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& DKA & HHS OZME®E (TEt1 &£4))

DKA

BfE EE B B
m¥E (mg/di) >250 >250 >250 >600
EARIM pH 7.25~7.30 7.00~7.24 <7.00 >7.30
miEExEE (mEg/l) 15~18 10~15 <10 >18
R b 1S B s H
migsr b 1k BatE B4 DE
FHMEREE (mOsm/kg) EZi EZ5 2% >320
Anion gap >10 >12 >12 E2 5
EREDE meA wHAER RR/EE  RX/SE

L7ZHEBI D 2 KR 2 a iz 8T A ek
BOREMBFRE 2o REBNDHY, V7 FY
YT b= AERINSG Y,

1) REELE SkPRE

HHS O ZHE B E 2 6 80812 & &85
DKA W X ) @M CHRIETS. DKATH I
P —VABOHERFOIERSZEATI S A SR
B ERHIY, M7V F— RUEBIG 2L
WEALITHAINICIZ 24 BN TB 5. HE
EIRE LTREZIR, 28k, RERD, EF - EH,
ik, Bl HkBEEL&723. SR TIZE
DYV IT— V& T, Kussmaul FEE (DKA).
IR, RIME, EREEODOLEHIZITSECE
5.

HH DKA Tl HbAle A SR ICBETH 2
B, OEE, EELICX o THIESAIVHY 5B
JiE 1 BUBEERR % CTid HbAle ASIER $7-13 = 82
DEATHY %4 S DKA CHRBIEREINS.
Z 9 L7EBITIE & b o> THEAR I B /i 0Bk
WA T, b TEEIIERMEEA S 5 b,
DKAICBITTAb0LEZONTVA, BlEL

8

]|l

BIERE CIIEESEHETHRESA TS 0,

DKA # HHS TIEERENFHRTH o TH, K
HIEOPLIRIC & o THRIRIZIER, F 721 3EME
DZEDBDHY, BKERIIFELABORETHS D,
&K, WM, BEEIEZDKATLIFLIEALK S,
H2¥5 1 DKA OFEFROIERTH S 555 D,
iR ERBET ¥ F— 2 ZAH08E X T HIERDS
B HEL S DITREILEEL 5 5.

2) BAEMmEA

DKA % &t - 7z 8% T2k, HbAle, BUN,
Cr, Na, K, Cl, Ca, P, 7= vFx v/, &
EE, MR, Ry by, BIRIMES A, W& - i
% LB, K XM, R - - miksEEd
W& 5.

DKA OEFEREIIAMET > F—v 2 (pH, =&
REBIE, 7 bY) EEREEORENS, B
HERE, BEREICHOEEINSL (F). /3 ET
DKA & HHS O E#EAA LN S,

DKA OFZWr Tzl 4 b ko R\ T,
ZhRINT Y FRIBTIZT & MEERR O R 115
WSDKADE- 2B EY TH S L-L Fuax
VHBREBRAML WD, F ATV F—V 2%
ML RT WY, 7=F o Fr v 7z Na- (Cl
+HCO:;) TEHEZIh, EHIZ7~9TI10~12
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HiREAS T F—32 A2 (DKA) O#FEL i

mEq/I U ETR7 =4 vy Fr v 7TRARORHE
T R—YA%ERT.

EfE L DKA ©oZ M odul& 2555 MO
LARMVEEFEET, YTV F—YADERERE
LT LOMME L2, # 10% 1 MHE 2 250mg/
dIUTF®D, Wwb®b [euglycemic DKA] &3h
/5 11].

DKA Tid LIF LA MR A3 v, 10,000
~15.000 21X 7 B A%, 25,000 LA L TIIERIED A
fEERL, WEFSLEELRSL. INFIT—LR)
VT RLFY oLV EMMET S, IiE Na i
B | 85 ILE 0D 72 o SR A 20 B Al R b~ 3 DR &
JECRET A0 T35, Mk EAIZH) Na
{5 F 1 1L 8% 400 mg/dl F Tid 100 mg/dl b5 12
-2 % 16 mEq//, 400 mg/d/ Lk I T & 100 mg/d/
FERIZo X 4mEq/] LB TS, MiFR
BIE L EMAERGERN 2 EOMHEES Y, &
k- EE S Sk EREESD - T, AR
HEEE (&) #7320 mOsm/kg LLF, »oFEH
L7y F—Y AP wEER, BEREZEE

POEREELRTLIEREMETLLEDND 5.

mEK EAFIEAL v A) Y RE, TV F—V A, &
BEE, RETKHMEANBIT T LICX
2. ABEEK MEEHLHEILEHD K B
HhHy, LEMEE=ZF—L22KZHHETHE
HIoHAE L, BHEBEOERK EL T L%
Db, T 723 LRI D720 AT
FENalfEE 222 bH5b 7.
E%PﬁﬁﬁKﬁﬁiﬁtfwélbﬁ§w

. MR SN ORELH Y, 4 YR YK
2 EREIL, BALTHEAHIRAL P OBREIZR
HT5.

DKA DEED 21~T9%7 3 7 —XD LAHH
ENAEWMEEINTWAS, ERRERXDT 3
S—VThbrbItbdhb BEIEREOBEEID
2, YN—EDHIENERE ORI GR 2
EhH5H Y. BHE1RERKEEZ TR I T —
EORL LT ) RA—EREErOlELY—HI—D
FRTBZERSENT

2013

3) $ERIEZHN

DKA & HHS o # sk L @il M RIS L
=R,

7Y F—Y AEDKA DA TH, ST
VaA—VERTHBI AN, BRHEEOT b7 ¥
N— 3 A DA & R R U i 2 & # B T &
5.
FTha—NVEEr VT Y F=VATIEEERT ¥
F—2&%0)9 50, L7 b= AT
EREEA A VIZ 18 mEq/I T2z bhwn .
DKA ZIZAD7 =4 ¥ Fx v TEHEORHE
TYR—Y R, BTV F—Y AR, F)FIVER
Ay )—), =FL ) a—=), NTTITE
N EoEYNR, A - BEEAeR L0
WIASLBE L 2 5. BERBEEDBKIRED & E 1
AEEOWENLETHL. EYMHHELBEL,
H)FUE AY ) —LOMPEENEDSEL
7 %, 4 A AR EE (250~300 mg/dl #E )
DEEIZYLEELRL, AHHELTHONS T
FL 7)) a—VidRPOERH VT AR EBIR
sk RO b L X ZBEDNS. NZT VTR
MR TR R ET A, L OEWIIES
FEAGWDID, T=FrFryvTeEbIT
BEEXyy TRETET

Y
D) s

DKA OERBEOESIZA v A ¥ &5, BAKD
il (k4 & NaCl Ofife), €OMEICLDEH
MmEDZIE, BMEWE BEEROFEEEL T
BELRETHAL. AWERICIIEE C~4RMI
L) OBERERSTFT—FIOE=S) y IHRELEE
7%, DKAOERO70—F¥— xR 2127
s

1) &k

o HTmER, EE, MRNOKGE
PHomn, BoERERETLAIILEIIDS. L
B Ic S 2 TS, RO 1~2 BIE AR
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R P T Y F—3 A (DKA) OiEhE L i

Ak E 15~20 mi/kg/HETHEAT S (P
REATI~151/8)., SnE TROAEIEER
LT 500 mI/ AR EE D HFRMAT 5. 5l & Wi < #iifl
B KSEORE, BRELAL, REIZLS.
# 1F Na (I #% 15 #$400 mg/dl £ T & Na cor
(mEq/l) = % #ll Na* (mEq/l) +1.6- [glucose —
15071001, i #% 14 #5400 mg/dl L | T & 1L iX
Na wr(mEq/l) = % #ll Na“™ (mEq/l) +4.0- [glu-
cose —150/1001) ASIER A2 & [ U#EE TE
B K T 5. ML Na A S22 EA
LTWwAEAI1E045% NaCl 2 (MiEEREE DK
T3 mOsm/kgH0/BE 22 2w X I ITEREL
7h55) 500 mi~1 I/BFEE CTHEAT . EHRE
RN TWT, &K IMEN%ITE20~30
mEq/l DK % & A 2%, BEVLEL THE
CIS BN ASTE 5 THAT 4. BEANEY 2
ZMfTEEE=5) ¥ (MEOWRE), RED
M (LTI MNTLR), BEREIZEST
W3 5. B 24 B AN THEE S MoKl
OARRS GREOFREORADYEE, DKA T
51FLE) AWM CHIET 5. O - BEEEED
b LY e EnE CIRMEREEDE=Y ) VT
EERR L, B, ORAIREOFE & ATV E RO
KA Z XA LIWET 5.
DKATIEF 7Y F=Y AL ) HIBEDIEH
MR CEIESH, mMEA250mg/dIUTERD
DIz 6 e[, pH %73, HCO; A% 18 mmol/I Lk
LEnrDIcfH12BHEES S Y, BT 200

mg/dl I T &Bolzb, 5% 7 FUfimie LT,

FRVIMFESEES NS T TS, YA 5 %26
iF5.

2) AR R

DKA DBBETIELF 22T —4 VA ¥ DFFHi

A, & DVIHHE R TES 2V LEZTT).

DKA QLI ERBTIESA Y A ) Y3ES
M= bPDWHPAIZESTHERE ENDBH, R
MEL, FEPESH TH D I Lo LTS
F LW, KATIREKIME (K>33mEq/)
ThiFE, 01 U/%kg BWR 78 EL, 01

2013

U/kg/Bs DR HED R SN T E 7275, BHED
B & 40 e s ER Tl 014U/ kg/IE O Fte i
FemgrzlE F—9AHFEIARLIATY
529,

BAO 1 FMT50~75 mg/dl MBEIET L%
T, BEOMERETIELRL T TS, VR
VIEARE | HE L ICE S A, M DKA
T200mg/dl FTETLAESA VAU ViEAE
0.02~0.05 U/kg/BeikiEd L, 5% 7 Fo Rz &A T
i e T4, MAENR250mg/dBEL LT
monA v A vIxERET FUEKRSER, M
B2 150~200 mg/dl \HEFRF T & B X ) ISIRET Y
%Y,

R A >~ A ) ¥ OB FEGIE L F =
5—4 YA v OHEREEOAR LABGRL &
%, WHEZR W LSS0 DKA I BT 5 ICU
BEICBITA 2RI EoBEMEA X 2)
TR, ICU TOEBEE L FFEOAME
LREMAETAIEDRENT WS Y, 7272
L, 4 DKA, EIFE, 57, EE%HHE
REOD LA ICU THEEERFEZ TX&
THhb .

3) AUDL (K)

LHOKRZIZL DS T, BEDSHE
& o & K Il #E 1 DKAHHS Tl F e Tld e v,
A V2 vEE 7Y R AOMIE, FHEH
FliEKEEE2 RS EEL0T, KKIMEEZ T
B4 57912, K 50~52mEq/l DIEF LR <
S b EY 2RI E R L) A TKHiTE
AT 5. —HEHICIZ 20~30 mEq/[ DK 2 &
W C4~5mEq/I DEFBO K 2R TE 5.
F N2 DKA O BE TEHLEKIMEDFI D 5.
ZoWEa, TTK240mE/IBEGAETLE
WAkl KA33mEy/IUEEZesTh o
DL A yEGERERREFABT A I
IR, CMELE, TRRREE STA0TH
5",

11



FLEE - I

4) EREEIR

BERBIEOFERICIEZER D 5, BHRMm
pH 7 EDBETIZ, 4 2 ¥ l8H55- -
IR 2 L, +oLiEcEco®
PR E ETEIRINEAE LTS v 2 ) U1k
HZWEs 50T, FRBEEMRS 2 L THMAHME
TYR—=YAEZHETSE. EEORBMET Y F—
YATIROHIGHOT, MImEE SE &
EoBBEEZ %73, pHA'69~71 ® DKA
ZBIT A EMEARI X R TIIERBHS CTHE

LAEZROT, ERBRIERS TOB X Uik,

MEEr P73 F—3 A0 E IR EL2ED Lo
27 L LAKK MEDEA, Mg&OBmERDY
ABOIT, BbiFlE, WHPEMRT Y F—3
ADEALZ DT LORELH B Y,

pH<69 T?D DKA IZBT 5 EREBERES O E
BRI 2 RBOBEF XV, EELT Y F—
VARRMERNOERLENKE WD, pH<69
D A DKA TIiZHE 5 EE Na 100 mmol % 400 m!
ZFHKTHML, 20mEq D K 2z T2 EET
EAL, pH>70 L %2 X C2MB L1280 K
THEFHERENIE (K2)". bAETHEE SR
B T%AA 18250 mliZizB & # 200 mmol D E
REBEPEEND.
9 Y

DKATOEED) ¥ OARIZFEH 1.0 mmol/
kg LT TH A7, ARBMiE) v 2 EFEH» R
LTWBZENZW, ) Vidf v R VgL &
LIZRET 5. ) RS ORN X EELRBRTIZ

DKA OERWERICBWTERZ R EDT,

R ) EFIEREOE S NV ALE % B
L. L&L, &Y Yl & 208, BHBGO
BIET LR AL % 2T 5720, OEERE,
g1, WEA%E, P<l0mg/d ®BETIIRE
EBWY) Y OMALFLENS Lewn ",
20~30mEq/I DY) Y BEAH ) Y A F I BT
o, BELKY VIETOLRERY VRIFIE 45
mmol/BEFTLEZ bhTwa ¥,

12

Z DA,

6) 122U ZETENDBIT

DKA f#iH o Z ¥ 1, 18 <200 mg/dl %o,
HREEA 4+~ >15mEq/l, R pH>73, 7=+%
YFx v T=12mEq/IDH B 20L R L
e Te b, DKA P ELTH BEISRO%
EENTE 2T IROER TR 22 FTL
AN ¥ FEGEEHE & B R MRS A, R TIRICRAT
TAGEDT T Y F—V ADBEREFHT A7
O, 1~2 R X FisE 2 5 5.

BRI RO RBEINAT R & 2o 7288, BER
(1,600~2,000 kcal) DFEIEBEAST X WAL,
HARDBERAART 5 TH A A%, £ L1z
i, BOEREETLT, ROBREHS = 4
VF—8 (200~400keal) %, 5%FEEE T F vy 5
zEt 1 S E 7213 3 SR (B E A% 100~
200 mg/dl BREIZHRF S A2 BOHME L > 2 1)
YHRLD) THRELEITSLZ LSRRI S,

TR RBRITEE & 72 o 72 5 Mk
5. #@BEOLAERBEOAL VA vigfbiEz
WUT, K& 3EESME AL >R v (F72138
WA > 2] 7)) AR BB AR AR A A
) Y e#AaEbElmibs v 2 VBRI L
T, Mz ra—LazK5.

bELEA YR YREFORERFERE TIE
WAITIERMI DA Y 2) U HREBIET I L2
Ab. A YA VRERZTIIHERE AL ¥R
ET1HHZD 05~08 Urkg 258853 2 2,

X ®
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R gumbEER, 6: 14 ~ 16, 2013

WK BE e Mk 2% 22 W FEEAR & L 72 Bt sRE Vil ZE A O vh 2 2 451

REhdumRkeNEs  F Y OB
GG RS A
R ERRBFEE

o ®'AT
UL i AN HE
A g

KA K

BE  WEROBM 2255 9 HHEZEBDFEE L 2 e ERICB VT, B TR WIS Eh S TS i
IR, FOMEYE T ZEARE (AR R IR T d o 7245, BIME B IR MU 125 C & b o 72, PIREEER

TRIFZEEZR LEHEONEEA-OTHRET 2.

