZOFEME D Lo, BRRIRT > ¥ MELER
BROMRHE L RHT 5.,

BRI BNCT —F <X AL M &EITH &
EHic, BITEEONMEPRIIC L, ThcES
AT R ET B,

B. BrEIE

DRETH & BERREOT VA L2 EEBRHL, T—
¥ =3 T4 v NEEO KRG 2 BT 5,
2)RF & MEMRDOIEFIRESHET L, Wik 38

FTOTFT—FBIEINEERT, 77 ALk
BAROHEEZRITT B,

M = FHAEM R DOEFIBRESKT LIBREET,
T—EDI Y == TERITV, T EERT 5,
FENTTIX, O ER O & B Lo rik 2 ket
T %,
DFHRIZBN T, FEOEBB LT - EH
PEERERBE, TR, T F—2H
FI L THRAITED TV,

(fRERME ~DHELE)

B & REMERB LT ¥ MBI,
AV UREE, B OBKRFRICET 5 mEE
FHIPENEMT B, T—F BT ABRICIIEA
HHROMBmY FICHET B,

__39_



C. HrRE#R
Daif & FAEFFEOFE
SPREMIT, FBNREEPSHLBERITEE
L L. RABRE, BFERBRELRIL L,
FHEEE & LT, ik 30 HLANBET (FHiE
U). BLUMN - FHEFEE. LEEE. WEE.
BEE, Hin, Bk OSHEORLEE A LR
E LT, £OMIZ, FHlF, Hiln, B8R, /R, K,
M7z LICETH2EBEZREL. TRLENLOZE
2BHBTOBFEELHASLICTEIZLEZEML L
o

2FIM EFEMANS T ¥ MELBRBROFHE

Al X FHERFFCIE. 2006 5 12 B I giBE B
BT LTz, b MR DEEFISREZ I, #i%k 3
B ¥ CTOEFBREESER I 52 FizonT
£33 E21To72,

ZORER, Wi, #it 30 HUANDOESHHED
A ATFRRE B 2iC 28CHEL 20CHE
L BHBBR LN,

Ihoib iz, 77 MELBRBROBRE
B & HRE LT,

MBEMIZHONWT, Tkt L RS
ZRL. i FAESEL IEMICEIR - R R
EERE L,

RRECHE

(DS HLBERNKBIMOBE FREEEF 2 510)

(2)80 BERHGOBHE |
(3) 7 5 ~ AL B ¥ T TAT KRBIMR~ DB 23/
72 < IEPBEM A RELR B

BROVIELHE .

(DFERBFE (KBNS, S KEIRAERE L)

(Q)RFEKBIRRE : FHNESGITEY KBRS,

TITKEAR (EF2oEERELSO), MER
KR, BEHRABREREL ST 288

- (QLAT. B, SWAEICE LV BRIELERE
Yk

(4% %&¥%. Behcet /7 . Marfan S &%, Ehlers-Dan

1 os JEMRRER & DR BRABIRIAE BE

(5) BIEPAEMBINRIE(LAE S RE

O)FFH (BHFEPYR BE

(DR, O, BB, FF, B, MK - BEEEC PSR
ULDRE (60HER) 2B AHF
BBLFTROSH HBE

9HEFEBE

(10%R GRAE). MeRBRE

(ADZofh, BYEMAREY L KK LR

FEEE B 13, %l & (MAP+FFP) L L7,
BIREFEBEE & LT, #7#% 30 BLIAEE (F
ML), BLUM - FHRESE., LRBEE, Mk
. BEE, Hfn, BRELR2LEOSEORERE
ERELE, E5iT, ZTOMOFEEE & LT,
/I MEEfL & 4T - T IEB O EIE . B EES DE
. LB L URIKHTIEEE 0&ABHEDRAE
BlE. NLFREEER (BRER) 7 & &5
T3,

FEGBIT, BiM X FEMRL b & IS EEEE
BALREL, 1850 61, &3 100 filx BiEL
L7,

T BEEOBRICL BT — ¥ REMIHEE
BErRBET5. AL, RBEHBE%S A,
BEETH, RUBIHRTHRICBEL, Rt
FAEE OR UM ERERT B,

AW E HEMEDKT & T & MLHBRRD
EH

Al X ARG, 20074 12 AICBEEKT
LTz, IREEBICOWTIX, 20°CRED 28 B, 28°C
BEDS 25 BITh o7z, MEFRIC L 0 IEEDOBRIZE
DBRHY, MHFORERSBIRINZOI 1 KR
DHTHY | o> 2 fEFRIT 20CHO A, &Y D 2
Mkt 28CHDOALDEEZTH T, ¥7=. CABG
HhYTERLER . 20CE T 9 #i, 28°C
HET38lHoT,

#m&E (MAP+FFP) 22>\ T, CABG O%



EOFEHNNRT &, CABG 2 EBLRVEILE
WT 20°CREIX 23.4+13.2 Bify (n=19), 28CHE
Tit 12.7£15.1 B{i(n=22)Cdh -7, CABG %
EWLT-BIZBWTIE, 200CATit 49.0+23.7
BA7 (n=9) L£<. 28CEETI 11.3+6.1 BT
(n=3)Tdh o7, CABG OEBNDHETHMED
RHRBRRoD, InbEDITTEHMELE,
CABG #FEH L72ho = BITBWTHR, 46,
FERESRE, 7 L7 F= CHRELLHR, @l
Z (20CH—28CHt) O RHEEMIT 5.1 BT
(p=0.314) THhoT=,

