[SEN 2185-0143

REEEERBEES

R RIFARE=S

Nagano Chuo Hospital




20124 e NI ¥ o 2 R 0 BN AR A4S LRl (Hhie)

—0S (REEHEE) S ESHOEE— 1T -
RIFFIE#HT. &AM 2T # #£F
i WR AT 8 W L
wmAMT, B FT
FE B WHESE

B 7 — b OB DT
~Frhr— FRAECEOBESETEDITT B~ WAL i
EWEFT B BBORBOR ~HHT Vo — FRERL T~ oo, A
NPSHBIE S s OT @8EFETEIR  crrvrrrerrerr i st F. R -]
T fEE BRI
A IR LA AR MG ] e WHITHET. S0 Ch
HMER MO8 btk d o B REEE MATD LEEB e WOk SR
FAHLEF, ElP W
4 BRI Y 201 LAERE D) & & ~365 A RHIZ FIAE LT v, 2 [ B
412 45 B I B T B 07 8 0 LM £ B e oo T
LREFEEY A EY F—a YRR ERETAN - BRLCEERO T LH e FOROMOE
A s BT
RE#R W3 jbE 0E
ST F I T BHE = b LHEIET 70— etk B, Bm EE
TR el B T T ol 2@ R e =
BH =, dul — AE EE
WEIZEIT A MESHE R OTL N BHA T o b T e FI / O
fH B BE F
ATHEES VELA FI 22 BOX R#H LT oo, e S
AL R AR B
o e T T - e e B oE o=

R, HE AL,
#, AETE M

B RE

46

49

]

63

7l

73

78

30



FERFM T P73 F—=3 A (DKA) O LG

MEHE K 15~20 mi/kg/BFTIEAT 2 (K
HEENT 1~15 /). HEEE TRLOP2ICHER
LT 500 mi/RFIREEA O s+ 5. ol Bf < Wil
A GEORE, BRELAL, REIZLD
# F Na (i B i 47400 mg/dl £ T 132 Na'oe
(mEq/l}= £ #l Na" (mEa/) +16- [glucose -
150/100], I #2400 me/d Bl L TH L
Na“wr(mEq/l) = % #ll Na " (mEq/!) +4.0- [glu-
cose~ 150/100]) ALFEM LML & [ L IEETE
MR A A ST 5, FIE Na X 50 BEH
LTwaAH412045% NaCl & (MFEEE 0K
T3 mOsm/kegH:0/B A LV X A ITHEEL
A6 ) 500 mi~1 /EEFRETHAT S, BhREEE
RN T T, B KEH &7 auid 2030
mEq/l DK & FALZERE, BFIFILEL TH
[REHNATEL T THRT S, Wty
FIMATEEE = 7)) v 7 (MEDLHE), RED
BE (4 7y b33 R), BRREIZE-T
HIEE+ 5. fep)o 24 By LI THEE S iR
DAN G GHEOFEORANOE S, DKA Tl
S5IEEE) # Wi THIET 5. L BHEEEEZS
HEEERERE TEMFREEDE=Y ) ¥
EAREI DL, B, REARE OS2 T EE B D
OB F T 2L L HAEET L.

DEATRTY MY F—Y ALV BMBDIES
DR IS4, M 250 me/dl LT &% b
DI 6B, pHAY7.3, HCO: A% 18 mmol/1 EA
LEHREZoIcHIZEHEEESTE Y. WEAT 200

mg/Ad T Eho7zb, 5% 7 Folilnkt LT,

b MEPRESNATITA RN BESER
it 5.

2) 1A Rk

DEA @QBETIELF29—4 » A »O 5

A, HAHGIEHEHEOE TSV LBEE.

DKA O MEfER HEABTEA ¥ A1) 12k s
W— bW AL HTERNE S b,
AL, REFESTHAZ Eh b ERETIE
FLWwY RATIREK@mE (K>33mEq/)
Thirtud, 01 U/ke-BWE T3 8EL, 01

2013

U/kg/FFOfFmeHTER I T E LS, &R
B 6] & AR5 B T 014U kg/ B O i deid
HEETAE K- 253 FELsRTY
%

B 1 FEE T 50~75 mg/d! MAFAET L%
FiuE, BEOMMETFAEeNLETS ¥ 2
PIEARS IRE I CMET S, M DKA
T20mg/dl T CEPF LGS YA VEAE
0.02~0.05 U/kg/Br B L, 5% 7 Fodliz &AL
ST 5, MEEA250mg/dlBELE LT
oo A0 SR ET FORSEE, L
AT 150~200 mg/dl IZHMEFFTE A5 & 5 ICRETT
B,

BHERIA 220 oA TEHNZLF 2
F—A4 YA v OfFEEOR L ARERE &
A, BERLPEEODKAIZEITAFEICU
BB A 1~2BEI o il >~ 2]
¥ TR, ICU TodrEeikiE & MEoaa
PREMEETAIESARENTVE W, A8
L, M4 DKA, fRiiE, 45iEii, W 400
PO @ B AL ICU TR &
ThH Y

3) AUDL (K)

EHOKRZIZbhb Y, EE,LhE
BEO®RKMEIXDEAHAS T Tid vy,
£ A R TYF—AO®EIE, REEH
FiEMmis K4l 52 a0 T, EKMELF
B9 A7:812, K 50~52mEq/l @ IEH L
S bET A RIEEEHER L) A TKHEY
MiET A, —HeR 213 20~30 mEg/l DK &
B TA~SmE/IDIEEHOK 2HFETE L.
FNIZDKA OBETERLRBEKMEDFISH S,
FOHeE, ETFKE2AmEIBRIEEAT LE
TaEREL, K233 mEqgl kLT oA
WA A RS L KRS AEMIET A Zh
AR, OB, BREGREESTL220TH
i