(AAEFNE 20134 5 H15H 55330 R H h/NERHRER SIS TEFR L 72)

Key words : killer sore throat , HrffEMEMigERsE, AR

L &I

RRZEMICED 2 ER LR B2 PO HEE 2 40
RIERE LTV A LDICIHER L B Sh A fElES
## % —#z\Z "killer sore throat” ¥ FEA, MHEEE, ”
PERI BHIREE, TRSRE PH oM e, BRCERIRAE S &
TH b, FFITRHERIERRRID 54 5 ik o e
HIRED AR BREERT L I = — VR,
R EERAZITRERE L, LIFLIEMEEES
RIZBH I,

G, BROMETHAZESSLERRLL 3
T — VIERRE % 0 < BE D D R AR SHEIR 4 % 7T
T & Gedo7ns, FERNY 72 IRRZE A & B i 5 1 i 22
BRAEL Wi L7 —Bl 2R3 L -0 THET 5.

fE !

14 D A SRl R 70 B T-rh 2. $RICRT S 2 < FE8
DAPIGE Y, MHIEEZZ. CRPL5mg/dl, #H
MERFLT000/ 1| THEEF OB T CAM 2 & HikdEs 5

B3 1

14

MBRREF

WBC 5640 CRP 3.09 [ BUN 120
Neu 79 % mn/1h  28mm Cre 0.89
Eo 12% Na 137
Ba 02% Alb 4.0 K 44
Mo 6.4% GOT 22 Cl 97
Lym 13 % GPT 13
ALP 386 REH 1+
RBC 5657h GTP 20 FREM 14
Hb 16.2 LDH 245 RBC 1-4
MCV 825 CPK 69 wBC 1-4
PLT 22173 T.Bili 0.5 B ()
1

THEIERT 5 bR B4 A HICYRZS.
B X ORI 5e AR & B IR % 320 LSRR 0BT
MEELZEHSETRBBEL TS, L LAEMBTH
L9CHFEEHMIIHE O HEIZHESS. JRICTHES
Mgt 0, WEMFEBICTARE -7 (BH],
FH2, K1).
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IR R Mk 9 % W0 Fe iR & L 7= WOl e P il 22 Aa i oD i 52 AR 15

® B B CT
SBT/ABPC & CLDM # fif il L 68t ia, #H»
HHERICHMHBL—EL TeHIRBIEIRE (X2).
%R I 2 & QIR AEIR ISR AP IS BT 5
Tk, EE{RZIT TS IEREINEIIEA ITHEL,
BRmIC2 r BRICREELE (BE3, 5RE4).
ABE O MR, S 3R o2 <, -5
FHK]E.E";{- BWCHIRMARES B EERIELO L
ot (BE5)., ZO7z%, BYrriRimeaE < w ®EMCHTI—, BT

—bEHY SHRELL
A B

SBT/ABPC 6g/day
CLDM 1800mg/day MIEDTERICIEES B oz $ R BEE %

o MBICBOWTHRIICRE RO R o7,

Bl wA4 a7 AeBIUNMEs 73 I TOH
HMi-FELEIER L, FLABERICEHETH 7
D-dimer |ZERFAE —S L TIRT L7z

6
MBS M VR 2om
VYBC 5640 6700 2

G 00 _ - , £ =
DH 745 :

Cra

I 3 Wiy E R R B TH SIS DML ST, HBRO
[ 2 SANRE %D 5 VTR TH o 12 7-DOBMAEN S
B D, WU GIHEN W TR, H5wiEHH
BEE AL ISR BRI T, Medod
D3 AREMERYERTZLENDHE. INLER
LTI I2 killer sore throat & WU, BEZH TIEH
B ED LN TWS, FNED OLLT, &
VEIETR 2, WA IRE, RALEBRE, V—FY 4 o
L7y F—F (OEEEREEKR), ERIEEEERES
Ead s, Fio, BRERAGEIC X SRR, HIV
JEHIE DR SAE A B R IR P BB O 2k, BIE
) B Y, MRBREENRERELEET S
WS D.

— i Bl FEPE R 2k 4E 12, Kkiller sore throat & L
T ORGSR LM b, BB X
ARG, MENEED 7 — 7 VS RS
ZRF O RESRAE CA S A EAORICE U2 BMAE D

SEPIME CHEAEETHLOEENTVWEA, &
EOEFATIIERS TR EH S o/ &
TEtED 5\ i3 A2 B R M2 & b Rl v it 284
FEAVE L AW HENS B A b O L SN LA
FERITIRBEHREICORE OB CHRAERS 22T T
WA I EDD, REESEELL Do WREEDL S
5,

WFRIZLTHHMADBET 5 EREREREET

2013 15



g - - Bl

W, IOLIeWELHYIBI LB MkE
RO LB AN —2y 7L LTREBLY PR
BELERRORABTACLEEELELOND.

] L
BERECH L S 2 EEREEFTRA D> 724 0

16

D, FNLRFEEH & %8 o0 B B 38R e <
B % ZERA T & 2o 2ot BEIR 7 BhisE BB %
D-dimer O & 7 & B fEE R 824258 & S0 L 7=
RELEFRATLEEERE B LT T L BREG
BEPREEE, RIEEHERE L BENBWE LT
BRTLZIEFRUTHS.
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AT 77y 7L Tw [BVERBEIEL? 7o—
F PEETHLHEELFHELTELY, 4@,
flpEE L Y NERT L, SRR L vz HER
AR & T S B IS A o el 2 R L 7. E
FlER—F 70 b A LOERRERE R, FHKT

b R C b A L CORES b A LIRS LTz,

Lol YPETHWE P A LEHVLANLIR ) Bl
TE7-OTHET 5.

iE Bl

65F etk 2011EOQH I TER ML 22 1,
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R AFT L7z, 2012EO I B2z /-0 AR
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REXLADBFIZETICHF-sTLEY, ETKESBS
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(REEMOMT) FEROL) ZREE BT,
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A—N—2 9 ira YERIRT,
(BE3) dighikd=y bE, FhTLMHBNY —
YA DT, 7y ARy A= EfHT T
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(PElE o> #E3 )

2013

BI1 BIT et

TR EI06/146 (H v B A 7 45131)
#1y b4 7T FAEAS/6
oA L EE37/81 (# v b A 7 £568)
#v bAZUTFFMEERTY




R .

_ 7'3.I~“A AT

BYIESHT YR

T1BOEERS YR T 7—ID T Al

BH5

SIHICIZEEOAE—F TV M, LHILEFT L
7. 19RHICREBEHEBLTR—=F TV LHILE
Rofz. AEHICIEHBMOENT M LATEME L.
FATIZHTRT. B—F TV b, L EBEWTH &
) 1B0ERFETIREL.

(BEES) [180EFF v AZ77—]1 Dby T4 7%
AT BEMFTH ZRELEMARICISER NS &
IRy, ETLE—F TV LHFHTE 5.
(BHED) EHPEEREN RS, D EELER
PEofdl, BREDICEALLELRERE Ly PL

18

KH-LES

HTEILThA LIz (B4R
EARARENBELT SEMA AL BILIC (FR)

AuEMEN BT SEE—STILEALEIIS (1)

BEEIEAES Y BIZHE>T, Bt B IILA
WBHRL R DG ik, ZLTERLAL
[CRTYT Py L T 7O —F A B
VERBHEMTIO—F ),

BIAEREGHTIO—F

X1
mEE pER = iER-EH

X2 HBEek ADL BLBEEE (ML)

ZETRBIZKR—F TV I VENTAIEATE.
BROEZLENICHRT H T LAEES,
(Z%2) R1ICALERBPNEY 7o —F 2R L7
B L7-BfE2#DEL, BRTEILTRDAT Y
TIHEDHFETHY, FTE—FY TV VHETS
CLENEETHS.
(BEH®) M2134% ADL I 0BRE2 EHETRL
207 BHEAE—F 7V M VAL TWIIZ67%
A, BOAENTL0%VHEILR TS, K—%
T b4 VAN LTWRWEROA BT L~V1340%
726, R=F 7N I4 VHLET A ETHEBRKD
TREEAE T Z 2% H 5. SRz E [F—r7
VA VICRDME R ] HEHE, BEBRELKRE
CTHTWAWREEDRSH S Z EEIEH LIz,
R TOREOI Y MATR—-—Y 7V M LH
SELIGREBL S B, R—F 7N A VIZRY L Z
ZVRENI—AZH LW EE 2B,

ZE X
1) HEEE : ADL HIZIZIT T ok, MEEdh

EWhduEbE R Vol 6



b EAEH D) BT HUR TR LR~ [HyBRME 7 7o—7 ] LR MA T~

UANENF—Ta L HE 3 170~177, EHI3E R, MEDICAL REBABILITATION
2013 No.94 : 69~75. EEfHZELIAR. 2008

2) PR B - HEitU NE Y F v 3 v F -4

2013

19



R A LisbeiE R, 620~ 25, 2013

=

B

BIRAFEIRIZEDE L 72 PR B IRTEALRE 51,
BLUBELLTHEBROSRHELEIHT 2EH

LR WY RASETY  SWEEY BREME 8
) REFhRmbs HREAH

BE EMIAEBE. AR » AP SAETROBEMERTFRUMEL, SRCEMARE LS. DERET
&, EREBRFEEMELTEY, F4 F74 Y- ailEEHR RIEFBHIRI VA TR L A iR
BORODEFEDICRAERMNERSZ Z EREHETH -/ LALAT Y ML ZERIZEARROWEELH D,
IN—2 2y FDRHRTRTELE. 1+ ABROERTEHNEEHRKIEECHECREEIREIAZL Tz SEIZ
BECAF Y MEAZLTEHRERET, ERIERLA ARTOCT TATHOMEIIERLEBRCLIZ L0
THAILEFHEEL, —FHIERLAMED SOERENRE L LUELSNL. JUlRREERILL TRAME
PLhoTwd, FERLFHROBPEFIMANIIATHILL, 27V VEBEFAE 2L CHTH 200 5mERE

5. FABRBIREMTOECFHSWICBOTETHRADZZ2MAESRLRE T, P TOBREAMRIOARS
M, BERMICIENET S, 29 LAHEMIZNE X UREZNRSS SARLEIRICE L TEELaML 22

Key words : EiRAETIR, MEEDRMIE A#EREE

Bk oz, #3EI2T Ankle Brachial Index (ABI)
BATAL BT LTEBY AL 2o/

LEHRIZE P TRTEEEOKEHWOIICR T WAE - FR1694cm  REG3lkg LEHEMEFICER
RONZME!T, NHEBBIRL Y 5% T 5 TEIIR e EEICRE L L THEER L KRIIR, %S
BRRHBCRo THBE TCELINETHD. JaES BIREAES & bk AETREBIR & NEBIR % i
MBS, RBEBRARET S LI LB EEOH 7 BV reF 2 Ebe s FREROER: L
ERBATTHBL, BATRERELALRZW. LAL TEARBEERL WBCI0040/ 41 Hb 154 g/
I AAMIZ-3ADEET, HEETIZHBRLTDR dl PLT 308x10* /41 GOT 23 1U/1 LDH210 IU/
ELTHEMRICMETES - VIBFEIEET . CK 74 IU/1 LDL-C 70mg/dl HDL-C 79mg/dl TG
ZLOHERMEL LTORENTRTH B0, B 137mg/dl Cre 081 mg/dl PG 133mg/dl RER ()
T ERE LD, MERERELLNTHILd
H5, SEbRAbRIE, o OBEBLEEHRCBEEE
HRWEACAE % & 0F L@ L, ThicH LT mn
BEARRICC 2GR Lo THEL, §heT
BRFEEB I VEFREEFNBES I L OEREEMNL
7=
FEB : 6TRE R
F8F ETHEA
BETERE 61 CTRHIEI ) v F &3 ELAV PL F
- b WD, ETAB0E, SRILE EREO:
& [ TR,

EERE BT, L BAKE
BRE . 12 B 6vEihbRilsid. ETHEN ;
HT S L1220, P20 OEESZH L Yk 1 BEEGOCESETIERGHRTEESHAETROS.

L&

20 EFMIRREER Vol 6



JE B A BRI A L A2 2SR B IR TE (L AE (91,

ABRBIERE 0 AEY HICERED S T HEEIRER © it

1. M1 0B ETTREDIROTEEHECEDL.

ZOFFFIEMENTA F7 A4 X —%3FA L TREM
ERAr (PTA) 2R 74 F7 4 ¥ =, pilg
FEIR, B L OBKEEEIRICHEATRET, wiEE Bk
FEIOON— S L TARLEC A, BIEEFEIR, B
FENRAT collateral #FHTHHE L7z, #HIREGEIIRIZY]
EfE A FIAXY—%2HALTO 2mm 2SNV —>»T
PR L7z L LILRIEA R CTHE B E R THATH
% & BRIEE TR A S — i BER B> TWwA L9
THY, W= OARTIEHEISH LA 20T R
PAEZ LN, A7y FORBEBLEELA L Ll
A% ARt FZE L -8 & IR g IR IS b 52T
FHTREEA DY, HFEEFEHLT, A7 MIvh
HwIrkELT, MEEFHREZ O 4mm SV —2TH
SR L TR T E Lz, TR ZEMAENRD

TIML-2 70 —DIKETH -7z, BHBEL TIEET
74 b —. HEAERIG RIS L, BHllo ABT $1.09
e L7z, MBI AN, 2
A H %A FEE PTA % Rifr L7z, 52 TILIATIE S Bk
HECHETH Y, BEGEIRIISESEMELZoTY
7z, BilEl & FEHRISH 4 FUA Y= ZhERICTHAL
thMiJu‘ﬁ%.%fawﬁfkwfk—@m
Wed —H#EH L Twiciod, 2Sv—r TRiHLE®IC

4mm ZETI9mm £ & 15mm £ 2 2O FHE H A

i

[
-u.. e

2 PTA #® CT angio BT . EHEF BIIRE IZHEE
AT v bD AT EBEGTIIRZ OMO35F b KRS
ENTWE. ZREANZEEE O ARSIk

2013

BLUBEL - TRBIRO AR IZHT 5 EE

%3

A FAMTR A5 @ anglo AT R Td % 25k T I

ADNEELH D S B TW208b2 5. BlzhRisHr

5 QTN S G A RE IR A5 B R & D kL T

WBOH A, KGR T AL B

7> b (Express SD) #HzZ Z A FOHEI

Z i

MRIZIWIE L TV .

i

BElR & IR BRI kissing balloon technique TR

Jiw sk, A7 ¥ biE— tibioperoneal trunk (ZEH

FHLTWh 2ol B0IEEN

(R <

L,
®

', T 77 )y, YAAYS—EELLTHE
ZAu—k L7 FRTIEMEL HERL &N T
FHEBIZCT T
5 0 AEE N B

BIFTaHhotr, ##H7+0—070,
ﬁﬁu 3"1/;&' L?‘ L]_ —?PI..:L]*{ESU);'

kA & FTREBIIROETTEENITT,

Mg & Al

ELTFRICWCHEIRDSS Y, BEHEikE T TB
[ 1= e 1

D, HEAFBIRTSH S Z LA

mﬁwwlwm,lué%W#ﬁbﬂuﬁ.Mﬁﬁ@

17mm THh O MEFNICIEZH SR M TR SN ED -
((4). HHE L HZnE ITmserER%E L Bbhh,
Tﬁ B L E AL E B IR IN 20 B @ artery to artery

embolism @ T FEMEDTE W &I L 72

RABREAR

% KRRENAR

BB
B4 FEABBIRIGERL T A AEBEEMIRIEA S W

ectasia LA B LTV A,

AR LT



Wk - 5 - Sl

1, BRI B o T DN B R O LB
BRWEHE LT, 977 ) iEER R L TEB
WBHTHL.
FE 1 ERLFDIRIGEENINERE: STy
B THOA > 7 -~y a VicEETLEMIR
HZTE e THWIT2wEBL &R, HEEES
NTBY, MEFLEML TwBHL2 18324 D Green
SEOHRENRNTH DA, FRUHE, XBELEER
THIOMBOMENH BT ELVE SR, REOD
HEIZ1IFALL-6 ARELDHENHS. L,
pubmed THMETERVIEFNP, WES N Ty
ER, FZEOLIIRAPTICVEENRELHDE
FRoBEIES Y P LEVIEEND 5.
HWEESIRORKIT EEEHR, THHR WEBKE
P& T B R E FRAB OB IO

5. BREBRDHROETR, TEFHRDFS LICHTT,

PREWBC B o THEBHRITEL L) O —K

MTHL, Bower 53X 5 BBRLEHIROSETH.