K % %+ 5 propensity score IZ & B HiEiL,

PR (Q0C/28CN DV TN, 4. PRI
B, 2VT7F=roRERERE LI-uPRT 4y
27 &5 V% VT propensity score ZEH L, &
{Z propensity score DA % HEAEH L 45— x5
BEFVERWE, TOBR, AHEBEIT49H
fir (p=0.312) THYH., —BRBHETNIZLDE
RER&EBWERD N o7,

APHEIX, 20CHET 961 (32%), 28CHET 1
BI(A%)RAE LTz, NEIX. 20°CRE CREEE 2 #,
DIEREE 24, MEE 441, Hifn 1 4], 28CHT
EE 1B ThHoTe, EERAESFRIT, 20CH
T46] (14%), 28CEBET 16| (4%) ThoT,

T ¥ AMEBERBRIT, 2007 € 5 ALY
BHAA LTz, 20084 3 R £ Tlz, 7THsEk» 5 38 4
BBRBFEIN.ZDD BER L I2h o 7= JEFI 246,
dhik USERID 2B o 1o, HEERIT 4485
A, ZORRTIIMIREUFMERS LR
BLTRY., 2L 0FEFHFRIIMITLEHEER
2~BE IR,

D. 8
8CHEEEKRRTSHLBERITE 200CHIE
HBETEBL2ERFTOBRBEZALNCTIZD
OFHEE BIZRERIL X T, KBSV
— 7Tk, fiMXFHEFECHON-ERE B L
CEHMAEBEZBRE L., 7 v ¥ MELBRBR T
THEDHTNS,

RiIlA X FAEMEICES N TIE, BEBORTEE T
U BZEY Tk, BRI VIRE
BOBRICRERY BdHoT, ZOMOER L HEERH
TRRS>TWAAREMENSH Y | FHHEB 25T
SERICITERORENEEL 2D, BENENL
EZxbh5 CABG EMOFEIX, WM BEDLE
BWTEICE2EVWBRONELED, BEdb
i CRRET L7, 28°CRE TR R A D 22 VR T 53 A
b3, ER%#HABLI-EREELRB O T3k
Mot '

HEROEBEEET D HEIIONT, —iRE
EFFNTIE, EROBR~DEB®ETMELT
W3, LiedoT, BERODREZFMTHZ L
BAETHEIN, ZOFEFABELL W ERE
BEORE % IEREIZFHE C& 2\, —F , propensity
score IZX D HBIIBEOBRER~EELET L
LLTRY, BEROYREZEHERONRVOA,
BEEROER~DEBEETMEL TRV
b, FEFMIHT HIRENEN, SEID 2 O0FE
BIEKEBRO oz bbb, BT ViR
B L2837 BEREZRELREHD
PROKEEEFETEDILEEZLND,

AOHE, EERAEFR T, 20008 L 0 28C
BOEREERD R, LRI,
BIRAIFHIEE B ORER bREMIFHEL, 54
AMELLBRABR THE ICHBRFT L T BER
»H5,

T, ORI ET U RERLTHN 2HIZIE
F—BwRVA MRKETHD, 7V =An-
F—Hw R A NI, FRT— & #i— LT
HTxBERICELHDZELTHY, PFROFHE
BN OB OBEENTERT D E TORER
TRIZIZbh3, AFATIE. RiFEREPILL
5 ¥ MR CIIE RO FHETRE, iE
PlBEEOIE, EEHEIToTND,

E. f#
WCHEEEKETSHEBERATE 200CBK
HKRTSHLERTOFEEZHLLITIED

._41_



2. SRR ILREAIM & AP L EHRER 7
& MMELCBGRBR A ERPEAGIT SHE S v, M. REAT
BED LI, TOFRBRPEICBWTHHPLEBAR
LR EIT o7,

il X AEZEOEFIFRESHET L, k38
FTOTF—FOEH LY, T FMMEHBRBRD
PreatE et Lz, TEFMEEE & LCimn &
EREL. MY LAET— RN ERS 2R
i, B LIHMEEBOR LM ERRTIL L
L7,

Z0%. AiMERENROEFBENKT Lz
BT, T DI U —= T ERTV, HEHEN
HEE X EE L%k, #2 EH L7, AT T3,
RHER O & R L FEE2RF L, £
BFROT — 7 EE, EBERLIT-7,

F. EGREGH
2L

G. WrERxk
1. faX®R%E
2L

H. 5E9R EEHED HHER - B &R
1. ®EFEUS

2L

2. ERAFERS

2L

3. Fofh
2L

—42-



1. #FEREOHITY - Bk




FUROFEAN JOURNAL OF

CARDIO-THORACIC
SURGERY

European Journal of Cardio-thoracic Surgery 29 (2006) 255—-257
www.elsevier.com/locate/ejcts

How-to-do-it
Total arch replacement using a stepwise distal anastomosis for arch
aneurysms with distal extension™

Hitoshi Ogino®"*, Motomi Ando®, Hiroaki Sasaki?, Kenﬁ Minatoya ®

® Department of Cardiovascular Surgery, National Cardiovascular Center, 5-7-1 Fujishirodai, Suita, Osaka 565-8565, Japan
b pepartment of Thoracic Surgery, Fujita Health University, Mizukake-cho, Toyoake, Aichi 470-1192, Japan

Received 2 August 2005; received in revised form 17 October 2005; accepted 19 October 2005