11



Ao - A

4) EhlRiE

EiREEOMMIZEERY D L, Bk
pH 7B EOBFETIE, 4 ¥ A a5 -
WEBEIRIEER R IR L, HordEiETHTOE
MR AR ETERIREZ U E L T ¥ A >4
e+ 40T, HBEBRESLLTHAHTE
Ty F—YALWET S, EREOAEET Y F—
AT OEGROET. B, SE &
EoOEEELE L &4, pHA69~71 @ DKA
BT AEMELEm S AT REREHYS THE

e iR d, MRMHRIZ S T0b X U HRERE.

miEsr b7 ¥ F—=3 ZADOWBIZHPTEDO Lo
2 G LA K iEOE, S mER D
AAHOLT, WIEM, ERAPHMET > F—2
ADOEEL LT EOMELHL W,

pII<69 THD DKA 282 B BEIES Y0 e
fEdpain & SEBROWRE TV, BELRT Y F—
YAEMER~NDOEREEIFRKE WD, pH<HI
@O A DKA T2 8 &8 Na 100 mmol # 400 m!
AEATHBL, 20mEq@ K =MA T 2T
TEAL, pH>TO L 2B £ T2 L 128 K
ShEAERsNE (F2). bhAETHEIEN
Z 7% A ATy 250 mi (2136 X F 200 mmol @
BN EENS,

5 U~

DEKATOHO2E50Y) ¥yOAREITFE 1.0 mmol/
kg LLFTH DA%, ARFRIMEY I ZEW» LR
waa*tﬁ%w.upﬁﬁvzuyMﬁ&t
LTI T 4, ) ARG O S MR AT

nﬁxm%WWﬁﬁ“ﬁwfﬁH&%m%m ER

A 72 ) ./r‘*?f% {TERE O A L2y Al[lHn A f A
L ol {&1_l/l[uﬁ.-$%i.ﬁ:f1 AL
%MMFtW%%? BB, LEET S
o, BWAE P<IO mgfd! DA T ii?:l:EE’
wY O LhenT
20~30mEq/l @) A ) 7 L R SN
H. WMD) Y METORER) Y HFEIE 45
mmol/lEF CEEZ LR THL Y,

12

o

L EOBS,

6) 12 AU R TFANDET

DEA B o 803, <200 mg/dl 2,
HigM A A ¥ >15mEq/, &0k pH>73. 7=+
YFroTE12mEgd®a B 200 ERi§ L
G THAH DEKADUE L THBAHEEILI%
FERIPTELIEOERNTERE 2B T TA »
AN FEnHE & W R T B, BT
TABGLA TV F— AOERETFT 2
B, |2 FRIFciE T 3 5.

IR FEL TR BT & 2o oA, &
11,600~2000 keal) OFERIFMEATT & L 0EIL,
FARDEELNR | Thh LS, £ L1
Wy, BEMEELEBATL T, FLHE R Y = &
LE =& (200~400 keal} %, S%IMET F il
ot | Bl T R3S ?ajfﬁ {100l 2T 100~
200mg/di BIZIZHERFS LA m0#HET £ > 2
YHMULL) THiAL@WITAZ EAER IR,

AR LI AR BIOT B & & - 72 & ST ik
T4, HEO VARIRFD A > A1) igfbfEkiz
HUT, &0 3 M#EGE A 2 » (-3l
HRIRL A 2 A0 ) (SRR L 2
)y EflAGhE b A ) ARECBITL
T, Mg po—L&®Ma,

bhebed A VIEEPOBRBEETIE
L ICREN DA » 2 Y REBICRT L 2R
B, A A FRERETIEEEA > A ¥
WT1HYAZD 05~08 U/kg 6T 2%

Nk
1} Kitabehi, A, E. Miles, |. M. et al. : Hyperglveemic cri-
ses inoadult padents with diabetes. Diabetes Care, 32
2 1335~-1343, 2000
;O AR R SR BRI T AR AR
4 W2 22000, MR, 2010, pp 231243
3 T, i fc S PTRF— A (RmEYR
RETFREA2&E6) LR RAAR LTy Lff
., 583 112~121. 2005,
1y Woltsdort. ., Glaser, M. et al. :
in infants, children. and adolescents ;
statement from the American Diabetes Association.
Diabetes Care, 29 ; 1120~1159, 2006
5t Malone, M, L. Gennis, V. et al. : Characteristics of di-

| K]

Diabeteic ketoacidosis
i CONSENnSUs

RE [ EPEER Vol 6



6}

7

—

8

—

10}

——

11

13}

A P T F—3 2 (DEKA) O5EE & iR

abetic ketoacidosis in older versus younger adults. J
Am Gerdatr Spe, 40 11001104, 1592,

Biivilkasik, Y. lleri, N. S et al. ; Enhanced subclinical
coagulation activation during diabetic ketoacidosis.
Diabets Care, 21 ; 868~570, 1998,

Kitabehi, A, E, Umpierrez, G. E et &l : Management
of hvperglvcemic crises in patients with diabetes.
Diabetes Care, 24 ¢ 131~153, 2001,

Umpierresz, G, B, Smiley, . et al. : Nareative review
: ketosis-prone type? diaberes mellitus, Ann Dedern
Med, 144 : 350~357, 2006

Balasubramanyam, A. MNalind, R, et al, ; Svndromes of
ketosis—prone diabetes mellivus, Endecr Rev, 29 0 202
~302, 2008,

Imagawa, A. Hanafusa, T, et al : A novel subtype of
tvpe 1 diabetes mellitus characterized by a rapid on-
set and an absence of diabetes-related antbodies, &
Fongl [ Med, 342 301307, 2000,

Miles, J. M., Gerich, J. E @ Glucose and ketone body
kinetics in diahetic ketoacidosis. Clin Endocrino! Me-
fah, 12 ¢ 303~319, 1985,

Yaday, D, Nair, 5 et al, : Nonspecific hyperamy-
lasemia and hyperlipasemia in dizbetic ketoacidosis
incidence and correlation with hiochémical abnor-
malities. Am J Gastroentersl, 95 : 3123~ 3128, 2000
Umpierres, G B, Jones, S, el al. ; Tnsulin analogs ver-
sus human insulin in the treatment of patients with

AR THEERE N - EEA Y » 70 PRACTICE 307 3 5 20134E 5 H- -

Ol R TEkLILOTT.