RHPBBERICETIREUWE ZL L AEEH L
atieh, FlomAEe AT ons.
Eidwaeln s FESUF2ETHD LRGN
Tw5,

BRUFTHRIGELT2EE NS 2N, 20
B & L CHEOREME SO E RIMEE R B 5ot
WEED &) RHFNERIZL Y, B2HETOM
RMEERBELTETPTVONREEEL shpt?, 3
HREOSTTHRE LTI LM OBETREDN
Exohdd FRCHTIRERILALEALR
v, FLABESTHRREABEEHRRATOMER
BIIEFSDLLHIWMEELS Y, HBBEIRAIZG
Moenckeberg AKIEA S Wi EOBEET, WMEN
IBOMEREL 2oTWDH, HWHEFHRRE, HE
IHEE o T WITEEEESH L. LA LINIZE
LRERPEEL AL,

AREME, FE LTRAETEDROADRBET
dh, roFEMTHL. MEETIRETFHTOL
LTRTEEZAEDTHE. LALEREZEETH
DIRTIEL LA ectasia LEIRETHA ). A
X, BEDLPLARATHY, AESMFTIRIS
EoOEG PN TEROFRBMTH D H, MEE
ERACHMENBEENR L/-PTABEPO L —
YNOEIRE oo SR Vb, ERTRE IR
A A/ A T saddle embolism & % b, Mm% RNiAHEM
WBORSTRALEEELTE oD L BN
ns.

22

SEbivbhid, @ below knee DELHERD
MERGEEE 2ERBICTTiTof, 1EEDEET
AR B R~ QM % FR L TPTA 217w, &2
B FTRICIMEAT T L& BER L. RETHRA
2, MEREDL RSN, A 2oMRBHRETH- 7720,
AFVIEBLEBLAPAT v MSEOHEESS
Wik, 75— 37 MOLHICRIEE BRI M
LIESCGRATMEESSH B L, REMLEET L2
otz FOBRHETINT 7 ) P BE 2T 19,
RO PTAWTEEOREARIIKIBI-WESLAL
nrz MeiFdhoREHELTEEBbhb 241
RICBEMEERT BT L. iREBIROMTE
FEFIZBIFTH Y tibioperoneal trunk (ZFEWAIET,
TSEAEOHBEBBIRIZAT Y PEBBELT, 207
VRIR-B B & T kissing balloon technique % J51T L
BT L BEHO patency HRGFTh o7 40
DFERFID & 5 Mk Rk % o 5 5 e S EEE L
EETo1: LT 2EBEBOFRELTI FERRETEHEY
ThabEEZLLN

CERBYLD I, AR B EIRI & B AEE BRI LAE
DEB IR BRI TH Y, MEWHERICE
BHEILRL, 2o AT Y FEERTol
IHHELIBAFRALLRBY TELARANORTH -
58 ARESFNUCE LT, MENEEERLERIEDA
TERHELD DD, 1§, BIREL % 9 SABAERAH
VR G -sTLB2OPIERBEATRBVEDILT,
WO L THRELEREE, SARBRFEELR
bhs,

EE2 (HBRNEY BREZNER)  ERLTDH
RIZ X 2RAZEHREICEZ. BRERELEEEL
T, BEOBRD, BEROBROETHS, L Mib
HETHRORETRRBESADCER BT, £0
EEHREBEHEBIRL D FELEBRTH Y, T0E,
BEGHETHBEEIRE RBEIRFEEL TS, &
OFRONEEEIRFLREAEMBE THEIRE Y&
5. Ta4 & EEHI LI A TRESHIREHERL TR
MIERNEERORE L ZOPFEEOL MBI 2 E
HEETH S,

FRBEE N LM TIE, Robert Wiedershein 42 &
%1907 51 @ He 8% 4 # 208 #F Einfihrung in die
Vergleichende Anatomie der Wirbeltiere (ZHEIS, T
A, RHIE BRCBVWIETHROEEME LS
By (Arteria Ischiadica X F28k) THA L &h, W
AFMIBeTEAFEEDHCOALLRL LEHE

RFHIGREER Vol 6



WA BRI S OF L A BISEIEBR WL 0. B X OB L - PR 0 R S8 E T T 5 2 8

NTWDHT. TH0a/BT, [EAEEIERHTEE
RO ZT] Lviodz Ernst Haeckel DS I3IE
LWEERLTHAD.

b FOIEELIBNT, THROSBENIEE O LEBHIR
FHHL T AESHTOTEITLIL, LETERLH
IR AR &5 LT Trunes DAPRAER LOOEWRE 1K
ILAHET LN THY, FRTEPEOREGTE
B P BT, 1o 2 BE TR AWK
EThb & Ld, F0HRT 588 MT0EDE
AL T, —F, PEIEE 7 M5B L TEHs
BTGB LT LHEM SVORMTHY, vaTh

NERFLRICHRR T2 TH L. 2 ool T,

PR b2, RBEIEENIZS, WEEEMITL, IGH
B A¥30-50mmHg FEEE @ IE DIy, T 24 35 4o
WEOT RIS LMERTHLE WL LS. 85
FMLEAT100mmHg BL- & 4 LR T, #kibim)
WA EL 2A2NMERTHB, 7272 L BT LT3R
WA B B L THEL .

AR b, EIIRIE, DHORER L THmE R
EDOBEME T 2 HE O TIEH 2 DTV 5. I
LINZE, BCTIH LA TOLRL LB h, 19204
L TOILERE AT IRREA LT R ERRE LR
JENTH- BBV T, ik FoYE iR
ARG R T ERE P2V T VBRI E STy
kA THE Lol BEBIROMESEED, #ik
KT H H T & & Kawashima &5 A520105F 124850 &

B 5 e REA o WHELAT L 2 WG G 805506 1 o 22 4E.
AT AN LB & FIETIEd L 4o TV B Rt
(EHAZ X B).

2013

LTHE LTSS,

MRS o EBh, SEICBTEfin & LTR
ErxfLTwEA, WMEFIIBWTIEROHD 590
FERHUITTE 0PI P & 90 fhAs o 72
WECHEETAO L ETHZA{ERATHL &
Vio Ty, MERICBWTOMAETHAS. REIEK
BOTHIZIEMBETH S, THEBIEBREND - L
DChY, K- LBEONMEREAET, BI3MEvE
VI ET, EBAMENREIZRSE -7 body plan Th S
EVRD. ZORKRAPLELT L 0D, RiRFEEEMIC
&, WEAROL LRGP REOS S, L
ThbH ZOBREERL L, WEAEHROM TS
TETFRRETALHC2Y, TR L ik
W& {270 5 & 590 s Lz fuf &b, TR
AOEMNLEMBTHLLEAHMEELRSTLES
72HI0EMELCHME LT E, ZoBSk
twisting & FFZNTW AR, Zald, RIEET &
£ hFILETIE, BB L THOMAEA R 2 &
A MERICBAL T, FHERERNS» S TAEN
FEAY, AT AUTIENGG % 2B L C BRSNS
T3 ThoH Wln % L L TS
THEVHISERBIOE/NA LS (H6). hid
MEFCBNTEL, Ao hsE LT
A B EBD, BPRIEBEIBITLSIIL
LA, BHERRLETL, TORBERAHRLTLS
I BE L AL T 2T Rbhs, W
FAbNH0E, MHREAMFRLN TN, THEIC
BUWTIREBABIRTHE L3 2 Lilh b,

Kawashima 512 & A L EEMIEAEHEONE
iX22oH0, EBIREL OLEMFRT ventral branch
& dorsal branch T % A%, ICH#A. BIEIZBWT,

A

Fl6 T B o twisting & % B #E © component @2 1{k
{Kawashima 512&£ 3)

23



- B\ - =il s

BEBHRIZLBHBO ventral 1H Y, IR
% body plan ThH, & b THESA TV EBEREF
BhRIXIZE A A dorsal TH Y, THIZ 2RI
ER+tTOMETHAL LT, REFELLIIALNSD
DERBRLEORBERLTVWE. $4b%, &
HAeBBIRE, WA - REHOCLFHRIEF TS
h, BERLETHRIEXBRASMEL2DICAEL
7=, 2 ¥%M9% anastomosis TH B, 2V OIELD
WETHL ZORUOPTE, Lo LWHLEIZSY
LFHED twisting PROFME L - THBY, twisting
DR/RLEFIRELEMEF EO LS RLERMRIZL
BOPRBRER TV, T, TXTORAT
DBIRLEFEIRA, BEMONEF OO 2RA2 D
DTHDHEDEHRNY, I FREBLRBLDL
HEZDLW, TLBEMBEOL MIBIT2LEBIR
O, LEWEEONBEERCBELTS, Chat2KE
THHEFFEZIIC

—H T F /2 Ishizawa 5", WHABIIBWTHE
BRAHEBTAEAL LT, IBEMORE & LEE
ROMBEFEIEELTEY, WHEEIC W TR
AHEP2CRM LT wED, REBROEEEE
LTRSS ERER > TWAEREHL TS,

BRTIFERELT MELEDZRARLOT
2, BIETFREFASLTWAI ERTHICE
AbhEM, BETFEEFOREFRIDODLOLAOWREL
R TiEkALNEDP o LALEATRELD
& LT, Klippel-Trenaunay fEHE T ICERAE TR AS
WRT AL VIREND L, ZoOlmEEEEED
4 oDPEMEFIAEFEREE, 19984 (< [P i # i 1
BHEBERXRTOVR—-PTUTOILICEEINRT

V5. Klippel-Trenaunay fFEEH X 1900F 28R S 1,

A=t 74 Y BH, #kE BEEONEXRERZIE
WEd A5 —F, 1918FEIHE iz Parkes-Weber
BRI, RB— 74 CBE ABERE BH
Wk, LAEEHME T3, Sturge-Weber ETRFE
FAREOMENE 2 &3 458 L L, Osler-Rendue-Weber
FEFEM WIS IRE - B EmME B L2 $5. o
DAODEFMETHIEEFICHE L TIZIRASALE
EFORFIILZLOPEIEEH VEHERED T
vwh RASAIHEHEORMBEETZEHE RTK @
HMPRAEEROTRICHS RASEAZFHLT
Pl20-RASGDP TH N, ZoBES®1EEXER L
Y loss of function % & 7= Lilfa ¥ o L TE
BRHHRESTRERIEENE ZOMBET
X VEGF # Eph 2 &IZ#BTHY), —HF TRASAL

24

PAOMBENAESR-FIE 2 23 EH 0, BEMIEC
6@ redundancy D%, T OEFEBREOETREIK
ELBRRBEEILRTVS. 0420 FOH
T Klippel-Trenaunay SEHER I, ZO@ERAEEHRA
B0%DIERNCED - & Lz d 5. BRAFIRK
B OFTRBEOROMPOBETEEILVELT
WBWREEETFIEL LGRS,

b hbhoEE L AR, #iEFR
FEORBIIRVEITHE. LL, £ETHRTCE
ki, ERBRBHIKIETEORECEELRLSE
FREELFETHS. HE, HEORBEILAL T
LS FERENMRANFERL>>H Y, FGF #
homeobox BIZF D THOEEE D, LBERDFL:
EHBOMEERAFLE L TEPTLF-TEIEEHE
B, DO, MkipHomELBbhs.
FLTEORETFIE, BRBELEOEYH S, BH
WEMEDEY~DELERE{EELTVELDOT
HHTEREFWDOTVIEELHNS.

] £

PAZEMBIRFELE & L TREAZOEGL T OIK
ZAT Y MBEEL, TORICEIEERE LOERS
BEIRAVHMA L EMEERL, ETOXBMEREL
FREEOBEI P OOEERIBEML .

X #

1. Brantley 5K, Rigden EE. Raju 5. Persistent
Sciatic artery: Embryoclogy, pathology, andtreatment.
J Vasc Surg 1693; 18: 242-248,

2. RiEHEE— . K&, R E—, M. FASER
BRIEALAE % &0F L - @R B RMIZED L 7, Anst
P8 2004: 13: 437-440.

3. Bower EB, Smullens 3N, Parke WW. Clinical
aspects of persistent sciatic artery: Reports of two
cases and review of the literature. Surgery 1977: 81:
588-555

4, Yamamotc H, Yamamoto F, Ishibashi K, et al
Intermediate and long-term outcome after tresting
symptomatic persistent sciatic artery using different
techniques. Ann Vasc Surg 2011; 25 837.

5. Musa A, Rapp Parker A, Emmett MK, et al. Vasc
Endovasscular Surg. 2010; 44; 312-314

6. Patel MV, Patel NH, Schneider JR et al. Persistent
sciatic artery presenting with limb ischemia. J Vasc
Surg 2012; 57: 225-229

REEEES Vol b



WYRALE BYIRIC-EOF L 7 B S AR DN 1L B,

7. Robert Wiedershein R. Einfihrung in die
Vergleichende Anatomie der Wirbeltiere, Jena,
Gustav Fischer, 1907: 389-39158S.

8. Kawashima T. Sasaki H. Reasonable classical
concepts in human lower limb anatomy from
viewpoint of primitive persistent sciatic artery and
twisting human lower limb. Okajimas Folia Anato
Jpn 2010; 87: 141-9

9. HWAHEME  ARTENLEES dART-ONLIIIC
AFEn-oEEQOREE W HKAsH-2-+7
b, 1998: 128146

10, Ishizawa A, Hayashi S, Nasu H, et al. An artery

accompanying the sciatic nerve (arteria comitants

2013

BLUMREL - THRBIROZEEEIHET 2 E5

nervi ischiadici) and the position of the hip joint: a
comparative histological study using chick, mouse,
and human foetal specimens. Folia morpho! {Warsz)
2013; 72: 41-50

11. Ziveh S, Spreer ], Rossler J, et al. Parkes Weber
o Klippel-Trenaunay syndrome? Non-invasive
diagnosis with MR projection angiography, Eur
Radiol 2004; 14: 2025-9.