Abstract

Atotal of 120 patients having arch to distal arch aneurysm with downstream extension underwent total arch replacement, with individual arch-
vessel reconstruction through median sternotomy using a novel ‘stepwise’ distal aortic anastomosis. Cardiopulmonary bypass was established by
cannulating the right axillary artery and the ascending aorta or femorat artery. Hypothermia was at 22—28 °C. Through the aneurysm, the
descending aorta was divided. Distal anastomosis using the stepwise technique was performed; a tube graft of length 7—12 cm was inserted into
the descending aorta and anastomosed by running suture. The distal end of the inserted graft was extracted, and a further four-branched arch
graft was joined to it. Selective cerebral perfusion was used for cerebral safety during arch repair. There were three hospital deaths (2.5%). Two
patients (1.7%) developed permanent neurological dysfunction and three patients (2.5%) suffered transient cerebral deficits. Three patients
(2.5%) required reentry for postoperative bleeding although in none of them bleeding was from the distal anastomosis site with the stepwise
technique. Stepwise anastomosis is a useful and secure alternative for distal anastomosis in total arch replacement for arch to distal arch

aneurysms with distal extension.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Aortic arch; Aneurysm; Aortic dissection; Aortic surgery

1. Introduction

For arch to distal arch aneurysms, it is not agreed whether
a median or lateral approach is better, particularly for
aneurysms with distal extension [1—7]. The median approach
aims to provide cerebral and cardiac safety {1—4]. However,
the distal anastomosis is often difficult and bleeding from it is
a serious problem [6,7]. We have therefore used a novel
stepwise technique providing a technically easy and secure
anastomosis.

2. Patients and methods

Between 1999 and 2003, 120 patients (74 years old) having
an arch to distal arch aneurysm underwent total arch
replacement. Of these, 112 patients had non-dissecting and
two had dissecting aneurysms. The other six had a combined
pathology. Ten patients required emergency surgery.

The aneurysm was approached through median sternot-
omy (Fig. 1A). After full heparinization, a 10—16 Fr straight

* This paper was presented in the Aortic Surgery Symposium VI in New York in
2004.
* Corresponding author. Tel. +81 6 6833 5012; fax: +81 6 6872 7486.
E-mail address: hogino@hsp.ncvc.go.jp (H. Ogino).

" 1010-7940/$ — see front matter'© 2005 Elsevier B.V. All rights reserved.
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thin-wall cannula was inserted into the right axillary artery
(RAXA) on the right armpit [8]. Cardiopulmonary bypass (CPB)
was established by cannulation involving also the femoral
artery or the ascending aorta. The patients were cooled to
22--28 °C. Following hypothermic circulatory arrest, selec-
tive cerebral perfusion (SCP) was begun through the RAxA
perfusion by clamping the brachiocephalic artery (BCA). The
arch was opened and a 12 Fr SCP balloon cannula was inserted
into the left common carotid artery (LCCA) (Fig. 1B). In
recent series with moderate hypothermia at 25—28 °C, the
left subclavian artery (LSCA) was also perfused. With SCP, the
descending aorta was divided through the aneurysm. Distal
aortic anastomosis was done using a stepwise technique.
First, an invaginated tube graft of length 7—12 cm (a piece of
the quadrifurcated arch graft) was inserted into the
descending aorta (Fig. 1C). The position of the proximal
end of the invaginated graft was adjusted to match the level
of the divided end of the descending aorta. The anastomosis
was then easy to perform, with a good surgical view, using an
over and over running suture of 3-0 or 4-0 polypropylene,
with reinforcement by Teflon felt strip (Fig. 2A). The distal
end of the inserted graft was extracted proximally. For arch
reconstruction, a further four-branched arch graft was
attached to this stepwise graft using a running 3-0 poly-
propylene suture (Fig. 2B). Antegrade aortic perfusion was
initiated. The LSCA was reconstructed with a branch graft.
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Fig. 1. Total arch replacement using selective cerebral perfusion and stepwise distal anastomosis. (A) Distal arch aneurysm: black arrows show cannutation sites on
the right axillary artery and the ascending aorta for cardiopulmonary bypass. (B) Brain protection with antegrade selective cerebral perfusion (SCP): large (right
axillary artery perfusion) and small (left common carotid and left subclavian artery perfusion) arrows show SCP. The descending aorta was divided from the inside
through the aneurysm. (C) An invaginated tube graft was inserted into the descending aorta. (D) Recent refined technique (mini-elephant trunk technique): 2—3 cm of
the proximat end was left without invagination so as to reinforce the anastomosis from the inside by a ‘sandwich’ technique with the outside Teflon felt strip. The
distal end was also tucked inside to shorten the length of the graft, in order to prevent dislodge of the mural atheroma.

Rewarming was then initiated. The proximal anastomosis was
done above the sinotubular junction. Finally, the LCCA and
the BCA were reconstructed (Fig. 2C). The RAxA perfusion
was discontinued. In recent cases, our stepwise technique
was refined to reinforce the anastomosis and prevent
bleeding from the anastomosis (Fig. 1D). In making the

(A)

(©)

stepwise graft, 2—3 cm of the proximal end was left without
invagination so as to reinforce the anastomosis from the
inside by a ‘sandwich’ technigue with the Teflon felt strip. We
call this ‘mini-elephant trunk technique’. Coronary artery
bypasses grafting in 23, aortic valve reptacement in one, and
mitral valve plasty in one were also performed.

Fig. 2. Stepwise distal anastomosis. {A) Stepwise distal anastomosis with the reinforcement of outside Teflon felt strip using a running suture. (B) The distal end of the
inserted graft was extracted and a quadrifurcated arch graft was connected to this end. (C) Total arch replacement using a stepwise anastomosis: the numbers show

the turn of anastomosis.
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3. Results

The median duration of lower body circulatory arrest, SCP,
CPB, and surgery were 68, 147, 209, and 415 min, respectively.
The median transfusion volume was 2400 ml. There were three
hospital deaths (2.5%) from perioperative myocardial infarc-
tion, low cardiac output with bowel necrosis, and mediasti-
nitis. Two patients (1.7%) developed permanent neurological
dysfunction (small stroke), and three patients (2.5%) suffered
from transient cerebral deficits. Three patients (2.5%)
required reentry for bleeding. In none of them, bleeding from
the distal anastomosis was found. Other complications
occurred: low cardiac output in 5.0%, respiratory failure in
10.0%, renal failure in 3.3%, hepatic failure in 0.8%, bowel
necrosis in 1.7%, and sepsis in 0.8%.