2013

18}

19

20

diabetic ketoacidosis : a randomized controlled trial
Diabetes Care, 32 1 1164~1164, 2000,

} Fisher. J. N. Shahshahani, M. N. et al. ; Diabetic ke-

toacidogis ¢ low-dose insulin therapy by various
routes. N Engi [ Med, 297 : 238—2411, 1977,

! Kitabehi, A E. Murphy. M. B et al @ Iz a priming

dose of insulin necessary in a low-dose inselin provo-
col for the treatment of diabetie keroacidosia? Diabe-
tes Care, 31 5 20812085, 2008,

! Umpierrez, G E, Ladf K et al, ; Treatment of dia-

belic ketoacidosis with subcutaneous insulin aspart.
Diubetes Care, 27 1873~ 1878, 2004,

Morris, L. B, Murphy. M. E. et al, : Bicarbonate ther-
apy in severe diabetic ketoacidosis, Ann fnfern Mad,
105 : 336840, 1086,

Glaser, N, Barnett, P, et al. ; Risk factors for cerebral
edema in children with diabetic ketoacidosis, The
Pediatric Emergency Medicine Collaborative He-
search Committee of the American Academy of Pe-
diatrics. & Engl [ Med, 344 : 264269, 2001,

Miller, I W, Slovis. C. M. et al : Hypophosphatemia
in the emergency department therapeutics. Am J
Emere Med, 18 457461, 200K,

Kitabchl, A. I, Umpicrrez, G. E. et al @ Hyperglvee-
mic crises in adult patients with diabetes ; a consen-
sus statement from the American Diabetes Associa-
tion: Diadates Care, 29 1 2739~2748, 2006,

207-304 ] Do S ot A A

13



EEFpiEbEES, 614 — 16, 2013

WERI S R Pk 4 7 000 A AR & L 7z B o A i 2 e o v 272 A )

B M o g ]« VR T = e # ir Fo g
B FEEERRAIEE AT BE E0OKE
M EEEHsE  F L e e

B MES OB 2470 9 NRSEAAYR LS odicbun T, BEdthunicdBheTiHE BlmE
AR BCUEYE I e (AR S (R T - oA, BIMAE R IR R MR T & o 7z B R
TRMLREELRLENEOEET R0 THET S,

(e fliE 201348 5 HI5H H533E RRF i BE RS - TEMR A L 72

Key words ¢ killer sore throat . BmdEfEatizgete s, R

i3 C &I

FIZEmc b ER A ER LS LTSS =4
EAEA L LCwa il - B A D e g B
ff & — 412 "killer sore throat” ZUTa IFA#IEE.
PRSP, DESRRS PH oo dee i e, MERT SR A e

i D, FFICIRBIEE E A S & U5 B IR v g
f’l MAEAE A &I EE M E L T b 3 = — EfTFIL,
RS HFERATIFEEES L, LIS iXmEEe s
feizmElr S 44,

Fhl, EBOMETHASEEEHEERRLL 2
T— IR s  BE O B EHe (e PE SERAR % 5T
W & fedns 7o, BP0 2 D52 & Bl i 22

Potie b W2 L e — i BB L - CHET B WeL Be0 s BUN 128
Meuw 79% i/ ih  2Bmm Cre 0.BO
Eo 12% | MNa 137
i # Ba 02% ‘ Alb 40 Kk 4.4
. Mo B4 %% GOT 22 ol a7
i, 0 2 LET-hAEg FFRICELEALE < TR
I et 2 B Th s, BiEEn it ym 13% | GPT 13
DARGHET N, MHISIERS®E. CRPLAimedl. #H I ALP 386 BEE
LERELTO00/ oo | G O REHT CAM & Fhikd% S RBC  Sesh GIF 20 Y4
Ho 16.2 LOH 245 RBC 1-4
MCV 825 ‘ CPK 69 WBC 1-4
PLT 22107 | T.Bili 05 M -
14 1

UTHEERT L 6 B8R BEv 4 0 HIZ RS
IREE 4 & R S IR T i B R E kOB T
WEC SRt s LaLER3RTH
SI0COREMITHE O I EIZHREEE, Mo TN,
i dei®an ., MEMHHMIZTARE Lo/ (G001,
I TEZ, F1).

14 B EpERE Vol 6



I bk 2 3 i SEardk & Ly

= =

SET/ABPC & CLDM # {1 L 5 8% 5 i,

HEAIRM L — R LTSl

I 424 ﬁ&INEJwJU”MLMi5HMWWWWH
ZoEdn A, oS gk O & R AR

S ELE (BRED.

g ORI L

T
Doz (BHEE), SOz, MRV IR moee e <2

AB#EE

SET/IABPC

EiRd

1800mg/day

FO[ILL RS

e

2Mm3

Hh41
£ P EHE

i R ML AR dE & & D s AH b R

[
I AT (B2 ).
Bl

'|—||[ "] -

* [

e T e i e i o e A )

*EFhchTd—, BT
—bLRET SHREEL

|[II EOREN IR L e d i, 8 :’ET:'I"I'EJ_EE "
RNl ;] e R ,_1«|J R RS e -
Tedlh, w3 A=BLUMN#ESY 72 UTOH
B ERE bR, FLoARRIZGH TS/
D-dimer ABEEFEE E -3 LTETF LA