12. Eerola I, Boon LM, Mulliken B, et al. Capillary
malformation-arteriovenous malformation. a new
clinical and genetic disorder caused by RASA 1
mutations. Am ] Hum Genet 2003; 73: 1240-9



iE Bl

RE R RMmEELR 626~ 29. 2013

Mg HE LB e R ROETZE L
A SRR N BRI LR O 1 1

BOAROFEY MR E &Y

CR- IR i

R E Y B IR Y

1 REGRMEE SR

EE  CEMOROBME. LEERECH T HELTYV CT IS TEARSEI ScakoEReHEHL, #EREIT
BEERE & B R RIELTERAT 2 J6AT L 72, IBRAMR IR AR SR L Tl A B GBI B0 & 2 L 72, g2l B
ABGEB OB THT LB CT RBC TS ENERZEH L, LERETHTT 2 b FEEFEA #rik4 9 H
THRIRENL. BERBRIERPHINCZEREBRETH L. WMENEREOSELETE R L AHEia R BRI RRE O

1 e BET 5.

Key words : #hfRsITAR B iR, EREENEER

L&

BERTE I SR B R 0 — B3 TH S ATk
MINLEBETHD. BEEORBEBEEELOEND
LV, THMET TR REICFERSINE LR
RoSB2ETEALIAZEBRLLCOTHRETS.

REBI - 42 Bk

7 L EEE

BRI 1 20134 4 H23E.LBERAIC CHIRES. LEE
PRERE - REBEFRMELZEITT L LEFEL
@y, EELER CT T hifr. WERBICemm Ko
WA RS ROBREABEEO .

BRAERE 20080 +2eliEE. 415k B2 O OoFin

FIRE IRl Y & LRl

BfE © & 163cm 1RE83kg BMI 3124 IEH 3 E.

JE&RIL fatty THEIHVEREFDD Aoz
miEHmERR: E¥E2EH L7 CEA L
CAl19-9 L BBEFMAANTH /2. (F1)

1 MHEEERR

ABIRh (+) HBsAg (-) HCV-Ab {-) HIV-Ab ()

WBC 5150/p] RBCS508% 10" gl Hb 153g/dl Hid57% Pk 19.5x
0% ]

TP 6.5a/dl  Alb 4.4g/dl GOT 1410/ GPT 1510/1 AL-P 15610/
1 y-GTP 181U/t Ch-E 2731071 LDH 151101 T-hil 0.5mg/dl BUN
9.8mg/dl Cr 0.73mg/dl Na 143mEg/l K 3.8mEg/l Cl 107mEg/]
CRP 0.04mg/dl

CEA 2.7ng/ml CAT9-9 7.3U/ml

26

1 BHE#CT

JEE CT ¥t © BAERHIZSmm KOEBA R &

i EEHERCELTBYREERRs . EEDIR

BB o ERES D (F1)

IEEE MRI 2 BAERIHS0mm KD T2 THE

ik 7. MRCP TRIBEE TOREE D& L

EEOBEORENREEDL. (H2)
FHRNEBHRE  BAEKIZOmm KORM % L2

hypo-echoic % B # 27, (H3)

5% : ERCP % G174 % d BE~0H FHALTE#

EHmIREREER Vol 6



B PR FE AT B L St e IR 0 HE 4T & B2 L 7o Rl SR Ie R IR BT 0 o 1 1)

[ 2 JEE MRI fAs

BE ERENEE

M3 TR

Tholz.

i~ — A —0 TR LW, E§ZE» 5
M R A B R AR Bl & B AT L 7=
FAlar /& 0 FIEEEIRE I TR BEARESIZ5em
KOBE o~ [ i oo IEE 2 Ml Lz, B R
FIED 7= OPYHARETH o o720, WO ED
FEEH S MEEn R % &5 0EE. PR BT OIRE. B
EAEELDEER, K< v b L AT TR SN 2 58S
L7z, V) 3 No8a, 7. 9. 12aZ#iFL 7.
LI BRAEAS © PR R IR R K fESomm D8 i O i\ E
Brer. (K4, E5)

R R R AR A T L ¢ RIS P E RS A & A
PR 2 TR T 5 LS 2307, (H6)

M5 DRAET B I ek mziEiT s L L
B B &8 4 1 cytokeratin 7 & cytokeratinAE 1 /3 7%

BEETHH, AEMRESIE vimentin ¥ 2355

2013

M5 FERAR

% 6

cytokeratinAE 1 / 3 2355 TH o7z, (HT7)
V. XD  anaplastic carcinoma, spindle cell type
(so called carcinosarcoma) [ETFZBCHE 5 5% Al 700

(Whwsd HEPIE)] Pbt, 55mm, odular type, pT3

27



HLE - IR -

8 #if421H B ol EkERE CT

9 WEKERCT

CH (). DU (-}, $ (), Rp (), PV (), A (),

PL (-}, OO (), int, INF B, lyl, vZ, pNO, pMO,

Stage I &#BETL 7.

WHRAER BN s FL— 2 BL K
L=V %57, YREFO7 35— EHEICRHERLS
WHIWLFL— Y% 4B AaERMBL: 2
BRED BRIFCH 1 BIR DM Ligd 205 1LImAL
BIRRHPESE., FL+—2IoTingE. RgEdbmml, W
#218 B BRATOWEFDO 200 CT BEMRTT
WA EHEO DA ZEB LA (H8). Yay sy
Y& TS - 1 DREFMLF R B A LRI SRk
bRk e o4, FREBZHEE (K9). I
MEXR & FFREERANRS & 0 AR, ESENF 7247
D OAEDGE < BAK. #E1208 BikRI R

£ =

BT B L1903 IR BUR VA 8 4 ih &R
HEERO—#ARU e VEMFT SN, EMRY, £
WHlas, $SHEMERCFTTons BEEER
016%' 018%* L DHMENDH D, F7:08% (FEE
BRM&E007EL D) LOBELHDL. WTRIILTE
RERERRCLSNIMRBEATHE, PHELIZL
B L 19944 5 A 520054 3 B £ TOREHNIIZGT
HY, I HREEREEIE 7 F L R O RS 5

28

PG

A BV, HIESEMICEARBRIEETH LD, AE
AR D EMRESA LN A, kEY— b -t
BT s o &, T, EEBREOMRELLDA
JERE G~ DOBIFERATA SN D L Eh &5 LR REE A
Babd LB L TRET 2 ERREOE &
ER =TS, FENTERERES & LI ERR
ERERT L LESSSPRIEL, MBI RRE
RV LA SRR ORISR A B T s L
THET AEEERI D S T4, EElo
FEEEHIE & 33 IR . E D sarcoma Tid% <,
BB O EEHNE DRI ORI OMIE & 7 o 704k
BAERL TV RERDEMITTS L AEERS
i¥ cytokeratinAE 1 /3 L85 THh o742, DlbEa s,
ABIEBE (anaplastic carcinoma) @#GFEMIE,
HWBHEAME (so called carcinosarcoma) & HHRFL 7=

FREGSHL2EEREEREZE LT RL S
M, BEMEALLRETERSNLIENE VLS
Wi, KBELIILAZEHTIHBERREOFESIAT]
em (10~-240cm) ThHofzbDWEINTWHL, &K
EFEREORAEISSmTH Y IKFRMZ LD
LOTH - oA EELED SRR E L2 R E
Oidpof. CT LEETROMBERR L L CED
B, MRCP 2 THEE @il & FiE S O EIR

BERAREI DB gL o —ERE IR L .
ERPIZEE~AD I a2l —2 3 AR THHEHE
DEEERER L RWEREIT & T U S @i
A5 holod, HEZE EBEER RLEDN
BERCFRTAHAIED o2 s, B
ERETRCIEREETED

FAEFIONEE < —h — CEA & CALS- 9 Dl A
BATH 0, BRERBSMER%E FHLRITFEE O
KeRULDELIBROETIIBNTb—F—-D L
FidRBO Loz, MEFICECVTE. CAI-9OE
BEEABNOHREIEH DM, —RIZEE<-H-DO L
RIIgioiniiTha,

WATOEMFERICE ) Bl F 2 i BRHNE 0%
LY EEEEOTZH L B RERIZASND A5,
R BERBOENRE: Shh, REMTIE
WiEDb, BE—A—DOLRTEOLL -8 A
BB R R TR L 2h o7

BERBOFHIERRE 30, HEERELOM
MO EMEFEMNORSIIFA SN, HHEMMRE
D 3EY L OEFFREEORBHEBIZH T 1 HO
HTHo775,

BERIERIZMTHERIC L B0F - BilEgisnwk s

EFRRHGRER Vol 6



WENERY M LS 2R 0BT % B U8l IR R o 1)

5 FREAOHRMEBNIIVL, v2THHEHL
THERASBIR L7z, RIS CT TIFAICIEES
FETR L B o 2245, BT ORISR & BRI SEE0 IR
Bl 2400 HE L2221 IOCTIIClem
KOEHET DB TR LBEDH . BEELHN
LUHETOEEOHRATHY, £OBRDIHPATE
O CT AL THREDOBEIRBEE ATE. KEfloHE
BORET 2bhbmIkoETIdE EF L ohd 5B
EddR v 2 bFEEIC LT, Efs S vz
EHHDMERD Lo, RO THE OKE

BITEEL Y ALk TS| OfEHET BERAL,

CEATHIEOWG THED H D OTHER R Y BB L 7z
A5 M OHNHREBEC AN VR TH o 7.
ik 4 e B CRIES ORI L 2B K & IFA 4
T, BB BERIRRS W
WA T OB 1 £ LA TIRIT8T0%
EOWMENH B Tz, BRI LWL 228

&, RGBT AE LB T A LML

LaL, o &3 3R EORMAEGRR L RS
NTWS I Eh6, BN TE, RERLVERTS

A%, T OREERICHE DA e IR TR E
EERD.
# ;m

OB RIS LA, WRIKRR ST oo A B IR T

2013

WO 1 I iEER L7 BRER L AT RERT L, TPHTIR
TIAT L7 AR R AR As iR . RS
TALSENEE R HEAT S A b IFIES T REIT R L, Wik
4 ATRERARE N, BHEAHROBITFEL
Folsit e SRR R o 1 Bl & 3y U 7.

AP SE1150E F M AR RS (20134 6 H23R1
R (2BW»ToEREL 7.

X 73

b — DA E O RF—2ERAE, 5—. - JE-
& 6 : 683-696. 2003

2 OARBEZSEHEES O ARRRESE 2R 5
204 idh. R 18 1 101 -169. 2003

3 EEM, fOBEI NESRIT  mRR
SR 2 L2z L5em EO BRI IEREEH (B8R 1Y)
o 1H. BIEAREE 39(6) 1 680-695, 2006

4 K K HE O BERFZIES  2ENIER
UZEOBTE A (RRMIER) o 191 B
ek 69(11) 1 2980 - 2985, 2008

5 WNFE EHILE, WIEHEEIS  BIPREE
i OGREEANRRE) @16 DEAaEE 73(2): 442
- 447, 2012

29



REFhyLilEER, 630 ~ 39, 2013

ORIGINAL RESEARCH

Image Quality and Radiation Exposure
With Prospectively ECG-Triggered
Axial Scanning for Coronary CT Angiography

The Multicenter, Multivendor, Randomized PROTECTION-III Study

Jorg Hausleiter, MD,* Tanja S. Meyer, MD,* Eugenio Martuscelli, MD, Pietro Spagnolo, MD %
Hiroaki Yamamoto, MD,§ Patricia Carrascosa, MD,| Thomas Anger, MD,q

Lukas Lehmkuhl, MD# Hatem Alkadhi, MD,*™ Stefan Martinoff, MD, T+
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Albert Schémig, MD,* Stephan Achenbach, MD3=

Munich, Bayreuth, Leipzig, and GieBen, Germany; Rome and Milan, Italy; Nagano, Japan;
Vicente Lépez, Argentina; and Zurich, Switzerland

OBJECTIVES The purpose of this study was to evaluate image quality and radiation dose using a
prospectively electrocardiogram (ECG)-triggered axial scan protocol compared with standard retrospec-
tive ECG-gated helical scanning for coronary computed tomography angiography.

BACKGROUND Concerns have been raised regarding radiation exposure during coronary com-
puted tomography angiography. Although the use of prospectively ECG-triggered axial scan protocols
may effectively lower radiation dose compared with helical scanning, it is unknown whether image
quality is maintained in a clinical setting.

METHODS In a prospective, multicenter, multivendor trial, 400 patients with low and stable heart rates
were randomized to either an axial or a helical coronary computed tomography angiography scan protocol.
The primary endpoint was to demonstrate noninferiority in image quality with the axial scan protocol, which
was assessed on a 4-point scale (1 = nondiagnostic, 4 = excellent image quality). Secondary endpoints
included radiation dose and the rate of downstream testing during 30-day follow-up.

RESULTS Image quality in patients scanned with the axial scan protocol (score 3.36 * 0.59) was not inferior
compared with helical scan protocols (3.37 = 0.59) (p for noninferiority <<0.004). Axial scanning was associated with
a 69% reduction in radiation exposure (dose-length product [estimated effective dose] 252 = 147 mGy - cm [3.5 =
2.1 mSv] vs, 802 + 419 mGy - cm [11.2 = 5.9 mSv] for axial vs. helical scan protocols, p < 0.001). The rate of
downstream testing did not differ (13.8% vs. 15.9% for axial vs. helical scan protocols, p = 0.555).

CONCLUSIONS In patients with stable and low heart rates, the prospectively ECG-triggered axial scan
protocol maintained image quality but reduced radiation exposure by 69% compared with helical scanning. Axial
computed tomography data acquisition should be strongly recommended in suitable patients to avoid
unnecessarily high radiation exposure. (Prospective Randomized Trial on Radiation Dose Estimates of CT
Angiography in Patients Scanned With a Sequential Scan Protocol [PROTECTION-III; NCT00612092)  (J Am Coll
Cardiol Img 2012;5:484-93) © 2012 by the American College of Cardiology Foundation
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" oronary computed tomography angiogra-

phy (CTA) has emerged as a useful diag-
A nostic imaging modality for the noninva-

T sive assessment of coronary artery disease
W1th accepted clinical indications in selected patient
groups (1). Although coronary CTA has high
diagnostic performance to detect and exclude ob-
structive coronary artery disease (2—4), there are
concerns regarding potential stochastic risks related
to its use of ionizing radiation (5). Accordingly,
strategies to obtain diagnostic images on coronary
CTA with the lowest possible radiation exposure
need to be developed and validated before they can
be widely applied. In a recent randomized study, we
demonstrated that coronary CTA imaging with a
reduced tube potential of 100 kVp in nonobese
patients preserves image quality compared with
standard 120-kVp computed tomography (CT)
data acquisition, while the estimated effective radi-
ation dose is significantly reduced with 100-kVp
imaging (6). However, it is critically important to
appropriately balance the desire to achieve low
radiation doses with the likelihood of obtaining a
useful diagnostic image.