4. Discussion

The most common approach for arch to distal arch
aneurysms is currently through median sternotomy [1—4].
This approach aims to provide cerebral and cardiac safety.
However, the distal anastomosis tends to be difficult because
of poor, distant, and limited view [6,7]. In our technique, the
arch aneurysm is not incised to prevent injury to the nerves
and lung. Through the aneurysm, the descending aorta is
divided and the distal anastomosis takes place. Subsequently,
the surgical view is limited. Furthermore, bleeding from this
anastomosis is a major concern. We have therefore evolved a
novel stepwise technique, which made the distal anastomosis
around the hilum feasible in our experience.

The end of the descending aorta is often fragile with much
atherosclerosis. Even with the stepwise technique, we
experienced bleeding from the anastomosis in seven
patients. The stepwise technique was therefore refined by
the “mini-elephant trunk”. With this refinement, we have

not experienced any major bleeding from the distal
anastomosis.

The stepwise technique has some drawbacks. Graft
insertion carries a risk of dislodging mural atheroma. We
experienced one case of bowel necrosis. To prevent this
problem, in the refined technique, the distal end was tucked
inside to shorten the graft length. Graft insertion must be
done carefully into the atheromatous descending aorta.
Direct anastomosis of a short-length graft without graft
insertion is a good alternative. Another disadvantage is the
need for a graft—graft anastomosis, which is fortunately easy
with a good view taking if—10 min.
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Background. We assess the outcome of emergency total
arch replacement with a modified elephant trunk tech-
nique for acute type A aortic dissection to clarify whether
our aggressive approach is justified in certain patients.

Methods. Between 2000 and 2006, 54 patients (55.1% of
all) underwent emergency total arch replacement for
acute type A aortic dissection. The surgery was per-
formed using open distal anastomosis with selective
antegrade cerebral perfusion under hypothermia. Total
arch replacement with individual arch-vessel reconstruc-
tion was applied in the following settings: the intimal
tear in the transverse arch or the proximal descending
aorta, massive arch dissection, Marfan syndrome, arch
aneurysm, and atheromatous arch. At the distal anasto-
mosis, a modified elephant trunk procedure was added
for secure anastomosis and early thrombosed closure of
the false channel in the descending aorta.

Acute type A aortic dissection is a potentially cata-
strophic event and requires surgical repair on an
emergency basis. Despite recent favorable outcomes by
leading centers [1, 2], the surgery still has a high mortal-
ity rate of 14% to 32.5% [3~6]. In these circumstances,
limited ascending aortic or hemiarch replacement is
widely accepted to permit a primary goal of immediate
survival by preventing secondary cardiac events. How-
ever, the residual dissection’s behavior in the aortic arch
-or thoracoabdominal aorta after the limited repair is still
unclear. In the long term, repeated surgery for the
residual dissection of the arch, descending thoracic aorta,
and abdominal aorta would be necessary in some in-
stances [7, 8]. Extended total arch repair is then more
advantageous for complete resection of the intimal tear
and the massively dissected arch [9]. In particular, with a
modified elephant trunk technique, total arch repair
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Results. Only 2 patients (3.7%) died of low cardiac
output, in whom cardiac arrest had developed preopera-
tively owing to rupture of the arch or to left coronary
artery malperfusion. There were 4 late deaths from non-
aortic events. On the follow-up computed tomographic
scanning, a high incidence of early thrombosed closure
of the false channel in the dissected descending aorta
was found. Only 2 patients, whose tear had not been
resected in the first surgery, required reoperation of the
descending aorta.

Conclusions. Total arch replacement with an elephant
trunk procedure, which permits immediate survival and
provides early thrombosed closure of the distal false
channel, is justified in certain patients with acute type A
dissection.

(Ann Thorac Surg 2007;84:1585-91)
© 2007 by The Society of Thoracic Surgeons

might be more beneficial to prevent late enlargement of
the residual aortic dissection.

In this study, we evaluated the early and midterm
outcome of emergency total arch replacement with a
modified elephant trunk technique for acute type A
aortic dissection to clarify whether our aggressive ap-
proach is justified in certain patients who would have
potential for enlargement of the distal dissection.

Patients and Methods

Patients

Between 2000 and 2006, a total of 98 patients underwent
emergent or urgent surgery for acute type A aortic
dissection in the National Cardiovascular Center, Japan.
Extended total arch replacement was performed in 54
patients (55.1%) of them (Table 1). One patient had
previous history of type B dissection. Another patient
developing significant distal anastomotic leak immedi-
ately after emergent hemiarch replacement was also
included, although patients having iatrogenic dissection
were excluded. Other 40 patients underwent hemiarch
replacement and 4 patients partial arch replacement with
reconstruction of the innominate artery. The institutional
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Table 1. Preoperative Patient Characteristics

Characteristic Value
Age (years) 66 (28-86)
Sex (male/female) 30/24
Marfan syndrome (n) 3
Onset to surgery (n)
Within 6 hours 24
6-24 hours A 22
1-7 days 4
1-2 weeks 4
Surgery (n)
Emergent 51
Urgent 3
Persistent malperfusion (n) 11 (20.4%)
Brain 2
Heart (coronary) 1
Bowel (SMA) 1
Limb (arm/leg) 7 (4/3)
Cardiac tamponade (n) 16 (29.6%)
Aortic valve insufficiency, grade =III (n) 11 (20.4%)
Shock, blood pressure =80 mm Hg (n) 13 (26.3%)
Cardiac arrest on CPR 4
Rupture (n) 9(16.7%)
Patent false channel (n) 48 (88.9%)
Range of dissection (n)
Ascending-descending aorta 49 (90.7%)
Ascending aorta-arch 5
Location of the intimal tear (n)
Ascending aorta 23
Arch 18
Descending aorta 13

CPR = cardiopulmonary resuscitation;
artery.