£ =

M ESLERTHZIZLERLT, Wik
SN S A
Wiatdh A, WL BB Sk TR L

I'.»:s".E?H‘I FHEGIRES ?..,Iiﬁli**f“' T
o9 & ECENYG: T e t"&-"’lw;z:
e 1Trll' killer sore (hroat & FECF, L3 ReE TiIag
it xfindesks Shotwd, fBENRLOELT, R
PEMEGEE 97, MEFROBEE,  Fal BE I A 6D,
A= (TTEER b AL ’.a;'ff':"i"-‘r.il‘.-#ﬁd}?éa'.].ﬁ
s g, 74 BRBEEEIZLDRER HIV
BB O (s e A e R R S MR TR L I e,
IE S e S A AET 2

ViRl e Cdn o Ao i AR &
bR o
Mititad

MR

e— |~' of o W

|l

ot
S T
-8 2 i e P D 2e 4w 1 E,  killer sore
T O A E AR AR de A 4, SWELTIZ X
I A AT, e Bk e,
= e B L R A B F 2 A L
G BRI A B AT T FERTWEH, &
Bl OGEF TR F L EAN T L
Tit%d S L BRI Rk 22 & o e
CoufEfEdis s b Bl S,
T R e A= s TG N i R
LdprozufgEtE L &

e SLAE AL

throat & L

M PR A 7 — 7 L R,

e,

Hho
SE st
L A

v B I

T A

- e
e J‘_"?J‘~:J.

Li_)“.l: ¥ Il'_l %ﬂ',-"-’r}g{'l_;"_& | 45 T i J'IJ -* H"ﬁ_?

15



by - k-

W, COLISLAELSHY AL 2T, nk
b b A ) =X LTS 7%
EELEER EEY 2 EEEELE 00D

& &

W I B A T o e I R R 2 T S A b - o b

Feifi

73, TALE AR L R U0 T S R AR A A
BEAIAE % GER T & Zrvdees ot MLAY 9 2 A A

D-dimer ¢33 & 7 & RO PERT S0 & 22 0T L /2
fREE 2 FAEB A T LRGE Y LR L Twv T b iR

WA R, BME AR E L SRR & LT

BEFAIEFRUTHS.

EFHRERER Vol 6



FWFei dLAsiR S, 61 17— 19, 2013

MR ) 23 112 2 B THRIEE L L 729 B
~ [HEVERNIELT 7 o—F] IZD AT~

miFEE KEEER TE®E  MER=E
EEHRGREE ) ) F =3 a »#

it U &I

Bl fEH U NI BT, =T LA
s M LVEHE HiCEEfTTTO R LEY
uR%vﬁTvTLTM’IHWEmﬂww?TD—
F | ARETHLERAEHELCELD, S0,
Al e LA ) nﬁ-%%] . HEER S L wvwioh HER
B A TR B & I = bRl Ao oir e s L. 48
fidi—F 70 b A LOMEATEER &, WET
L LA L CoES F A LEREHCR S LT
i, mmfwwfbfbﬂﬁpmmuanmﬁﬁm
TELOTHEY

fiE #

oAttt 20LVECH IRIEISE TR REE 4 0,
# 6 A s s ) s E Sl BT, BEAR
1 b, BEIAUTTE FRBMELAITHERE B
MRS AAT LAz, 20028200 F (220 20 -8 AR,
A HBIZYERIZYNEYOEHARL
(ABERESLEE) A2 EA, (FEREA D, T EE : == =y y—
B8 A =R o7, RESRIE-E0 LTl - HE 1 H'T FTE E A

& LD TIicE-TLEw, ETHEES AR 06 146 (A v R 7 E131
s Y Py b & b 7 RLF TR HEG

FRVNEIMS LT VR, RERERoRRRND HINREILRGT/B] (5> b+ 7 f68)

EA5D L BRIFELRML <220 # o kA 7T FEHEAT

EhmrEIETEE | olrrylde (2] & T2
PETHEIBLIVELERTAYT, ERRETH
Hlgd 5 —F » LRS00 X vl
(EREROBET) EEOL ) AR gz /-

(B 2) kA—2=56< 6 FFh Eahizonk
A== g WEIRT,

(BH3) 2EhikdTy b E, EFATLHBRAY—
YA ltOT, Py A My AR R
R

(BEHE4) EREFHEFEl- T2 Fb FiloHo
[Py FAY»Z]| &Rt,

(Rl D)

2013 L7



R - K - LRSS

FubAbuii—

RUEH 7Y

[BORFS2RT7— D T s

.'lj- !I!, 5

SWAICEEEOLR—F TN VHERFTL
oo I9IHICIRBEMLTH—-F TV L LETE
e dz AT IC Mo R B LR E L A
BITIRA VAT, #— 2T b L&
9 1B0EERETREL:

(HHL) TIBOE N S >A T 77— | Ok w T4 ¥k
AV, BEMFTEELEMGEICISEN RS &
AN h, HywTdE—F TN A LA EETE S,
(HE0) MR A0, W A
PEafedt, BUEEDICHBRLLEZELEEy LA

15

BARELThA 4= L)
BAZREYEEYSENCARILEIS (Sl

AsEREfENR LS F =R LEIIC ()

BEEMES AT AT, B E T LA
AL A bve i, FLTERLAI
[ZAF9F FudL Tl FFO—F4ir8
UERBEEETIO—F],

HIEREEFEEFIO—F

B

WET alEif mlii-GH

Y ST SR T
5 4 89 é’*ﬂ* & 5 ra

El2 SBECR ADL SRk (Hase)