Prospective electrocardiogram (ECG)-triggered
axial scanning, also known as “step-and-shoot” or
“sequential scan mode” (7), has been introduced as
an alternative scanning technique to standard heli-
cal (spiral) scanning with retrospective electrocar-
diographic gating with the intent to decrease coro-
nary radiation dose on CTA. With this technique,
radiation is applied only at a pre-defined point in
the cardiac cycle, rather than during the entire cycle,
which may reduce radiation exposure by approxi-
mately 60% to 80% (8-11). Although its use has
been increasingly advocated (12-15), the compara-
tive effect of coronary CTA using axial versus
helical CT data acquisition on image interpretabil~
ity, image quality, and radiation dose in consecutive
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adult patients has not been well established. Con-
sequently, the primary objective of this randomized
study was to demonstrate the noninferiority of an
axial scan protocol for coronary CTA in terms of
image quality compared with conventional helical
scanning. The secondary objectives were to com-
pare radiation doses and the need for additional
downstream testing in the 2 groups.

METHODS

Study protocol. PROTECTION-III (Prospective
Randomized Trial on Radiation Dose Estimates of
Cardiac CT Angiography in Patients Scanned
With an Axial Scan Protocol) is an international,
multicenter, investigator-driven study, which ran-
domized patients undergoing clinically indicated
coronary CTA for suspected coronary artery disease
at 9 study sites to either prospectively ECG-
triggered axial or retrospectively ECG-gated helical
data acquisition. Only patients in stable sinus
rhythm with heart rates <65 beats/min scanned on
single-source CT systems or heart rates
<75 beats/min scanned on dual-source
CT system were eligible for this study.
Exclusion criteria were known coronary
artery disease, extensive coronary artery
calcifications with an Agatston score
equivalent of >800 U (if calcium scoring
had been performed), cardiac CTA for a
noncoronary indication, and non-ECG-
triggered or non-ECG-gated coronary
CTA studies. The study protocol was approved by
the local ethics committees. Written informed con-
sent was obtained from each patient before enrol-
ment in the study.

Study design and coronary CTA. Patients were ran-
domly assigned to an axial or a helical scan protocol
by means of sealed envelopes. Separate randomiza-
tion blocks were used for the participating institu-
tions to allow for a comparable number of patients
for each CT manufacturer. At 9 participating study
sites, the following CT systems were used: Light-
Speed VCT (2 sites; GE Healthcare, Milwaukee,
Wisconsin), Brilliance 64 (3 sites; Philips Medical
Systems, Best, the Netherlands) and Brilliance iCT
(1 site; Philips Medical Systems), and Somatom
Definition (3 sites; Siemens Medical Solutions,
Forchheim, Germany).

The administration of beta-blockers was recom-
mended to obtain heart rates lower than 60 beats/
min. Coronary vasodilatation with the use of oral
nitrates was also recommended. Before randomiza-

ABBREVIATIONS
AND ACRONYMS

BMI = body mass index
CT = computed tomography

CTA = computed
tomography angiography

DLP = dose-length product

ECG = electrocardiogram
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tion, a localizer was acquired for planning of sub-
sequent scan ranges, and, if indicated, an unen-
hanced scan for coronary artery calcium scoring was
performed. Coronary CTA was carried out with
scanner settings and with the contrast injection
protocols at the discretion of the local study inves-
tigator. Depending on local algorithms, tube cur-
rent and potential were selected, and subsequently,
randomization envelopes, which contained instruc-
tions regarding the scan protocol (axial or helical),
were opened. The use of a reduced tube potential of
100 kVp was recommended in noncbese patients,
defined as either a body weight <90 kg or a body
mass index (BMI) <30 kg/m?. The study protocol
recommended leaving all other scan parameters
unchanged. The use of other strategies for radiation
dose reduction, including selection of tube poten-
tial, ECG-controlled modulation of the tube cur-
rent in ECG-gated helical data acquisition, or a
widening of the data acquisition window with axial
scanning, also known as “padding,” was recom-
mended when appropriate and clinically indicated.
After data acquisition, the local study investiga-
tors reconstructed the axial images according to
local protocols and as needed for clinical decision
making. Image reconstruction parameters including
the selection of the cardiac phase with the lowest
motion, the applied reconstruction kernel, and
technique were at the discretion of the investigator.
The study protocol required that all available axial
datasets, which had been reconstructed for clinical
decision making, be sent to the study core lab for
analysis of image quality.
Study endpoints. The primary endpoint of the study
was image quality, assessed with an image quality
grading score. Secondary endpeints included radi-
ation dose and quantitative image quality parame-
ters. Furthermore, the need for downstream testing
(stress echocardiography, stress nuclear cardiac
perfusion imaging, or stress magnetic resonance
imaging) and invasive coronary angiography
within 30 days after coronary CTA was assessed
as clinical endpoint. The follow-up protocol after
coronary CTA consisted of a telephone interview
at 30 days.
Data analysis. Two experienced operators who were
unaware of the assigned scan protocol evaluated all
datasets in the coronary CTA core laboratory. The
datasets were anonymized and analyzed in random
order to avoid any bias. The datasets were evaluated
using axial slices, multiplanar reformations, and
thin-slab maximum-intensity projections. Image
quality was determined on the basis of a 4-point

grading system, which has been described in detail
elsewhere (6). In brief, each coronary artery (left
main, left anterior descending, left circumflex, and
right) was assigned a score of 1 {nondiagnostic
image quality), 2 (adequate image quality), 3 (good
image quality), or 4 (excellent image quality} by 2
experienced observers, To avoid intrapatient corre-
lations, image quality scores of the 4 coronary
arteries were averaged. In case of disagreement
between the 2 observers, final assessment was made
by an experienced third reader. In addition, coro-
nary CTA studies with assigned scores of 1 in any
coronary artery were defined as nondiagnostic stud-
ies. Pre-specified subgroup analyses for image qual-
ity scores were performed for: 1) patients in the
fourth heart rate quartile; 2) patients with heart
rates =65 beats/min; and 3) CT systems and
manufacturers.

Coronary artery contours were assessed using a
modified “blurring score” on a per patient basis (16).
Using a 4-point scale, this score reflects the ability
of coronary plaque assessment that could be ham-
pered by graininess (mottle) and/or motion artifacts
(Fig. 1): 1 = extensive blurring (reliable assessment
of vessels contours impossible); 2 = medium blur-
ring (graininess or motion impairing assessment of
vessel contours but still containing sufficient infor-
mative value); 3 = slight blurring (minor blurring
and/or graininess of the vessel contours); and 4 =
minimal or no blurring (images with sharp vessel
contours and little graininess).

Signal intensity, image noise, signal-to-noise ra-
tio, and contrast-to-noise ratio were quantified as
objective image quality parameters. All measure-
ments were performed on reformatted axial images
with a slice thickness of 1.0 mm to allow compa-
rable measurements between different CT systems.
Signal intensity was derived from the mean CT
attenuation values (Hounsfield units) averaged from
2 circular regions of interest (size > 7 mm?) in the
proximal segments of the left and right coronary
artery lumen. Image noise was defined as the
averaged standard deviations of the CT attenuation
values within these two regions of interest. The
signal-to-noise ratic was calculated as the mean CT
attenuation values of the left and right coronary
arteries divided by the image noise. The contrast-
to-noise ratio was defined as the difference between
the mean CT attenuation values of the proximal
coronary arteries and the mean density of the left
lateral ventricular wall, which was divided by image
11015¢.
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Score 1: Score 2:
extensive medium
blurring blurring

Score 3: Score 4:
slight minimal

blurring or no
blurring

Figure 1. Examples of Different Blurring Scores

Representative examples for the different blurring scores. The examples show curved multiplanar reformations of the right coronary
arteries of different patients. (A) Extensive blurring, (B) medium blurring, (C) slight blurring, and (D) minimal or no blurring,

Estimation of radiation dose. The study investigators
obtained the parameters relevant to radiation dose,
including volume CT dose index and dose-length
product (DLP) from the scan protocol generated by
the CT system after each coronary CTA study. The
effective dose of coronary CTA can be estimated by
a method proposed by the European Working
Group for Guidelines on Quality Criteria in CT
(17). The effective dose is derived from the
product of the DLP and an organ-weighting
factor for the chest as the investigated anatomic
region. This organ-weighting factor (¢ = 0.014
mSv - mGy ! - em ™) is averaged between male
and female models. This weighting factor is
considered to be derived from the most self-
consistent and reliable dataset (18).

Statistical analysis. The objective of the study was to
assess the noninferiority of an axial compared with
a helical scan protocol. Sample size calculation was
based on a margin of noninferiority for image
quality score set at —0.20, because a larger differ-
ence has been considered clinically relevant (6). The
assumed common standard deviation of image
quality was 0.65. With power of 80% and a 2-sided
alpha level of 0.05, we estimated that 167 patients
in both groups were needed to show the noninfe-
riority of the axial scan protocol. To compensate for
unforeseeable scanning problems, we aimed to en-
roll a total of 400 patients (200 in each treatment
arm). Sample size calculation was performed with
nQuery Advisor (Statistical Solutions, Cork, Ire-
land). The analysis of primary and secondary end-
points was planned to be performed on an

2013

intention-to-diagnose basis. Results are expressed
as counts (or proportions in percents) or as mean *
SD. Continuous and categorical variables were
analyzed using 2-sided 7 tests and chi-square tests as
appropriate. Differences in radiation dose were
analyzed using the ordinal Wilcoxon rank sum test.
The R language (R Project for Statistical Comput-
ing, Vienna, Austria) was used for statistical anal-
yses. Statistical significance was defined as a p value
<0.05. For subgroup analysis between CT system
manufacturers, a Bonferroni adjustment was made
for multiple comparisons, with a significance level
of 0.0125.

RESULTS

Patient and coronary CTA characteristics. A total of
400 patients were enrolled between May 2008 and
June 2009 at 9 participating institutions: 200 pa-
tients each were randomized to an axial or a helical
scan protocol. Patient and coronary CTA charac-
teristics are shown in Table 1. With an average
body weight of 75.2 = 14.8 kg and an average
height 0of 1.70 = 0.10 m, the mean BMI was 25.9 = 3.8
kg/m”. Both groups were well matched regarding
the CT systems and manufacturers used and the
administration of oral or intravenous beta-
blockers before coronary CTA. The resulting
heart rates were low during CT data acquisition,
demonstrating a small but significant difference
in favor of axial scanning (53.9 £ 6.1 beats/min
vs. 55.6 * 5.5 beats/min for axial vs. helical
scanning, p = 0.003). There were no significant

Image Quality and Radiation Exposure With Prospectively ECG-Triggered Axial Scanning for Coronary CT Angiography
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Table 1. Patient and Coronary CTA Characteristics
Axial Helical
(n=200) (n=2000 pValue

Height (m) 170+ 0,70 1.69*+0.10 0.369
Weight (kg) 755*143 750154 0727
Body mass index (kg/m?) 259+34 260%41 0.761
Beta-blocker administration before coronary CTA 0.488

None 46 (23.0) 41 (20.5)

Oral 96 (48.0) 90 (45.0)

Intravenaus 58(29.0) 69 (34.5)
Heart rate (beats/min) 539+ 6.1 556+ 55 0.003
Scan length {mm) 13518 127 £ 28 0.002
CT system 0.859

GE 63 (31.5) 62 (31.0)

Philips 69 (34.5) 74 (37.0)

Siemens 68 (34.0) 64 (32.0)
100-kVp tube potential 67 (33.5) 63(31.5) 0,665
Values are mean = SD or n (%).
CT = computed tomography; CTA = computed tomography angiography.
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differences between the groups in the use of a
reduced tube potential of 100 kVp, which was
used in 33.5% and 31.5% of patients scanned
with axial and helical data acquisition, respec-
tively (p = 0.669). The scan length was 8 mm
shorter with helical scanning (135 * 18 mm vs.
127 % 28 mm for axial vs. helical scanning, p =
0.002).

Coronary CTA image quality. The mean image qual-
ity score was 3.36 *= 0.59 in the cohort scanned
with prospectively ECG-triggered axial acquisition
and 3.37 = 0.59 in patients scanned with retrospec-
tively ECG-gated helical acquisition (p = 0.866)
(Fig. 2A). Diagnostic noninferiority of the axial
scan protocol was demonstrated because the lower
margin or the 2-sided 95% confidence interval of

—0.11 of the difference between image quality
scores did not cross the pre-defined noninferiority
margin of —0.2 score points (p = 0.004). Repre-
sentative examples of 2 coronary CT angiograms
acquired with axial and helical scanning are shown
in Figures 3A (axial) and 3B (helical).

Nondiagnostic coronary CTA studies (image
quality score of 1 in any coronary artery) were
observed in 13.0% and 11.5% of axial and helical
scans, respectively (p = 0.647). Motion artifacts
were the leading reason for a nondiagnostic image
quality score (Table 2). In these patients, heart rates
were slightly higher than in patients with diag-
nostic coronary CTA image quality (56.4 *+ 6.6
beats/min vs. 54.5 & 5.7 beats/min for patients
with nondiagnostic vs. diagnostic coronary CTA
image quality, p = 0.028). Misalignment artifacts
(1% and 0.5% for axial and helical, respectively)
and extensive coronary calcifications (2% and 1%
for axial and helical, respectively) were less fre-
quently identified as reasons for nondiagnostic
image quality, Results for quantitative image
quality parameters, including the blurring score,
are summarized in Table 2.

In pre-specified subgroup analyses, no significant
differences in image quality grading scores were
observed between axial and helical scan techniques
in patients in the fourth quartile of heart rates (=58
beats/min; 3.26 *= 0.67 vs. 3.12 = 0.66 for axial vs.
helical scans, p = 0.317). Only 21 patients with
heart rates =65 beats/min were scanned; in these
patients, no significant differences in image quality
scores were seen between axial and helical scan
techniques (3.22 = 0.52 vs. 2.92 * 0.70 for axial vs.
helical scans, p = 0.287). Similarly, no significant
differences in image quality grading score were

F = 0.866

B axial

P < 0.0001

[ helical

| Figure 2. Image Quality Score and Estimated Radiation Dose

(A) Image quality score and (B) estimated effective radiation dose in the prospectively electrocardiogram-triggered axial and the retro-
spectively electrocardiogram-gated helical coronary computed tomography angiography scan groups.

_ |
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observed between the different CT systems and
manufacturers (Fig. 4A). Finally, no significant
differences in image quality grading scores were
observed between axial and helical scan techniques
between nonobese and obese patients (BMI < 30
kg/n12: 3.37 £ 0.59 vs. 3.40 = 0.57 for axial vs,
helical scans, p = 0.593; BMI = 30 kg/m?: 3.28 +
0.59 vs. 3.20 % 0.69 for axial vs, helical scans, p =
0.658).

Radiation exposure. Table 2 shows the results for
radiation exposure with both scan protocols. The
mean volume CT dose index was significantly
lower for the axial scan protocol (18.6 * 13.1
mGy) than for the helical scan protocol (53.5 =
28.6 mGy) (p < 0.0001). Similarly, the DLP was
significantly lower for the axial scan protocol (252 =
147 mGy - cm vs. 802 * 419 mGy * cm for axial
vs. helical scanning, p < 0.0001). This corre-
sponds to a 69% reduction in estimated effective
radiation dose for the axial scan protocol (3.5 =
2.1 mSv vs. 11.2 = 5.9 mSv for axial vs. helical
scan protocols) (Fig. 2B).