SMA = superior mesenteric

approval for this study was obtained, and each patient
within the study gave informed consent for serving as a
subject.

Surgical Technigue

CARDIOPULMONARY BYPASS WITH ADDITIONAL AXILLARY ARTERY
PERFUSION. With standard retrograde perfusion through
the femoral artery, an additional right axillary artery
perfusion was used for maintaining the true channel
circulation and easy shift to selective antegrade cerebral
perfusion (SCP {Fig 1]) [10]. The right axillary artery was
quickly exposed and easily cannulated in the axilla, to
where arterial dissection hardly extends. A 10F to 16F
thin-wall cannula was inserted. The femoral artery was
also cannulated with a 16F to 21F cannula. Bicaval venous
drainage with left ventricular venting was used.

BRAIN PROTECTION. Patients were cooled to the range of
20°C to 28°C (Fig 1). With hypothermic circulatory arrest,
SCP through the right axillary artery was quickly com-
menced by clamping the innominate artery. The ascend-
ing aorta was opened without aortic clamp. The site and

Ann Thorac Surg
2007;84:1585-91

extent of intimal tear was defined. A SCP balloon-tipped
cannula was inserted into the left common carotid artery
with the left subclavian artery clamped. During the SCP,
the superficial temporal artery or the balloon-tip pres-
sures were regulated in the range of 30 to 50 mm Hg by
the SCP flow of approximately 10 to 12 mL - kg™ - min ™"
Since 2003, the left subclavian artery perfusion has been
included with moderate hypothermia. The SCP flow was
also increased to maintain the pressure at approximately
50 mm Hg.

TOTAL ARCH REPLACEMENT WITH A MODIFIED ELEPHANT TRUNK
TECHNIQUE. Ascending aortic or hemiarch replacement
was the procedure principally performed for our tear-
oriented surgery (Fig 1) [1, 2]. With hypothermic circula-
tory arrest, the ascending aorta was transected proximal
to the innominate artery, excising a tear. With a tear in
the minor arch curvature, the arch including a tear was
beveled for hemiarch replacement. The false channel was
closed with internal and external Teflon felt strips. A 22
mm to 26 mm single-branched Dacron graft was anasto-
mosed with an open aortic technique. The antegrade
distal aortic perfusion was commenced using the branch
graft, and the patient was rewarmed. In contrast, ex-
tended total arch replacement with a modified elephant
trunk technique [11] was attempted in the following
settings: (1) tear (entry) in the arch (excluding the minor
curvature); (2) tear in the descending aorta (“retrograde
dissection”); (3) reentry in the arch or the proximal
descending aorta; (4) Marfan syndrome; (5) arch aneu-
rysm or dilatation; (6) atheromatous arch; (7) massive
arch dissection; and (8) relatively young age less than 70
years [9, 12, 13].

In total arch replacement, the descending aorta was
transected distal to the left subclavian artery. A modified
elephant trunk technique was used for secure anastomo-
sis with less anastomotic bleeding and early thrombosed

[Modified elephant trunk |
@ 16 - 24 mm tube graft

’09 . (3 - 10 cm length)

G

o -

+ AV resuspension

Separate arch-vessel
reconstruction

Fig 1. Total arch replacement with a modified elephant trunk tech-
nique using antegrade selective cerebral perfusion (SCP) with right
axillary artery (AxA) perfusion. (AV = aortic valve; FA = femoral
artery; GRF-glue = Gelatin-Resorcin-Formal glue.)
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closure of the distal false channel [12, 13] . Depending on
the size and condition of the true channel in the descend-
ing aorta, a prosthetic graft of 16 mm to 24 mm in
diameter and 3 cm to 10 cm in length was carefully
inserted into the distal true channel. The proximal end of
the elephant trunk graft was attached to the completely
divided descending aorta using a 4-0 polypropylene
continuous suture. The anastomosis was reinforced by an
external Teflon felt strip. Another quadrifurcated Dacron
arch graft of 20 to 24 mm in diameter was anastomosed to
this aortic stump with a 4-0 polypropylene continuous
suture. The antegrade distal aortic perfusion was com-
menced with a branch graft of the arch graft.

By transesophageal echocardiography, good shape of
the inserted elephant trunk graft without kinking was
confirmed. The left subclavian artery was reconstructed
using a branch graft with the reinforcement of an exter-
nal felt. The patient was then rewarmed. At the proximal
site, the ascending aorta was transected just around the
sinotubular junction. The proximal false channel was
closed with internal and external Teflon felt strips. When
the commissures of aortic valve detached, they were
attached using 5-0 polypropylene pledgeted mattress
sutures in 25 patients. In most, the proximal false channel
was fixed using Gelatin-Resorcin-Formal glue (Cardial,
Sainte-Etienne, France) [3]. In a recent 5 patients, an
adventitial inversion technique was used without Gela-
tin-Resorcin-Formal glue. The main graft was anasto-
mosed to this end with a 4-0 polypropylene continuous
suture. Finally, the other two arch vessels were recon-
structed using branch grafts with 5-0 polypropylene
continuous suture under SCP.