ZETCR{ISHR—F TN LERYT R LT ESR,
HEOHZE FIICT/IT L LS EESS

(F8E2) M1 AvERBRL T Yo—F2R L
Hif LB e8EL, BRTAZETHRODAT 2
FIELHETHY, TTHR—F T4 LVHARTE
ZEPEETHID,

(EFRE) Mzl &aDLaloBRLEETETRL
fobhdiZ, BHF—F TN b A LEHELTWIUIET%
A, BROABETLNSVHEBIIRSTWE, #—¥
FW b A4 VHIZL TWRGWET DL H VAL 240%
Pk, A= T4 LEETL S ETHERED
HREFLAUET Z Edtmdd, Seikihid TR -2 7
e b A LIZRUD L E v ] AdHE, AEBRESELE
CTFHTWLEEREMHL Z 2w igiE L fu,

LR TORBEOR D #MATE—F 70 b4 LH
VL BBLE LAY, E—y T b LICED#EE
pAaPRY b S8 1 Wl Rk 2

2 E XM
1) WEFHCE | ADL H LR Tofr@HH, R

B UfEER Vol 6



f b EEEE Y % T B THEE O LA~ T BRI T e - | IS A T

DAEYF—i g »H 30 170-177, BFEurE LR, MEDICAL REHABILITATION
2013 Nodd 0 60-75, BEEgaE iR, 2008
2y HHFAE SERR - HEEY N E ) T a v F— A,

2003

19



R g, 60 20 — 25 2013

EFART IR G PF L 72 B 280 B IR A 1 ohe $1,
BLUBE L 72 PIKEIIRO AT 5 H 5

2 1 0" SAEEETY =@ EBY B EEY

L) REAkmiE WERERINE

9 4 B

BB EFIZGARBNE, AR L2 Wl Sk PIROMBERITIRICHMEL, MBI ARE 2L ST
i1, AEBRSEEMELTEY, &4 FY Y — T HES IR, RIEE SRR v AT IERR L A mnA
EOLORFELIZRFRUM*Ho I LdH#ECH-7. LEALAF Y FRIOABMEIBATSROTERMELS Y
PN== FDHTHT E L 1y AROERTERTIEFRIRGS ¢ SR CHRIFSBRISEE L T S
BECAT Y MEAZLTESEE T, EROMELL. HETOCT TETEODRIZAELEIHRICLI 240
ThdI L, —ihR L AmE o OJEEREE & LTE2 b/ s & imb L CiEAme
HlfsTnd, BREFTEHIROBEGERGICATE AR, A7V MARAES LIIHTH L 0S5 ERET
L. RARBARIEMEOECFRESY S TR TRA~OELZ MR INE T, & ThlEMHcoARS
t, BERAICEHET L. 29 LARERAFENS L URESFNE LB TEIRICEL TS amL 7.

Key words : & 2E iR, HEGESIREEE, Rikis

fRAr 2 f i SIS T Ankle Brachial Index (ABI)
[FAADTAEETLTEY AKE kot

B FEI04em  FEIkg TGS CES
oo JEANCRED L THEFEA L RERSIR. s

[ DA Y bl

HFEMRE E F TR TRREE DA RS T
RohamE' ¢ ARTHIRE D G2 FRER

PEEEMREL IO THRE TELIMFT THE, IHHES
HELLEELD, KEEBRYRETL LI RLETOH
TIIBITTIREL, A TIEETALH AW, Ll
THAZ2-3 NOBEET, HEEF o MREEER
ELTHSEIRIC IR %2 &) FEFEET S
ECOHFRME L LToOREFTRTHL D, B
IRFesEE Lz h, MEgREsE LT a4
L. FEbivhiud, @A E Rk k)
HREm {5 B L AofEWI e BB L, Zhoicih LT, 1
HNHHRICT 2MMNCERLL-OTHREL, 4badT
At L RN S S oF S EanL
i

ER  6TEBE

R A TR

BEFERE (6LRICTHM) »=F 2 BELAY FLF
dr— b MR, F Ao, EIRME, e
L PE TIndEd,

SEHEE  URERA L PSRRI

BEE 12 A< ouild s SI0ETR, A Flons
HMIET A L9240, b 2iTonE #5285 L Ye

20

BRI & b AR AT R ENIR & P RN IR A Al
&4 B v FEEbE L FREMOEELL

ERABEFEEMRR . WBCI0040/ 11 TTh 154 g/
dl PLT 308x10" /ul GOT 23 IU/1 LDH210 1U/
CK 74 IU0/1 LDL-C V0mg/dl HDL-C 79mg/dl TG
137mg/dl Cre 081 mg/dl PG 133mg/dl &EH )

2 gl
F1 HEmOEETEEESSR T EEMEL R 5.

FEFhEggREE g Vol 6



SR G

Bt 2

\.J" A J’C bl

H iz BS54 & F Beghig
gt [ty o

ABTHREEM © Ak

r, Bl o0 IETT

(Ll

TOEEF|EEN A FIA v —& A L CREEITMm
TReRAlr (PTAY wRME A4 P74 r—1d =l
BN, A X OFERIRE B IR AT A BE T, AR R

ZETISN—= 2V LTAHAEEDS, BETINR B
F DI AT collateral #EH THELL 2. fﬂl?_‘rﬂ%"-‘ui',U_|I.'IT';'..'_'J|
ERENS ATy —2fFALTD 2mm S0 — T