In a subgroup analysis of patients scanned with a
100-kVp scan protocol, DLP and estimated effec-
tive dose were reduced by 72% with axial scanning
(DLP 160 = 91 mGy * cm vs. 564 = 280 mGy -
cm; effective dose 2.2 = 1.3 mSvvs. 7.9 = 3.9 mSv
for axial vs. helical scanning, p < 0.0001 for both).
Radiation dose was reduced by 68% and 70% in
nonobese and obese patients, respectively (DLP:
BMI <30 kg/m?, 250 = 148 mGy - cm vs. 782 =
404 mGy - ecm for axial vs. helical scans, p <
0.0001, and BMI = 30 kg/mz,267 + 138 mGy - cmvs.
900 * 480 mGy * cm for axial vs. helical scans, p <
0.0001). Radiation dose reductions with axial scan-
ning as stratified by different CT systems and
manufacturers are displayed in Figure 4B.

Clinical follow-up. Thirty-day clinical follow-up was
completed in 97.8% of patients. During follow-up,
27 patients of the axial scan group underwent
additional testing for suspected obstructive coronary
artery disease (26 patients with invasive coronary
angiography, 1 patient with stress nuclear cardiac
perfusion imaging, and 1 patient with stress echo-
cardiography). In the helical scan group, 31 patients
subsequently underwent additional tests; all patients
were studied using invasive coronary angiography.
Consequently, the rate of downstream testing did
not differ significantly between both groups (13.8%
vs. 15.9% for axial vs. helical scanning, p = 0.555).
No significant differences in image quality score
were observed between patients with and without
need for additional diagnostic testing (with addi-
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Figure 3. Curved Multiplanar Reformations

{A) Corenary computed tomography angiography (CTA) acquired with pro-
spectively electrocardiogram-triggered axial data acquisition in a patient
(height 164 cm, weight 70 kg, heart rate 47 beats/min) on a Siemens Defini-
tion scanner. Applying a tube voltage of 120 kV and tube current of 371
ref.mAs, the resulting dose-length product was 257 mGy - cm (estimated
effective dose 3.6 mSv). (B) Coronary CTA acquired with retrospectively elec-
trocardiogram-gated helical data acquisition in a patient (height 177 cm,
weight 83 kg, heart rate 53 beats/min) on a Siemens Definition scanner. Applying
a tube voltage of 100 kV and tube current of 360 refmas, the resulting dose-
length product was 288 mGy - cm (estimated effective dose 4.0 mSv).

tional diagnostic testing, 3.40 = 0.46 vs. 3.27 =
0.54, p = 0.354; without additional diagnostic
testing, 3.36 * 0.61 vs. 3.39 * 0.60, p = 0.608) for

axial versus helical scans, respectively.

Table 2. Results on Image Quality and Radiation Exposure

112259

Axial Helical
(n = 200) (n = 200) p Value |
[ image quality score 3.36 = 0.59 337 = 059 0866 |
Nondiagnostic image quality due to 0.203
Mation 16(8.0) 20(10.0)
Excessive calcification 4(2.0) 2(1.00
Stair step artifacts 5(2.5) 1(0.5)
Others 1(0.5) 0(0.0)
Blurring score 277078 271083 0.452
Signal intensity (HU) 412 £ 122 412 =113 0.969
Image noise (HU) 277 =152 247 £176 0.073
Signal-to-noise ratio g b e 19.0+74 0.021
Contrast-to-noise ratio 13065 144 +6.2 0.025
CTDlyg (MGy) 18.6 = 13.1 53.5 + 286 <0.0001
DLF {mGy - cm) 252 =147 802 =419 <0.0001
Effective dose estimate (mSv) 3521 =0.0001

Values are mean = 5D or n (%)

CTDl, = volume computed tomographic dose index; DLP = dose-length product; HU = Hounsfield

units.
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Figure 4. Image Quality Score and Radiation Dose for Different CT Vendors and Systems

(A) Image guality score (all p = n.s) and (B) estimated effective radiation dose (all p < 0.001) in the prospectively electrocardiogram-
triggered axial and the retrospectively electrocardiogram-gated helical coronary computed tomography angiography scan groups dis-
played according to the computed tomography (CT) system manufacturer, The study included predominantly 64-slice CT systems; GE
and Philips CT scanners used a single-source configuration, while a dual-source configuration was used with Siemens CT systems.

DISCUSSION

Within the past few years, a variety of strategies
have been proposed to reduce exposure to ionizing
radiation during coronary CTA, including auto-
mated exposure control (19), ECG-controlled tube
current modulation (20), and the use of a reduced
tube potential of 100 kVp (21). It is important that
the use of reduced dose acquisition protocols not
increase the rate of nondiagnostic studies. This has
been demonstrated for some dose reduction strate-
gies, such as the use of a reduced tube potential. For
example, we were able to demonstrate in a prior
study that 100-kVp imaging in nonobese patients
was associated with comparable graded image qual-
ity, and similar rates of downstream testing, while
radiation exposure was reduced by 31% compared
with conventional 120-kVp imaging (6). The study
presented here provides further support that coro-
nary CTA with lower radiation dose is feasible
without compromising diagnostic image quality,
when the prospectively ECG-triggered axial scan
mode is used. In retrospectively ECG-gated helical
scanning, x-ray data are acquired throughout the
entire cardiac cycle with a continuous rotation of
the gantry and simultaneous movement of the
patient table. With axial scanning, radiation expo-
sure and therefore CT data acquisition are initiated
after the detection of an R peak and are limited to
only a pre-defined phase of the cardiac cycle, usually
the diastolic phase with greatest likelihood of min-
imal cardiac motion. Radiation exposure is then
suspended while the patient table is moved to the
next z-axis position, and the process is repeated

until the entire scan length is covered. In this
prospective randomized study, we compared both
scan protocols, axial and helical, concerning image
quality in patients with suspected coronary artery
disease. We demonstrated that the use of an axial
scan technique for coronary CTA resulted in com-
parable and noninferior image quality compared
with conventional helical scanning, while at the
same time the estimated radiation dose was reduced
by 69%. Furthermore, the ability of coronary plaque
assessment as determined by the contour blurring
score was comparable between both groups. These
findings were consistently observed across multiple
manufacturers and platforms, implying that these
results may be generalizable to a variety of commer-
cially available CT scanners. Furthermore, the study
identified similarly low rates of downstream testing,
suggesting that the use of the axial scan protocol
was not associated with an increased near-term
repeat testing or resource utilization.

The reduction in radiation dose with prospec-
tively ECG-triggered axial scanning was incremen-
tal to other dose reduction techniques. The mean
DLP in nonobese patients scanned with a tube
potential of 100 kVp was only 160 £ 91 mGy - cm,
which corresponds to an estimated effective dose of
only 2.2 = 1.3 mSv. This finding suggests that the
use of the prospective ECG-triggered axial scan
technique may be effective in comprehensive dose
reduction strategies.

The present study did not compare the diagnostic
accuracy of prospectively ECG-triggered axial with
retrospectively ECG-gated helical scanning. As
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shown previously (6), such a study would require
the enrollment of an unrealistically large number of
patients. However, numerous smaller single-center
studies have studied the diagnostic accuracy of
prospectively ECG-triggered axial scanning (13-
15). A recent meta-analysis included 16 of those
studies, with a total of 960 patients (22). The
average BMI was 26.5 kg/m?, and the average heart
rate was 57.5 beats/min, which are both slightly
higher than in the present study. This meta-analysis
revealed high sensitivity and specificity values of
100% (95% confidence interval: 98% to 100%) and
89% (95% confidence interval: 85% to 92%) in the
per patient analysis, with an average estimated
effective radiation dose of 2.7 mSv (95% confidence
interval: 2.2 to 3.2 mSv) for the prospectively
ECG-triggered axial scan technique.

With the prospectively ECG-triggered axial scan
technique, the minimum duration of radiation ex-
posure is approximately one-half the gantry rotation
time plus the fan angle for single-source CT scan-
ners. This limits visualization of the coronary arter-
ies to a single, pre-specified time point of the
cardiac cycle, usually in mid-diastole. If multiple
phases of the cardiac cycle are needed for the
assessment of the coronary arteries, the duration of
radiation exposure can be prolonged beyond the
required minimum, which is also known as “pad-
ding.” This technique may permit minor retrospec-
tive adjustments of the reconstruction window,
potentially reducing cardiac motion artifacts. How-
ever, a recent multicenter study could not demon-
strate improved image interpretability with “pad-
ding” in patients with low and stable sinus rhythm,
while the radiation exposure was significantly in-
creased (23). As a consequence, current guidelines
recommend keeping the data acquisition window as
short as possible (24). In the present study, the
length of the data acquisition window, which was at
the discretion of the CT imager, was not recorded,
prohibiting us from performing further analyses of
its impact on image quality grading scores.

As pointed out before, it is critically important to
appropriately balance the desire to achieve low
radiation exposures with the likelihood of obtaining
useful diagnostic images. Too little radiation expo-
sure for a given patient during coronary CTA may
result in excessive image noise and unevaluable
coronary arteries, while exuberant radiation expo-
sure may improve aesthetic image quality with
reduced image noise but without gain of additional
diagnostic information. The present study demon-
strates that the use of the prospectively ECG-
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triggered axial scan mode is associated with a
favorable balance in obtaining highly diagnostic
coronary CTA images with sharp arterial contours
and acceptable noise levels, while radiation exposure
1s significantly reduced.

Patient inclusion was limited to patients in stable
sinus rhythm with heart rates lower than 65 beats/
min for single-source and lower than 75 beats/min
for dual-source CT systems because of the higher
temporal resolution of dual-source CT systems.
Pre-specified subgroup analyses did not identify a
deterioration of image quality with the prospec-
tively ECG-triggered axial scan technique in the
small group of patients scanned at higher heart
rates. Although some newer scanner generations
provide scan techniques allowing systolic and dia-
stolic image reconstructions with axial scanning in
patients with higher heart rates, further dedicated
studies are needed to determine the image quality
and diagnostic performance of the prospective
ECG-triggered axial scan technique in patients
with higher heart rates.

This study included patients with low to inter-
mediate risk for having obstructive coronary artery
disease. Although the image quality was also com-
parable between prospectively ECG-triggered axial
and retrospectively ECG-gated helical scans in the
subgroup of patients with suspected coronary artery
disease undergoing additional diagnostic testing
during follow-up, it remains unproven if the present
study’s results can be applied to patients at high risk
for having coronary artery disease or patients with
advanced stages of coronary atherosclerosis. The
majority of CT systems used in this study were
64-slice scanners, and newer scanners with more
detector rows as well as other radiation sparing
techniques have become available. However, the
investigated prospectively ECG-triggered axial scan
protocol is also applicable on these newer scanners.
In fact, current guidelines on radiation dose for
coronary CTA recommend its use for all patients in
stable sinus rhythm with low heart rates, irrespec-
tive of the CT scanner configuration (24).

CONCLUSIONS

The PROTECTION-III study demonstrates that
image quality is maintained when using prospec-
tively ECG-triggered axial scanning in patients
with low and stable heart rates, while at the same
time a 69% reduction in estimated radiation dose is
achieved compared with retrospectively ECG-gated
helical scanning. Consequently, the prospectively

Image Quality and Radiation Exposure With Prospectively ECG-Triggered Axial Scanning for Coronary CT Angiography
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ECG-triggered axial scan technique should be used
for coronary CTA in all patients with low and
stable heart rates, in pursuit of the ultimate goal of
obtaining diagnostic coronary CTA images with
the lowest possible radiation dose.
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Posterior ventricular septal perforation

Sandwich technique via right ventriculotomy using BioGlue
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Abstract We present a case in which the sandwich
technique was successfully applied via right venfriculot-
omy for posterior infarction ventricular septal perforation
2 days after acute posterior myocardial infarction in a
73-year-old male patient. The sealant BioGlue was applied
to the space between the two patches instead of gelatin—
resorcinol-formaldehyde biological glue. The postopera-
tive course was good, and the patient was discharged on
day 24 after surgery with no recognized residual shunt.

Keywords Ventricular septal perforation - Sandwich
technique - Right ventriculotomy - BioGlue

Introduction

Despite improvements in operative technique, surgical
repair of postinfarction ventricular septal perforation (VSP)
continues to have a high mortality rate {1]. Especially,
posterior infarction VSP tends to have a high in-hospital
mortality rate. Several studies have also ideniified postetior
VSP locaiion as a risk factor for high mortality rate due to
difficulties in surgical exposition and repair or due to ele-
vated incidence of right ventricular failure [2].

We performed the sandwich technique via right ven-
triculotomy with BioGlue (CryoLife International Inc.,
Kennesaw, GA, USA) as a sealant between the two patches
for posterior infarction VSP,

R. Higashi (&) - Y. Matsumura - F. Yamaki

Department of Cardiovascular Surgery, Nagano Chuo Hospital,
1570 Nishitsuruga-cho, Tsuruga, Nagano 380-0814, Japan
e-mail: bei_licht_besehen95@yahoo.co.jp
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Case report

A 73-year-old man was admitted to our hospital with
severe chest pain. On admission, he was afebrile and
hemodynamically stable. Electrocardiography on admis-
sion showed ST elevation in leads II, III, aVF, and ST
dropped in lead I, aVL, and V1-5. CPK (2485) and CK-MB
(202) were elevated. A diagnosis of acuie myocardial
infarction (AMI) was made.

Emergency catheterization revealed 100 % occlusion of
the proximal section of the right coronary artery. Throm-
bectomy and stent implantation (Bare metal stent) were
performed by the cardiologists. The patient’s symptoms
disappeared after emergency catheterization,

Systolic murmur (Levine III/VI) was heard in the fourth
intercostal space at the left sternal border 2 days after
catheterization. Echocardiography showed an 8-mm
posterior VSP (Fig. 1). The inotropic drugs dopamine
and dobutamine were initiated, and an intraaortic balloon
pump (IABP) was inserted. The patient’s hemodynamics
improved after insertion of the IABP. Qp/Qs was reduced
from 3.6 to 2.5 (shunt ratio 0.72-0.52). Emergency oper-
ation for VSP was performed 3 days after onset of
symptoms,

Standard total cardiopulmonary bypass and moderate
systemic hypothermia were established with bicaval
drainage and ascending aortic cannulation. A venting tube
was inserted into the left ventricle, Cardiac arrest was
obtained by antegrade cardicplegia. The right ventricular
posterior wall was largely infarcted. We approached the
lesion via right ventriculotomy of the posterior acute
marginal branch within the infracted area. The site of
perforation was identified at the mid-portion of the inter-
ventricular septum (2 cm x 2 cm) (Fig. 2). The interven-
tricular sepium was also largely infarcted. We prepared one

EFHRmEER Vol 6



Paosterior ventricular septal perforation

Fig. 1 Echocardiography indicated shunting from the left to right
veniricle. RV right ventricle, LV left ventricle

Fig. 2 Right ventriculotomy was performed on the posterior acute
marginal branch. We obtained a good operative view compared to left
veniriculotomy, The site of perforation was identified at the mid-
portion of the interventricular seprum (2 em x 2 cm}

left ventricular patch (L-patch) and one right ventricular
patch (R-patch) using an equine pericardial patch and a
Hemashield patch, respectively. Both paiches were circu-
lar, 5 cm in diameter, and covered the defect. The L-patch
was attached to the left ventricular septum with interrupted
pledget-supported 3-0 polypropylene mattress sutures
through the VSP hole from the left ventricle to the right
ventricle. The posterior side of the patch was sutured once
out of the free wall side, and then sutured on the ventricular
side. It was necessary to anchor the sutures on a Teflon felt
pledget applied to the epicardial surface. Afier suturing of
the R-patch, all the maitress sutures were tied gently.
BioGlue was densely applied to fill the space between the
L-patch and R-patch (Fig. 3). The right ventriculotomy
was closed simply over two strips of Teflon felt. Cardio-
pulmonary bypass was terminated without ditficulty
and no residual shunt was detected on transesophageal
echocardiography.
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Fig. 3 BioGlue was then injected into the space between the two
palches. LV left ventricle, RV right ventricle, L-patch left ventricular
patch. R-pearcl right ventricular patch

IABP was maintained for 3 days to reduce the ieft ven-
tricular pressure. The postoperative course was uneventful
and the patient was discharged on day 24 after surgery.