Data Collection and Statistical Analysis

Medical records were reviewed. All patients have been
followed at our outpatient clinic at intervals of 3 to 12
months. The follow-up rate was 100%, and the mean
duration was 2.9 * 1.8 years. We reviewed the early and
midterm outcomes and investigated risk factors for in-
hospital mortality and for reoperation of the distal dis-
section by univariate and multivariate analyses, which
were carried out using SPSS software (SPSS, Chicago,
Ilinois). Values are expressed as the mean * SD or
medians (range), with p values less than 0.05 considered
significant. Univariate analysis was carried out using the
x> test or Fisher exact test. Stepwise logistic regression
was used for multivariate analysis. A logistic regression
model was used with p less than 0.10 as the limit for
selecting variables for entry into the model. Kaplan-
Meier estimates were used to calculate long-term sur-
vival and reoperation-free rates.

In the follow-up, enhanced computed tomography
(CT) scanning of the entire aorta was undertaken annu-
ally to assess late enlargement of the distal dissection and
the fate of the distal false channel. The diameter of the
dissected aorta was measured on the short-axis view at
four points of the proximal, middle, and distal descend-
ing aorta, and the abdominal aorta around the origin of
the superior mesenteric artery. The conditions of the
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false lumen were evaluated using three grades: (1)
thrombosed closure, (2) nearly closed with most of parts
thrombosed, and (3) patent. The authors had full access
to the data and take responsibility for its integrity. All
authors have read and agree to the manuscript as
written.

Results

Total arch replacement was performed in certain patients
with the following settings: tear in the arch (n = 18), tear
in the descending aorta (13), massive arch dissection (17),
Marfan syndrome (2), arch aneurysm (1), atheromatous
arch (1), distal end of dissection in the arch (2), arch
rupture (1), and descending aortic rupture (1). Concom-
itantly, aortic valve resuspension (n = 25), composite root
replacement (2), valve-sparing root surgery (3), aortic
valve replacement (1), mitral valve plasty (1), coronary
artery bypass grafting (5), and ascending aorta to external
iliac or femoral artery bypass for limb ischemia (2) were
performed. The median duration of open distal anasto-
mosis, cardiac arrest, SCP, cardiopulmonary bypass, and
surgery was 55.5 minutes (range, 34 to 130), 136.5 minutes
(84 to 379), 167.5 minutes (50 to 455), 236 minutes (124 to
789), and 462.5 minutes (237 to 1,375). The stay in the
intensive care unit and the hospital was 5 days (range, 1
to 52) and 31.5 days (16 to 130), respectively. The amount
of transfusion was 3,780 mL (range, 0 to 20,000 mL).

The following complications occurred: bleeding in
5.6% (n = 3), cardiac in 5.6% (3), respiratory in 13.0% (7),
renal in 1.9% (1), hepatic in 1.9% (1), gastrointestinal tract
in 1.9% (1), limb (leg) ischemia in 3.7% (2), infection in
1.9% (1), and wound in 1.9% (1). Cerebral deficits oc-
curred in 11.1% (6): temporary neurologic dysfunction in
5.6% (3) and permanent dysfunction in 5.6% (3). One
severe permanent neurologic dysfunction was due to
preoperative cardiac arrest in the anesthetic induction
owing to rupture, and cardiac massage was required
until the establishment of cardiopulmonary bypass.
The other 2 permanent dysfunctions were presumably
due to preoperative serious cerebral malperfusion
caused by extended dissection of the innominate artery
to the right common carotid artery. The surgery
needed to be rushed for cardiac tamponade, although
both of the patients were unconscious. These 2 patients
rehabilitated eventually.

There were two 30-day deaths (3.7%) due to low cardiac
output. Both of these 2 female patients with preoperative
deep shock had fallen into cardiac arrest during the
anesthetic induction owing to ascending aorta to aortic
arch rupture in 1 patient or to coronary malperfusion in
1 patient. For the first patient, hemiarch replacement was
initially attempted because all of the three intimal tears
were located in the ascending aorta. However, rupture of
the transverse arch close to the arch vessels was found
after the proximal anastomosis so that total arch replace-
ment was performed after recooling the patient. This
patient had severe edema of the whole body and abdom-
inal distension associated with severe acidosis; she did
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Table 2. Univariate Analysis of Risk Factors for In-Hospital
Mortality

Factor p Value
Super acute (<6 hours from onset) 0.872
Female 0.193
Age =70 years 0.508
Marfan syndrome 0.727
Cardiac tamponade 0.509
Shock (blood pressure <80 mm Hg) 0.055
Cardiac arrest before surgery 0.004*
Aortic valve insufficiency (=III) 0.466
Rupture 0.308
Tear in arch/descending aorta 0.915
Malperfusion 0.370
Coronary malperfusion 0.0372
Patent false channel 0.610
Concomitant surgery 0.369
Open distal anastomosis =60 minutes 0177
Cardiac arrest 2180 minutes 0.039*
Cardiopulmonary bypass =5 hours 0.073
Surgery =10 hours 0.055
Blood transfusion =5,000 mL 0.161

2p < 005.

not recover despite cardiopulmonary support using
femorofemoral circuit. In the second patient, having deep
shock and severe pulmonary congestion due to left
coronary malperfusion preoperatively, severe hypokine-
sis of the anteroseptal wall with left ventricular dilatation
and mitral regurgitation of grade IV due to left coronary
malperfusion were revealed on transthoracic echocardi-
ography. Total arch repair was carried out because of the
primary tear located in the transverse arch just close to

the left common carotid artery. After that, at the proximal

site, routine supracoronary anastomosis was done with
Gelatin-Resorcin-Formal glue. However, after the anas-
tomosis, rupture of the right coronary artery due to
extension of the dissection was noticed. Full root repair
was carried out using a porcine stentless valved graft.
However, cardiac function did not recover despite intra-