1 IO/ 8 I 1l e 8 1=l P e R A NS
L HES AR b AR BT A 2
T, A= OATEBFECHE AL e
A% 2 G, L Ll

AFYFORELEELS

Hat g AR TER 2 L Ao 4 12 i Ju'llllm Z 4§ B
EANEEENR D, EETHEHELT, A7 X MIvil
Az E kLT, WESIEE D 4 mm A— 2T
SPICIREE LR T L LA # TG £ AR
TIME-2 7a—niETh- 0, BHEELTHET
T —, HEFEREAECEEL, S0 ABIL1.09
b LA EAMRERITEAS R0, B2
At B HE PTA 0T L7, 58S 3R Bhik
it A D, HBIEE IU'IJRIHL”.%FJ?JL%EE' T
foo dimE BRI S PO —F FNENUSHAL

fﬂ?ﬂ::—fﬁﬁ.mﬁﬂwﬁwaﬁ#—ﬂm
M — AR LT venisth, 2L — TR R

4 mm FE5719mm &£ 15mm EO 2 2o Pl A

mwﬁwmﬂu
Al R3S o M LD
TN 0 A i A R AR

Pl"kl‘aﬂ’?LlflllmT B i BT,

R

[# 2
A k@bl |]:--
= o T

2013

i L 7 A S A I A A

RO,

+3
a2

ORI L7 R R o R

et R =

HEOangio TATHIMVETE
B IR R

AR A
@ LT J‘*'*".Lﬂ'wﬁ I»;-||| T A @i .
R R T L D R LT
J\ |JJl' UL B T A I R R L

.
’S'urL

K]
Al DFE T 2 7

v & MA G T A,

TR

technigque TH

F (Express SD) & HiLA Z A7Z
GIIR & T ER LS kissing balloon
HEIEE AT
B LTt H2@ ks BRENICMELR . 8
7. 2770y, RIS —EESLTHE
&L= S’F"k‘rf"i..d%_t““' CHER S & LT
BTy O—Ofdh, PEHIZCTT
L CTTiEII@ LB Y EEA R E
WA, AT &l

e TIe & TiiveT B

F o
,J.d.
]

|
[

-# tihioperoneal trunk (288

o g O
BRI
FERRS & L
IR TS EHR D EATT
ELTTFRISW CRAS D,
0, ERAETIR T A D I EANE LA i A
S B TRATA St AT R
ITmm T D AP R o i A S e de-

= ([E4). EEEL H“Wﬁﬁhmﬁhltbmh'
G TR AL TR A A 6 @ artery to artery

embolis ] [EFEAER W EHB LA REIZMLT

= ARREIR

S B

R LT

R A RRENAR

LBHIR
B4 AEASEEIE R L T A e s i A s i b,

ectasia RLBE L Twa,



WA - A - =i s

i, ERIE =1 o TR nw iR EE o B
v BT LT, 77 p ) HinEEMEL TREA
WRENTHE.

ZE HRATHIRE RSO T ARE L 2Ty
B THEROAL > 8-~y v IfET 2 EMIG
HATEPR{TRWITRVWERBL 20, HFEEHE
ATHED, MEE LML TywAYE, 183240 Green
oMM TH A, FRUE I FEHR
THINAROBRENSLIITER2 L XN, KED
B 1 AAL-6 \BEEEOWRSHE. L L,
pubmed TIBETE LVEMS, BEShTwiw
fEF, REOL S ICEAITICVAEMZELHNE
BRI S 9 b LR ITRER S 2

MR EEIRO ML L EEIIR, TREME How SR
Hale & S BB & BB A A~ORENE : (2t e h

&, BEALRENROAETIE, FESRAE S MUTT,

g I - THERERETEL L v ) OFF -

MT&H L, Bower L3254 A S EIR O 08 T2,

RV BRI AT SEENEF L v AERHE
5 oy Y 3 P v 110l 1 1 ot % (IO
a8y FE2EMN2HTHL EHE SN
T,

EEASEIR IR A EENR-E SR, O
A & LT oo dfaE o R 5 e S o bt
BT@L bvg RPN R, ELEETo
BB REL TEIMP v odEE E Shats,
MO TFRRE &5 20608 {E T BE A
SALNAN, TRIEMTLIMEZTREEIAEALR
fv, E AR EIIRR L SIS BIE S T O i
lGEFH L LI IEELR Y, EFEIRRICI
Moenckeberg G MALA S v & Ko ET, BB
BOMCEBEE o Ty aA, NETENREIL KE
AL e TR e ERIRSSE, L Lohizi
LEHEPESEL A LNE

AdEME, A8E LTHETRESWRO 20 AT
#HY, powiilthsd MEERTRAETROL
LTt abbTwa, LALEERRETH
DEKTEE LA ectasia 2 9 NETHL Y. FE
Pk, SEREO LA TEHEY, PBSEMNAATTI 3 4
OB TEROIFRBMETH DN, ML
TR ME B SR 2 PTAKSRD O L —
DR E s fo e B b, BRI TR S
MARATEA T saddle embolism & % 9, M iR
WOREE TR LSEIELTHE o b o 2N
o,

22

GEbHIBIE, 20 below knee M4 ER O
MEFFEHET 2B T/ 1 BH®FEET
CEAT R BV IR~ O MR T 85 LT PTA 97w, 242
el FRECMMATC 2 s e mE Ui EES RN
i, MEHEES AL, MR EThH 2D,
ATy MEBLEELLYEAT Y MUSEOBIESE
Ik, 7727 Oz GiIES ERAREN O i
LIEICELTESRFAHLZE, GErGEEY L
Ao FORAETINT 7 A5 52T
e D PTA 2T BEO BRI s g ta o
iz MtedbsHElLLTastEbhi 2+
e 2 B P A T LA, SR mhRR oD M i
FEFIZRIFTH Y tbioperoneal trunk 2BV BT,
SEEMECREEDR-IAT > FEBBELT, F0ik
V2B EEER & 7 kissing balloon lechnique % M7 L
BT L& BRSO patency TRTFTH-F2. S
OFERF o L3 2 SR B 4 o s R
- LT 2BEOFREEG Y FEREETHA
ThibrEEZ LN

SCEREZE, RN & A PSR PR DR I ki
OEFEAENEES RN TH D, IENEEC L
HMifEL R, oAy BTN
ABEELIDLNATEALED TEAFOATH -
7oA BEFNIE LT, MmENER L RO A
TR L9 D05, S5k, SRS L b AR e
BREG2TCLHDOPIIERFATARVEDILT,
WIRLIZ LT AR E AR, RN EELE
HiLD,