Discussion

V5P is a severe mechanical complication of AMI, usually
resulting in death unless surgical repair is performed.
Cooley and assocciates [3] performed the first surgical
repair of VSP, Many methods have since been developed o
repair VSP to prevent residual shunt and to improve left
ventricular function [4].

Posterior VSP has traditionally been associated with
increased operative mortality rates. Komeda and David [5]
suggested an infarct exclusion technique without removal
of the infarct ventricular muscle. [n this procedure, how-
ever, the mortality rate of the posierior VSP group was
significantly higher than that of the anterior VSP group [2].

The sandwich technique was proposed by [soda et al. [6].
The same technique is generally called the double patch
technigue in countries other than Japan [7-9). On the other
hand, modification of Komeda’s exclusion technique adding
direct patch and glue has also been referred to as the double
patch technigue resulting in confusion in terminology.

There was no significant difference in operative mor-
tality rate according to the location of VSP in cases using
these techniques [10]. Furthermore, some studies assessed
the effectiveness of right atrial or ventricular appreaches in
posierior V5P [6, 11, 12].

We performed the sandwich technigue for posterior VSP
via right ventriculotomy according to the method of Isoda
et al. because of the ease of controlling bleeding and
obtaining a good operative view compared to left ventric-
ulotomy. In posterior VSP, right ventricular function is an
important risk factor for in-hospital mortality [10]. In the

41



WA Ak

Fig. 4 Computed tomography on postoperative day 11 showed that
BioGlue united the ventricular septa and two patches in the same way
as GRF gloe

present case, right ventriculotomy of the posterior acute
marginal branch within the infarct area allowed removal of
the infarcted myocardium, and good postioperative right
ventricular function was, therefore, obtained,

With regard to the patch on the posterior wall, Asai et al,
[13] sutured and tied on the free wall side from leff and right
ventricles using separate thread. We used a single thread
through the free wall and tied inside of right ventricle.

In general, equine pericardial and Dacron patches are
used for both left and right ventricles. In this study, we
used a Hemashield patch for the right ventricular side,
which would provide greater strength. A flexible equine
pericardial paich was used on the left ventricular side, as
the patch must be inserted through the VSP into the left
ventricle.

The sandwich technique is generally performed using
gelatin—resorcinol-formaldehyde (GRF} glue (Pharmacie
Centrale, CHU Hdpital Henri Mondor, Créteil, France) [6—
9]. However, as GRF glue has been suggested to be a risk
factor for possible toxicity, we used new biochemical giue,
BioGlue, which has recently become available in Japan.

BioGlue has widened the field of surgical adhesives for
cardiac surgeons in several countries [14]. We used Bio-
Glue for the sandwich technique in the same manner as
GRF glue as a sealant between the two patches to prevent
early patch dehiscence and subsequent recurrence of VSP.

BioGlue is now covered by Japanese public health
insurance only when used for aortic dissection. We used
BioGlue for VSP although it is not covered by health
msurance as it has been used successfully for VSP in
several other countries [14]. Postoperative Computed

Tomography showed that BioGlue united the ventricular
septa in the same way as GRF glue (Fig. 4).

In conclusion, we performed (1) the sandwich technique
via (2) right ventriculotomy (3) using BioGlue instead of
GRF glue at the posterior VSP. This technique can be
considered an effective means of acute-phase closure of
V5P,
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TETWS

X P AL

“M,\a/ aT%

M4D57v— WTBEREDOY 777 VOURNT
ETWEIOBGIIHLT [TETWD] 13%, &
LHELVERV]3T% [TETVEV] 0% THD
TETWhVWERAYE LT MEEgEEt (T, PT)
WEIEENIZoTLES ) [EERELLTED
LB EHNTEDPLILRV] REOBRRTHo
2o 35 EOLA3 LRI ENBRITERTED>POM
WL T =27 bbb T)NASy 7018
ENH5) [BEAPHZ]) 2 YOBERPH o7

VI, & B

(s 7]

Ty —rOFHOIEEY A TORAOEEE LT
AFEEEDTEHE EDTORAFML LT EEEL
DR TEOS LOEBTH-7 i 7Y —)
ROBEATRBLLTVWLDTH S EEEL D3 E
BOHAETHo DO ENE, TEAAY b -
FFTF L OEERTE T A CIEROIKE & 188
LIt »iHRELTALENH L. &I HPE
BHEAOCAR—AFEL L THENFRTLOBND
REIBIBTETLAA Y ILRT WD LB EE
A, 3 BINREP 70 ba—-A0fRIIZLY
DENOBECLLARBO L L TOORES 7 AT HIC
Y, LE X D EENRORyTHARBETEZ LI
Bof]l EBXTwS, BE, OEFr7O7a ba—
MIRd FEMOBETr 779 v 2 M ELTWwAZ
LHE v, SR, Tuba—NvEHBRLErT I —
M2 &L L EHERTNATELLER
5.

[ EBhrik]

6BILL LD A F v 7 PRBANIEM I REE O
MTETWAHEEELA Lil, EFEEosr77
FUDURFETECVDLEELORE2HD 1EIT
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WA 73 — b O ABEORM~7 ¥ - FMEC L OB AER O, T S~

ICU LW H BB TERRRHEITRELBE LS
CHBAMBERINB I EAS . L L, HERY |
(BB SRR R B RO & IHETH PR MEE

IBOTULERT R EROTFRETSHS. LiL,

SHLOFHICIE (W) BEALRA Y IPHY. K
R A TEFOBRIEERNS L. | LABTY
5. B, SEHEEICBVTPTILER TSI EH
S, PT il o a7V AH I BEEHRERAE
BHENEEWIERMEHL L) ICHHITORErL D
B A SO AB VL. THEHR 777 Y OME
LML TIEMRTH S PT ORFIIFH S 2 L THE
MHsOAABEE TV OTRAVHEERX L. X
Pr. WA F [EPFEFERT 2 I0H9 AR
MR o ORE 5E 2 LB WO BB b EHEIY, OF
%) BHEOBE. EHE YA Z oW TR LIk

BTHRERAHTIIENERTH D] LBRTHL,

BIE, WLy 7Hh 77 Ly AEHEHOATITT
VE. A BEMAY TR PT LR LA

2013

TEAZFTY— MIRELTARSENSSL. FNIZL
h, PTEREREFL, BHECEDELFrTTII Y
TN BETELY Ty —MIRBEELL.

VI, # R

1) Er7ORBE, HPEEFEALANR-A%
Ven., Fi, 7O b a—aEEGEREL CBIES
i TEAFT Y- MIAETOHESH L.

2) EWEFEOEBR, PT LR EREERETSE
257 y—MIRELTLLEND S,

X, 51H - 2FXM

1) FI- FHedEdr (100l VOL38 NO P24
2012

2) A WS T [FECDY L BN
ZFE] VOL8 NO2 P39 2010

3) Wk WOy T (S EOFE DY & T
VOL& NOS P3 2010
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R PRMBIER, 652~ 54, 2013

FiMezT 5 BEORBEDE
~WPT Y — b RERL T~

M BV
1) REFh IR B T2 E ST

BE - BEENLCERTH L FHEORR - BHICHVT, BB 25 R EY AU EEAATESZ0NEE 1
RENDT o —MZE ). REOBCICESRLTH L. FREFMOBNCETARATTIELS (v
TWB I EPGrols. iz, SI%OREFEHOETRELH 0 AV EEELTHY, HhoBEEtorER
BRLHERo7 LAL, STRORERM) 2 2V EAE SN L, FRRLICIRROES . 554

ZTRELEE T 2 LENDH LI Edbhat,

Key words : RIEOR LR By, Fiko o — X, #dhzkE

Hif - BRe  RPUEAIRRS (2013/3/1:45), HOMEEEHABHERES (2013/3/80K) TRHEL /.

(3 C &ic

AMTRFHENICEEFECZEHNLY, FILE
PREBAICICY, BRLESE, REEHd Y, T4
EEEM LI COBEMT A RED RS v 7HHAY
ThH. FILIRPTREN, R¥ v 728 LR
HEETLEMTShaZ bbb, WHGIE [F4
PR T A R BB FARICEONAR SR LTy
B2, MENLZBENASFLETHS J1EBT
Vo MEEShAZERTHEFRETHEbRATVS
B - RM/D S ZF, Mpi S doBHIEMHgTs
NN T A RBEOTEOBRAMIZER LD TR RW
PeBof FAREOFRLZEVZML L CRE
Do—ZX%MY, BENATEDLOTIREE L

SEATMA TR, RIEOTREBIH NN OFIE
BHBLVDRTWE, 22T, FEOEVIZESY
BTHH LD THET 5.

b1 -3

1. BI%EHiR : 20124:11~128

2. WREEMER ¢ AR - BB E - BEARTER
ERILBEORE

3. WHEdiE  BIEOT7 o —F 6 HE R ER L7
1 7rr—FAEDERE, BENFAZL TGN
b 1Bl % BRICFHEFEMHAIT L - 72

2) Tro— MAENREZ ETRE»S0MHER
ZUHHIBECT LI 2B E T 55, —#izw

52

ARETLI VI EE L

3} Trr—MAKCREL-BELHBE LSS
LAIUL, Ty MNEBEREL, 15~2052 EIY
b2fT =72,

¥ g

6P D E S % 572, BHRI TR AR 24, 0 i A
H120, BEEANBIOFATH - 7.

L) (R B 6 OFB & Fi b Icon T [
721818 (90%) T e v 145 A (10%) Td - 72
2) TRHELEOHEM] io2wTid TREE] 174 (=
34, FE), [F] 29238, ErF—HIELL:
F2& [FOE] R4E, H T ), fEx
& (i), BRI o

3} TEF) 2o TiE, 202087324, 4082°9 4,
S50M2%104, 60fEA%14%, TORA11ETH- 7.

4) [BERIZTFEFFNEZTON, Ho7- KBNS
DETh] ORI TH 2] 234% (74%), v
#2108 (22%) Thor=. 24 (4%) EFHTH -7,
5) Rz T TVAREFIIDWT, bhD4&DR
Fhid] LOpv EEL) ¢ TR IIERCE
ATOBDLDON]) P72% ERLEL, KT [FHsE
TR BHE S 2ID5E2%. [FHHOZ L | H48% (£
FRBEBHES Twdvd] 2339%, [FHIEE-
7o) [WHEHIFRELR o @b ] H3351233%.
HFICRIZBE 2 ] H328%, [REED HSEED 2 0P )
H26%., [FHRPEDEEITEDL B hsDd]
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FiliEET2

$924%, TFEMBIZA - TH SRR, H5 F TOR
FlE S Eolz0h] 5520%, (ML EFEXONRVI[E
O] 232 % THAHREETH-72. (H1)
6) TEHOEFRIIZOVTHID 72 WERSI R LD
BT, [H1 D 72 ] H928% (61%) T8I0 72K 2w
178 (37%) Thot:, Lbblbihnitlsb
(2%) Thotz. (KW2) [HH7w] LEESINTH
284 (61%) T, |—""(D=t AhF A I TRIEEMN
D7=nEES 2] oy (BREE) T, [ FHF
Wbl 23 ] H518% /284 (64%), [REVH -
7MW | A%154, (54%), [FEORERMASEE7-H] 4711
% (39%), [Fippsa s hizgl 258 % (29%), [
B SRS 7-E ] 64 21%), [Fof] 2514
{ﬂérﬁﬂﬁﬁﬁﬂt@M‘%f%okJEBNﬂ

D7z ] EEGE SR FOME (BERE) THE,

TEEM, EMASy 72EELTWA] 27100%, [HK
MEH->72Z L TARICR D0 Litkv] 2%41%,

[HEFREEBCTD LA SRV A% THo 7.

0 5 101520253035

FTEFRUE
WEEIRIE S <A o RON |
MBETORFEESD |
SilfREEo | .
ERICEATNET |
EIRDIHESY |
FEETETEOLEL |
EETEEIRE TNEND |
B SEDBON |
Fiff@OTE |
EeEAsnE |

Zoita |

M1 foTwsREORRES

M2 Flro#ETRRICOWTRaD 2w

0 10 20

RED DD o EE
FHRIBENIEE
FiAENVZIORIE
REMD SEEDIZIE
FREOEBESZE
EENHoEE
Zmit

3 r0r43rsTR)iu

2013

BEOFHEOB~Hih T 4y — b EERL T~

£ =

LA OMETIZEMAS OFB, B, FL Fir
wiEo RBOAE, B, AT TR IR
B L THEOR#MEIEA LN R o7

FRixfoTWAREOAFD L LTI, [FHi3
NEFRIZHEA TV B OH ], [FlisEFED LN L9 %]
LOREICEEU EH o BT AHE IOV
TRPHEETHY, O L HEEL, KEHIME
FTARBIZHRTEM ORI T 2HATIALES
CHNT WA I D TDolz. —F, BHICARKIZEL
HWERELEFHI3ELBY, £ H10%IE ML
DEFHBLEBIREIN TV, [AZRIELARW] &H
KLoob, MLAOERELEMELTWEOE, &
ZORBRLEFRLE ) ZEOBWPADLN TS L
Zibhb.

[FHITIER IS EA TV D OH ] [FHRPERRDS
HEIh] LI RELZEBRINIEEIL NI L
M6, TR OSETIRIC B3 2 D F
EAIM L > TRBEOA LRI EZEZONS.

FERILC B L TIE, 61% DA TE { ORED
HOBERIRLEZEATEY, BVR=—X0HBHI LA
birot, Mblnwy 43I r7E LT [FldHDY

3Rt [BREND - 28] 2EIRL FKEFFR
PLEwz. —7, 37%OHETETRREMY 2<%
WEDRIERHD, FOHBEELT [RELMo7
ZLETARRIIEANL LAV LEESAKE
AA1% I, EESIE [HBE, FEOBEIEZERL
AR EI AR SNB 2L RRTVWAEI ERDL D,
IS O ERRLHL oW T, FEO=— X%l
BT LHALETH), FREFRORECEDEL
AAPUBETHDLEEZ L.

EE S [HIPEIREAICEE R L&, Tlam
2T F—H DA v N—Th 5 EN & FEMA LD
WHPEELZFTAN, BLAVEEEZERTVS
S ETHBH, WMPHHIEF—LAELTERBLTWLD
DEV)BABEFOZLHPLETHL P LT
5. RihofFEdRitoEii, FMrEFEMmOYIE T
Yo b 0TI ARV, HHRIREAERPTADS A 3
VIR EFEEO=— A FIBRL, R - REE LR L
O, FHEE RGOS TRE A 2EEIZR
HLERL TV LEYNH 5.
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O] [FHPIEERDIIES D] OFREL 518
FRATEG L v,

2) B1%DRBAFEMOBITIRINEFWY 22 EEEL
TEY, WivOEREBROLEEIH O E 2o 7e,
LaL, 7%DOFHZMY - v EgEshio &
POERRECEIRECEE - ERE2ERLHE TS
PEHMH L.