& 2] -]
o (=] o
I 2

Survival (%)

N
o

1 Ptatrisk
54 43 35 27 15 7

T T T T T Y T T

0 1 2 3 4 5 6 7 Year

Fig 2. Midterm survival, Kaplan-Meier method. (Pt = patients.)
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Fig 3. Freedom from reoperation, Kaplan-Meier method. (Open cir-
cles = replacement of root [2] or ascending aorta [1]; solid circles =
replacement of descending aorta [2]; Pt = patients.)

aortic balloon pumping and percutaneous cardiopulmo-
nary support using a femorofemoral circuit.

On the univariate analysis, significant risk factors for
30-day mortality were cardiac arrest before surgery, cor-
onary malperfusion, and the duration of cardioplegic
cardiac arrest more than 180 minutes (Table 2). In the
following multivariate analysis, no independent predic-
tors for mortality were found.

During the mean follow-up period of 2.9 * 1.8 years, 4
late deaths (7.8%) occurred from nonaortic events such as
pneumonia (n = 2), cancer (1), and suicide (1; Fig 2). The
actuarial survival including hospital deaths was 87.8% =
1.2% at 3 years. Five patients (9.6%) required reopera-
tion: root replacement for recurrent aortic regurgitation
(n = 2), ascending aortic replacement for proximal anas-
tomotic stricture due to the internal felt strip (1), and
descending replacement (2; Fig 3). Regarding the reop-
eration of the distal dissection with the incidence of 3.8%, -
1 of the 2 patients had suffered from type B aortic
dissection before acute type A dissection. In the total arch
replacement for new type A dissection, the previous tear
of old dissection in the descending aorta was not re-
sected, resulting in the enlargement of the descending
aorta. Another patient had the tear in the descending
aorta, which was not noticed through a median approach.
The tear was not resected in the total arch repair,
resulting in the descending aortic dilatation. The overall
reoperation-free rate was 88.4% = 11.7% at 3 years. On
univariate analysis, no resection of the tear in the de-

Table 3. Univariate Analysis of Risk Factors for Reoperation
of the Descending Aorta

Factor p Value
Patent false channel before surgery 0.610
Marfan syndrome 0.727
Tear in the descending aorta 0.427
No tear resection 0.004*
Patent false channel in the proximal descending 0.144

aorta

2p < 0.05.
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Fig 4. Behavior of distal false channels after total arch replacement
with a modified elephant trunk technique on the follow-up computed
tomography scans. Numbers in parentheses indicate median diame-
ter of the distal dissected aorta including true and false channels.
(Postop = postoperative, before discharge.)

scending aorta was a risk factor for distal aortic reopera-
tion (Table 3).

‘The follow-up CT scans showed early thrombosed
closure of the distal false channel (Fig 4). Particularly, in
the proximal, middle, and distal descending aorta, the
complete thrombosis was demonstrated at the incidence
of 43.2%, 45.5%, and 43.2% immediately after the surgery
(n = 49); 84.6%, 73.1%, and 77.8% in 1 year (n = 34); and
100%, 77.8%, and 66.7% in 3 years (n = 21). Including the
condition of nearly closed with most of parts throm-
bosed, the rate of thrombosed closure of the distal false
channel was 88.6% %, 84.1%, and 79.5% immediately after
the surgery; 92.3%, 84.6%, and 84.6% in 1 year; and 100%,
88.9%, and 77.8% in 3 years.

Comment

The outcome of total arch replacement with a modified
elephant trunk under SCP with axillary artery perfusion
was satisfactory, with a low in-hospital mortality rate.
The primary goal of emergency surgery for acute type A
aortic dissection is to save patients’ lives. Limited ascend-
ing aortic or hemiarch replacement is then widely rec-
ommended [1-6]. With recent advances of diagnosis and
surgery, the outcome has improved to less than 10%
mortality in the leading centers [1, 2]. In our institution,
the overall mortality in emergency surgery for acute type
A aortic dissection, including ascending or hemiarch
repair, was 2.9% during the same period. The in-hospital
mortality rate in extended total arch replacement was
3.7%, which did not increase dramatically. This satisfac-
tory outcome is, we believe, based on our surgical back-
ground consisting of a large number of arch surgeries [10,
14, 15]. During the same period, a total of 458 patients
underwent total arch replacement for a variety of aortic
pathologies including chronic dissecting and nondissect-
ing aneurysms. The in-hospital mortality rate for elective
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total arch replacement for nondissecting aneurysm in 305
patients was 2.3% [15].

For arch surgery, we have established an integrated
circulatory support system consisting of axillary artery
perfusion for cardiopulmonary bypass coupled with fem-
oral artery or ascending aortic perfusion and of SCP [10,
14, 15]. In particular, we have advocated routine use of
axillary artery perfusion [10]. The exposure of the distal
part of axillary artery in the axilla is quicker and easier
than that in the subclavicular region. Arterial dissection
rarely extends to this portion of the axillary artery. Secure
perfusion of the true channel can be commenced quickly,
improving cardiac and cerebral safety. Furthermore, easy
shift to the SCP is feasible by clamping the innominate
artery without cannulation. Our increasing experiences
with arch replacement using SCP with the axillary artery
perfusion has led to our growing confidence in the safe
application of this prompt approach of total arch replace-
ment even on an emergency basis [10, 13-15].