EE2 (LEEBLIFA - BEPNERE)  HRL )
Wiz X & PEM BRI L, BRTEMFEL Y LML
T, HBEOMY, KEHOERNETHL, IS
(7% Tl Tidksd 5 EmEFizls Tz, £0
EEER I ER & AR R EERTH D, Tk
W4 6 ATHEEEIRE KR BE LT D, =
DR O AT ER T AR A TR RN &
IR e ol Tl o R 1 e s R P )
MR ERORE DO MEOR MIBiTSE
HIRETH S,

TS 2 BB T, Robert Wiedershein 2 &
A 19074 55T o He e 52 3 B 4 Einfiihrung in die
Vergleichende Anatomie der Wirbeltiere (ZEEIZ, 1
MM, RmE BECBY TR TR Eimgs g
BhUR (Arteria Ischiadica LRCHE) T35 L 541
LELBCTREGREEDRIZOAAR GRS RS

B ddimiiESR Vol 6



MBFEACE TR S0 LA R B R b, B LM L MIEIR e RS I A E R

NTVBET, ZHvafzmT [MIFEREEAERELE
BN AT] Ewvoads, Ermst Haeckel O FHELIE
LWwkEILHTHAD.

B rOBEIZBWT, FROFBESGET DA IIR
PHE LT AENTOTEI L, LBTIRLHA
FEFR AR T LT Truncs o2Hb fEATEEL L L 1 8k
LA HEET LR TH D, BRTRIPEOREIGE
SREREHT, S E#ATIZEERIGIWR
WTHhS LA LS, FAMETLE ML 0EFE
HEELL T, — 7, HEREEE T M SR L TR
WEEEBAGL T 1 MM SvoITHD, naoTh

TLUEEFLEH IS 5RHTH L. S va7zfTid,

A FEIMRIE, AEFELIh, WEREIG . I
W A30-50mm g FLEED ILE D, A 482
HEOTHRCHEE L-NERTHALVALE). 36
CMTAAI00mmBg DR E 2 AIEFLE TR, EEED
lHEE S AMERTHL, ALFLEBEICHL TILR

Ui A0 B G g T L,

EAELTA R, AEERRE, LHmE AL FRONE SR
EOMEECHY ARFOPTIHEHE RO TS, B
WRZEE, ISR LAEETLEA BN, 10204
i £ T el g T R AT A AT B R 5 o)
FERThHo LRI BVT, iz b odegaiiRe
SEESEN N BT ISR DT WAEE ShTw
kA T&EL Lo L, EFIRGCESTIEL, EX
Fft e Tdh A I & & Kawashima 5 A20104E 1 fEH &

TEmEE

5 MERARA BN FLAEIZ 3 A R e R e 2 1,
HAE TR LR E FRETEE L s Twd iilEl
(LB

2013

LTHELTWSS,

MigizE b o Esh, BB Tk fin & LTH
i H LTwv a0, MEEIZS W TIZEFroHd 590
BERLHEIC T T3 0 I PE S IERE AN i) & 00RE i A¥ o 7
RETHETA O EREL TREE(HATSH L L
s T, MERICECTLHRTHS, MELE
BOTHizERAMTHL NEBHEESFD-
HTHad, S LEEONEMEBT, HEAEG 2
W T, IRAUEHEIE 12 R& o 7 body plan T 4
Ewdd, ZOENAELT SO, REEEEMI
i, Rk AR OB REO GGG
Thbd COFEMELLE, MESPEEOETIZL L
THTICRET A EHCED, TRICE L T
&L L9 Z00EE g Lzl 2 2, TRGZE
o L B THL L BLMEELSTLES
P 180 InE LTl E LTS, ZOHES
twisting 2 I TV A% Zoid, TERBLTE
A DL T, R E PROMFEA LG Z L
LA, AERCHLTE, THRIZH & TR
HEAS, AR T RS % 3R LTI iR S 2 S
TERTTHLL, WS EE L TMhEERIZES
FT5 0 180EREOELERE LS (F6). Tl
MERCEHESTL, ZhIZUHREORELT
$ A, RioEoadzlB0, AMELLLBTLEI S LE
ZAbH, EEFETE, CORFERSHEEBELTL
HilicsFo d@dlant v bhs,. EH
FAohsow, MEEELA Ty A0H, TR
BOTEEFRRTHIEVAZEIIRE.

Kawashima & 12 & 5 & 209 123 408 1 o ms
it22odHn, AAEEEs OWERMET ventral branch
L dorsal branch T&H A A% TEHIE BEIZBWT.

(A

6 T MO owisting & 87 PSS component 2 L
(Kawashima &IZ55)

23



EI i g, 6026~ 28, 2013

WA AL B L SR e kO #EIT 2 2 L7
ST N R IR OB JE R O 1 1

50 15 S iR {E &Y B & el B i G R nif B & HEY
1) Ruprbduiiy AR

B CEMTAMToBE LEEEICET 2BERTY CT S TREREIE oun)\.mﬂq‘i%*ﬁ? . WRIEICT
B % B I BE D Wi o M AT L 7. S0 R T B (O A A BRI AR L ST LA 1r|=]"?£221 HEH®
ARt o AT L7z B CT MBI C B FE 2 5 L. (L fas sl 4 u.lJ-T-JJHii'%ﬂ‘iEA. flr iz 4 70 F
CRIES L, BIBRE R S A R TH 5. WIS R LT & L L P Ah e R R 2 R O
1 ZHRET 5.

Key words : #iiEflla B iR R, S8tk iass

FLaic

R IE R R R A T B O — R T H L A7
WERAERTHEL, BEOBMMEREEL ORI
B, TlibnsEd it e, TN IR AL LAk
WoBdr TR Al LB L OTHRET S,

gl 428 Bl

Lo BB

BIAEEE @ 20134 4 A28 H Lahi o T iR, J:bﬂ
|f~; maﬁ&ﬁ% ISR & AT 5 L WERT R

At C PEEGEE OT *ifr, PRRER I 46mm J\. i)
J&EB’tﬂlﬂiﬁ‘L{ﬂ1¢1 e A 2 TR
HEFERE: 208l +TIRBRRE. AR 55 ) OFH.