X 73

1. EET - FIUEEF - BN FikEcEd 3
BOFMEREMOER—M P 4B L T—54]

54

B

B HABEFERLE (BLRE) P63 2010

2. EBEEF - NHHAET - REZ  HFEAETEHRT
ZRFOBERENO DD O —FEERD 12O
HEARIE KL T —

FBREAEERE P49~54 2000

3. EFANF - BHETF  #iPSMOREELME
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EWhdumbiERL 655 ~ 56, 2013

NPS il & & f\v 7= CT O PEreaHii

E i

rm s B K
FE g b

JIAPRTFEE
TSR

BECTHEBIEIAERO CTEBILURFELL. HERRELEMLRET S22, SO CT REOTERE

L, MMTLIEHERTHE.

Lk ) 4 XEEPER S 5 NPS 12 H L TEREfT- 72,

Key words : CT NPS PEigaFifi

CIi - 36K & REANY AV CT MikE  H11R CT HMFERRE TRERLL.

3 U &I

CT WA X BRI EZ W B W TEELMVEILDH
D, 4 OBEICBWTIEENS CT HRALEL
T AW, AR B - BIFEOTEHICL T,
BOTERMBERLAAUNREBIITTHS. Ll
FNH0% TR R PRI X > TR, 74
VE B, A4 AR, EREEDFHFERLGRT

WA EZAHHY, BEFMOMKRIT, REOREL,

BRI OtrFR L, FEIZE BB RN E 5
P& (0

ZFZTEHEOEBTIEEOWEIRRD T D NPS
(noise power spectral) (235 H L TEBZ{T-72.

NPS i3 7 £ AFERFE§ A28 E LTHw 51
. NPS 3Kz 7—) =&ML THLN, W
BRIV FORESLKELZ D S DT ARG
EThy, —HMICIZ/I A XHFE oL BV,
NPS ZEFAOMTOATH LD L, HRE{HRIE
PR LIERROEVICE > T/ 4 ZORERR
RAERLZ D0, 07— T ERIZL > THRER
K BRSO ET A Z LT/ A X & B
FTAHIENTREE S, NPS 7 7 7 Ofitii NPS &
fili, Mo IR D,

;] &
BWE STk 7 7 v P AE SETOHRE LERT
e L7z,
FOW|ELZERNICEREAY v FEREOTORE
LCFa 77 A vEREL.
B L7707 74 vE MLy FBIEL, 7—Yx

2013

Z|LTKRONXICL > T NPSEZRH L.

o 412120kV, 200mAs (effective mAs), H—
F—3a ¥4 uld05s, IV A= 3 264x0625,
FOV 12200mn, kernel i& B, Pitch (20641, #&s+1
AL, E—ANn—FZyZHi1E7 1+ V¥ (Adaptive
Filter) X Off 2L 7.

ZOEMFEL LICKRO L) IZERIEEELL.
ZEH L mAs fifi £ 100, 200, 300,

HEE KV 1 80, 100, 120. 140

Yo F 10641, 0798, 1.015, 1.203
PR AT A AE mm: 1, 3, b

F— F VX EHEI A — 3 Smooth (BLF A),
Standard (BLF B), Sharp (BT C), Wi¥FH 4 —F
WV Lung (BLF YA), € H % — 3 Detail (LLF YB)
2% 5.

& ES

mAs{ll 0 I k1= L HNPS{li O HE &

—100mAs

—— 200mAs

NPS Valure[mm]

—=300mAs
—5 E R T (100mas)
—5 EMIB RT3 (200mAs)
—5 BRI ET S (300mAs)

as or a8
220 1 B [cyele /mm]

M1 mAsfEOZEILIZLS NPSE

55



EREDELICLDNPSIO

——80kv

——100kv

— 120k

- 140kv

—5 EMIBIEY (s0ky)
—5 A EN T4 (100ky)
—5 BRSBTS (120k)
— R 140k

NPS Valure[mmni]

oY o1

W Beyclefmm]

09 11" 13

B2 BEEOEIZL S NPS#E

BMAERSAAEOTIEIZEBNPSE O B

NPS Valure[mm]

ol %] a os 1 13

1 01
T2 Pl 8 2 Bt [cycle/mm]

B4 FBHEAS A AEOEIIZELS NPSHE

PitchBE 1L (Pitch® H ML 16 012 & HNPSTH D LB

—0.641

——0.798
— 1015

—1.203

—5 BLHEEA T (0.641)
—s EMBET4Y (0.798)
—s BMBE T (1.015)
—5 EMER T (1.202)

NPS Valure[mmnd]

o1 (] a5 o 2] 13

22 i 8 ¥ [eyele/mm]

Kernel® BE4E1Z & SNPS{ill o) L

NP5 Valure[mmi]

e 0¥ a

L] 1" i3

5 ot
221 /A # M [cycle/mm]

X3 Pitch Z{kiz X % NPS fE

mAs % 2L E872 & & 3 KEEKER TIE mAs
EAEVIZE NPS AR L 2o Tz, BRIE RS
CEBEEMBEMRIZY 7 M5 BIZE mAs D NPS
fEIZPORL, % mAs{ED NPSEIZEIZALNLE Do
7= (B1)
BELEEZZEMSELLOTIREDORUEHEETLE
BEAKREWVIZENPS MR o T/ (H2)
effective mAs DF)RIZ L ) PITCH #£{b 387272
\J72L % PITCH T® NPS fEOE IR 6N h o
7e. (®3)
ATAAEREASELLIDOTIRRAT A AEH
Imm & 3mm & E2EREZB0LD S 3mm & 5mm
ERIERI2SDDFHANPS HOEN N o T
REEBEBRIZY 7 VT 5138825 4 AED NPS
EIPERLTwA. (H4)
A—FNEELSELLOTIEA B, CORET
XA B COIHTNPSEAMET LAz E L7
YA, YB & ORETIIEEEBELR (1152 E)

56

5 Kernel ®Z4kiZ kA NPS i

TYADNPSEAEL RoTwiz (H5)
£z =

mAs EAE WIZENPS AL o T b DT
mAsEA EAA Z & T X S Ic8E T 5673
WLl helilEZONE,

TR/ AXOBBIRORNTEL, TOTEIZLY
IAZXDBEIXBEEOFFBIZKEAT S, #HE
OTEmMASTHO NPSEDENHETIE L h o710
BCOXOBET/ 4 XIZBBEEOV— P Ltk s
NEnwZediEzohsb,

EREEFR 25 XBBMEFMEML, RBHC
FETLIHTHAWAL DR EEZ NS,

BEOIZBVWTEY I 7IZBVERLONEVDITY
e CT @ effective mAs DIEFEIZ X b & @ Pitch T
LERD ) A ZVARUHEIT LD L9 IR Z Y
L7choiilEZzON5.
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EFrhduElER. 657 ~ 59, 2013

i 2 SEE L7z ABHR D 1§l

LY
1) By b

g Y

W AR B

B AR SN AR, WIMASLE L ko7 AB MALERZ L7, Ybi~ =2 7 VIZHE LI
B 0 AR % B4R L I/ MG AT AL 72, MR S 72 (2 (R BRIl AT b7z 2%, B & 2 i BT
(2E b Ao 7o, AB RS X fE5E L - RAEORE & T oMz b L LR E MG 5.

Key words : Ik, WA, #LEE

2 U &I

W% TS Baicid, ZMETH S EHFMBEEOR
EMNWEE D, ABO MiEH & Rho (D) M
mAESIA, B, mEEEEcBCTHELRAZ
Liddhungs, i, ik e S & A0 E
Bhb FO—FERELT, @ (ERE) OFEDS
MeuhTwa, #REIE ABO, Rho (D) O I
4 5755 Rho (D) HEO¥4E1:, Rho (D) B
MA@ B -OMEERL I EIEZL V. LAL,
ABO Mg R ARIMERIE (B TRE) XN oIS
S L 72 BHI B9 Ze Bk AT I e L (9 HEAER),
MHZO—E % b - TMEB S REREENL. R
Bk ko el RREHOZORA 2B
ERVEE LD, BASNOBREMREILEE 2556
LbdHa, FO72H, RN R MERIE $ TICRIFH
RETLHAELHY, FIIRRBMOGEICHEL R
5.

Lo, WP THEBRLZ, MRS RATEES NS
M ALEE L2 AIB3IRO—FEFERLAOT
WG 5.

iE il

FEM : 30mRE LM
FFR A, EE, IR
BLAERE © 7L 3 — VRfEHE, 7o —uiEarkiEds

BsE  fiH LV EARZEKL, BH, EEHE

KB OWEM: A5 E & - 7. W& S Y BFI T
%L oo BB, MEIEIZIE, LMEILRE

T o 72 ANEY] 2 AL ST L ADERA L. X OR,

fibh - BEE US, MIEE CT 12T, BKEE k-

2013

P EIERE S & B S U H IS ABE L Ze o7z
ABRREBLRE © RIS 5 b Ok, BEFLIEBORHE
Tho W ELEEZRDT

ABREHREMR

TP5.2g/dl ALB3.2 g/dl GOT5171U/1 GPT127 TU/1
AL-P550 TU/1 »-GTP578 TU/1 LDH902 TU/1
CPK302 IU/l TBill.5mg/dl TC 605 mg/dl TG4860
mg/dl

Nal23mEq/l K64 mEq/1 CI80 mEq/1 AMY589 TU/1
CRP0.44 mg/dl

WBC31070/ ul RBC329x10~4/ ulHGB12.6g/
dIHCT38.2% PLT17.0%10~4 / ul

PT54% APTT118.7sec Fbgl20.5mg/dl

AT M64.3% FDP40 u g/ml DD0.8 u g/ml

mMiRER R

MTS (Micro Typing System) 12 X A I ifd B
HOKRE% Figl 1277, Rho (D) MEMIZHEYET
Hotzht, ABO MEMiIZBLTAR, 55 ABAELE
ELTH) bA—HThol. £D7z%, Tube L
LEMAERITo . (Tablel) MTS % Tid B HUE A
MM TE o8, Tube ETREIGIZHHOD
BHEORBEEZMALL. T2 HALLZFY,

! B o] ot
\ :: U
-
PRI = S - =

B 1 MTS I & 5 iiiE i



- B

Table 1 (Tube 42 & 2 MM FA)

MmA B Almzk | BifiEk
4+ 2+ 0 0

HVY 2 FreDORIEHERB. (Table2) Th s niF
R b BRFEEBOWE LA ABEMRE LN, BAFK
TEMBE S IIEERKBELL. FOBE B
WRERB, T/ 20—FAHB CREDY o)
DI3EFERMTORIGITEEERD SN L d o 7% MmEK
@ mixed field agglutination (EF58EE  BEL 7258

M5k & FEEeSR OMRMIRAWTE L 2 4REE) o e,

(Table3) LB #AV-HREZMiL, BsE, <
J70a, AHEROETT, EENBEIEELETLT
BY, BRBEORBBNHEL,»TH 72, (Tabled) F
7:. MiEFD transferase 13 A BoAMmM 24, BH
BRRE SN Lh oo, EEFRICA B HMETH
M EFBRE SN 56, ABEROALIBS &
Hashs L&k JNCTRETARBENBZAB
FREL TR (Tabled) T &35, Wi 2
Wy 2MWERA & UCid, Rk ABR, miF, mh
WABBIPZETHD LWL

Table 2 (Lectin & O EIG)
MALLVZF> [ HiHL >+

4+ 4+

Table 3 {(#HMEkE EBEHROEIE)

oIk /ge Rl A#E/20 |BHET/ 4D
LA 4+ 4+ 4+
B mif* mf* mf*

‘mf {mixed field) : 58K

Table 4 (FAIAMEIZH T 2 RIOEIA B WiFHEEM)
Bhpsess ®/r0O LN:: |2
BEm 16f% 1645 4 &

B ZI% g 1281& 512& 12845

Table 5 (MFEEBLIRIEA DREED)

AlmER | A2M3 | Bk O Jinzk
22 0 0 0 0
37T 0 0 0 0
IAT* ¢ 0 0 0

“IAT (Indirect Antiglobulin Test) : B#EHi 7 07 & 5Bk

58

o 3

ABetz S ERBYRE DT 25 THIRIC X b [UE 2 445
ENTwid, REVWA L /2729 CHDF Bk %
7z ARBHCRIMERABIFITRD Lo,
MAMRIOBA DI % 1T o 72, oS TI, niER
FEEIZIRE 2 Twhdhooht, YKo 2T LICH
WERFIRICI AL, MBAYE kv ABE & RN
L7z, BEIZORIRMMLE 0B E8I LA K
WAL 3HBICMERA AIB3 R ENSD, 5
AROY I EARER 215 B Wl L Az R A R
BIRTAEMPETH2 ABREFHETLILHTE
7o TORBIE, BMICH LR mEEH AT X h
72, B RES B S R BRI ERIE S b
ol FTOH ERWREFREL 70 EELE
TOZRBEL o7,

% =

FEFOMBEBEICB VT, BIHENMTS ER
. Tube B TRBULELRAER L7 ZORE
HELT, ZREFNOBEICH RIS TN EE
BHifAD s 0— VR 5L imA, HEEEDE
VR ERORLERSEEL TR L0 EEN SR
7=

MTS BB LRICBTHEMICER SR TW5
BT, ERLHES b, BEhoREERTVA
WM EBNWTERINTWAFETHSL. L
MM, Tube IRICTEBS T E LD, MTS
HEOMRIL L VREOERD SHERNE T CABLS
., MEOETLL ABNL P S 7L OB L,
KERHZREEFRLLTER LAL SHBRL
ZERADE S RERGERL2BE12E, Tube it
TOWEVBLRTCHS. T, HRHECLELIEE
TEMN A BT 5 ol BlSRTHEALT
WEFRY NOMSEETICEBLERS S I AT
BETHL. VY

i, HEACBWIAHEROBEEIZH002% & SH
NTENY, ToL)REFMCEBRT S -EBTIES
BN, SEOEFID & 5 120 R P E B i s
EaEEELTHICEESRS, TableblizFd LS
2, MERRM/NEOBEICRERE 22 2 kidbhn
ARMIRPA OB S X, 37CTRIST 2 AHEAA %
WAL MBEZRETHIAEHICL VBRT 2R
BRLRBD, T, BERTIyL o4 2%8B4LT
Wl =2 7N FCHELTBL I ENEETH B,
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il A LFE L L7z ABHMO 1 #

i B 28 ak
MEREFE OWMMBRETRE LR E Lo 5 EITE, 1) HARERREARMS BWilREoEBRUES 3 W
AR IZEEZEHZ T, &) Rehmig A 2 iRat s (14-47,70-73)
A EDMEHMOEELRERTH . 2) EWHEMR A¥ ¥ — FmMET A ME2
hit (53-68)
3)

Table 6  HWOLIZHIG L7 MGERE O 537 (LR + 5t >~ 2 — HP L H51H)
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