Previous reports identified various risk factors for
mortality such as early year operation, increasing age,
history of aortic valve replacement, high New York Heart
Association class, diabetes mellitus, shock, cardiac tam-
ponade, rupture, coronary malperfusion, visceral malp-
erfusion, limb malperfusion, root replacement, arch re-
placement, coronary artery bypass graft surgery, or
longer circulatory arrest [4-6]. In the presented series,
cardiac arrest before surgery as well as coronary malp-
erfusion was a risk factor for in-hospital mortality in the
univariate analysis. It was extremely difficult to rescue
these 2 critical patients having serious coronary malper-
fusion or aortic arch rupture. Given a larger number of
such critical patients, the outcome might have been much
worse with a higher mortality.

Complete resection of the primary tear is a key to good
early and long-term outcomes. In previous reports, no
differences were recognized in mortality or reoperation
rate whether the tear was resected or not [16, 17]. How-
ever, subsequent reports noted that the reoperation rate
was significantly higher without tear resection [3, 18-20].
Since then, “tear-oriented surgery” has been widely
recommended [1-6]. In previous studies, anastomotic
leakage, no tear resection, younger age, Marfan syn-
drome, and severe aortic regurgitation were significant
determinants for reoperation [3, 18-22]. Given a tear in
the arch excluding the minor curvature site or in the
proximal descending aorta, total arch replacement is then
reasonable [3, 13, 18, 19, 21, 22]. Furthermore, in cases
with massive arch dissection, complete arch replacement
would be more beneficial to avoid bleeding, anastomotic
leak, progression of aneurysmal dilatation, rupture, re-
operation, and cerebral malperfusion [3, 18, 19]. Recently,
the Mount Sinai group [22] described that repeated
surgical intervention was most frequently required in the
aortic arch and abdominal aorta in a large series. We
believe our aggressive total arch replacement for com-
plete resection of massive arch dissection as well as the
primary tear can reduce the incidence of distal reopera-
tion, in particular, for arch dilatation.
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Coupled with the total arch repair, a modified elephant
trunk technique was used for secure anastomosis and for
early thrombosed closure of the distal false channel [11,
12]. Without the internal reinforcement by elephant
trunk graft, the distal anastomosis would be more trou-
blesome with bleeding because of a fragile dissected
descending aorta. Literally, the patent false channel was
recognized in the incidence of approximately 50% to 80%
after the conventional ascending aortic replacement. In
our series, having total arch repair with a modified
elephant trunk, early thrombosed closure or obliteration
of the false channel in the descending aorta was recog-
nized frequently on the follow up CT scans. From this
point of view, we believe this unique technique plays an
important role or is essential for total arch replacement
for acute type A dissection [12]. It does, however, have
some shortcomings. The true channel in the descending
aorta is generally too small to accept a large-size graft,
making necessary the use of another smaller-size graft.
With such a size mismatch, the inserted elephant trunk
graft might be kinked or wrinkled, resulting in stenosis or
hemolysis. Its adequate length is also unknown. The
longer the graft is, the greater the impact of elephant
trunk on closure or obliteration of the distal false channel
is. However, with a too-long elephant trunk, the potential
risk of spinal cord injury or new tear formation would
increase [23]. Regardless, we propose as another advan-
tage, with the elephant trunk, that the reoperation of the
descending aorta would be much easier [11, 12]. The
elephant trunk procedure should be coupled with total
arch replacement. '

The aim of the elephant trunk procedure was to reduce
the reoperation rate by preventing enlargement of the
distal dissected aorta. However, 2 patients, whose tear
had not been resected in the first surgery, required
descending aortic replacement in the late stage. In 1
patient having the tear in the descending aorta that was
not noticed intraoperatively, the elephant trunk was 5 cm
in length. It was subsequently too short to cover the tear.
If the tear had been identified, we could have closed the
tear using a longer elephant trunk. Kato and colleagues
[24] and Ishihara and associates [25] reported greater
impact of stent graft as an elephant trunk on closing the
false channel, instead of standard prosthetic graft. How-
ever, in the use of stent graft for acute aortic dissection, a
potential risk of new intimal tear formation exists [26].
More flexible stent graft might be preferable for such
fragile aortic wall of acute dissection. For reoperation of
the descending aorta, patent false channel, anastomotic

.leakage, no tear resection, younger age, and Marfan
syndrome were reportedly risk factors (3, 18, 19]. In this
series, reoperation of the descending aorta was required
only in the 2 cases without resection of the tear in the
descending aorta. For such patients having a potential
risk of distal dilatation, meticulous follow up using CT
scans is mandatory.

Postoperative cerebral morbidity remains one of the
critical complications, particularly in total arch repair
requiring longer SCP. Generally, the incidence is higher
compared with ascending or hemiarch repair. In total, 3
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patients had strokes due to brain damage during cardiac
resuscitation or to preoperative cerebral malperfusion.
Although 2 patients having cerebral malperfusion were
unconscious before surgery, the surgery was indicated
because brain CT scans did not reveal any infarction.

This retrospective study has some limitations. The
number of patients might be too small to reach definitive
conclusions. For that, a larger number of patients is
necessary. There was no appropriate control group hav-
ing ascending or hemiarch replacement, because the
limited repairs were performed in the patient group
having different conditions including the site of the
primary tear. For definitive conclusions, a randomized
controlled study is required between the extended and
limited repairs in patients having homogenous aortic
lesions.

In conclusion, total arch replacement with a modified
elephant trunk procedure under SCP with right axillary
artery perfusion, which permits immediate survival and
can reduce the distal aortic reoperation rate, would be
justified in certain patients with acute type A aortic
dissection.
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