A o - Sl ol B

HE: &5 163cm (RHER3ke BMIT 3125 I 3 BE
&L fatty T A MEEERD S o7
MmiEwmERHE: BREHz@d4d o/ CEA L
CAL19-9 LIERFERM Th-o72 (K1)

ld 1 BEFEEEE CT

BEER OT Moty BRI 46mm RO is il % i

1 MEHEIR - B WERIRICE L T8 D BEE s 2 TR

ATIRh (+) Hishp (- HCW-AD (5 HIV-Ab ) MR o SEE A R T (1)

TDTHII SO/l ROC S0 10l Hb1Gdpsdl 1MU45TE Pl 185X I 5 MRL A BEERSI50mm KO T2 12 THE
Sk % ek, MRCP T IEEH T ORE O mEid >

?T' fli*gr;ﬂ“ mf:\sl.lf:. ”lf :Hz?fu’rl | 1Ir!:r1- '.L I|JL.;:..-".J EJ'.J‘h.l:illl D;Jﬂ;{;nr;;;]'uj.;' AMjOWT oM @0, (B 2)

S8mp/dl Cr 0F3mgrdl Na 143miq/ X 38mEy/t C1 107TmEq/ R e M ALIAR R ¢ AR IS 40mm Ko Bl E b 2

CRP 0.04ma/dl ;
hypo-echoic %l & Gl 7z, (18 3)

{43  ERCP % iaf7 ¥ 2 4 B0 h T A e

CEA 2 Fngfmi CA1%-9 T.aU/mi

26 FEIF bl Vol 6



Wi Tan A e L

-4_" 4|J.¢f." _“1"]‘1"’”'

P AR AU N R A o 1 4

B2 B MRI &k

=] 3 Iﬁ'j ||i.|3‘ N *Ui;],{ﬂ'f i

Tdo72,

ffidfi=e — 4 — @ P ITia bt WSk
PR N S o s T IR s il 2 M 7T L 7
FMM R LIS s THIE BEERSC 5o
Kot~ iR EE AR L. B EgiE
SIE O T AT ETH < ofzdh, o3 it
A G W TRE A e, ER R TR R L IR
RGBT, ACEwy B L AISTIRB S % S
L7z, " 238 NoBa. 7. 9. 12a #¥iif L7
L‘J.'Fﬂ’;ﬂ'.’"c F o EER R AR mm DR R

ez, (H4, BS5)

th]Tﬂ%i; (E g TR T e T L e
| o <0 I;_h..J FRGE, (B6)

0 o e 6 Dl AR L 1 e R Bl

B A 47 0 cvtokeratin T & cyrokeratinAE 1/ 3 AF

Btk Tdn . BIEBRIETIE vimentin 9275 4

2003

44 EEERAR

(6 ARG 2 L

cviokeratinAE ]

BEXY

IdmEtTH o

= (7))

anaplastic carcinoma, spindle cell type

iso called carcinosarcoma) [2 AR &Sk o B

(Ladab

AN ] Phot,

Bbmm,

odular type,

pTa



LR e 8T 5 4,

A R D iR R L i

ﬂ_ l E'(.l.' |

WCHT - fg -

|48 #ifE21HEDESELCT

B9 #ERIEER CT

CH (-}, DU (-}, § (), Rp ), PV (-}, A {),
FL -0, OO (-}, int, INF #. Iyl v2, pNO. pMO.

Stage I X 75T L7z,
WAttt © B LUE BT v (e

e FL— 2 HEL P
bd—Uaifify. Hlirho7 3 5 —HEIZMRELL5
WA FL—ikE 4mbHrbEEeABLA. 2
BIRES BIFTH 0 RE L WA e, 1A IS

BlERrTE. FL+—J0 T BiRaEEL,
W21 H B AZRR GO RER @ o CT i e fr.
NS 50 LDA 2iEW LA (H8). YA s ¥
P& TS - 1 @ik a A LB, Yokl
FFANEG e (R19). B
Wi & Tt C 4 D Abe, el 7 &47
S b AN AR 1200 HizAB E 4,

3 =

38 12 B U8 1 90345 A HO 4R v A0 55 4 e & 32
B ed, HANRS, %
shiEdl R Iz ahd, BEHIEL
D18%* Lot b, F208% (MRS
FEHEE2007E L ) EolhHs wiRiILTh
BEMEIC L SHLHEETHL, PlGIC
% L19949F 5 H > 520054 3 A £ TOREFII334T
@Y, R E T 6 S, LA R R

V2 ] e A,

98

A

A, HERE IR Td 50 I
i e Rl 1 % i T sl P 0 e R/
ErElcHE 2 2 b, &7 EEEMETIEEL S
FERE A~ OFTENA LD 2 2500 b LR
Biarfbd L GBMEL T2 bR AR oEE
M BT D, RIEFTIRAERERS & kIR
TaET S RS ARAE L, R e
P T T & AR R O TR AN R A R T L L
TN A HEEHRA RS R, 4 e
HESE A Rl % Bk IS LB , B sarcoma Tl ¢,
b R oo A AR R o P R R e AR e o S
Ml m L Tuv i, e d & {9 5 L AIEREE
i= cviokeratin AE 1/ 3 ST -7
HE T (anaplastic carcinoma) @ EFREMALEL,
2w SN (so called carcinosarcoma) & EFEF L7z
AEGRMLBERMERETEELLPTRES
N, B L RETERENE ZhaiEnk 3
Na, KEGICLAEHTREERKBEOFLIET
em (10~240cm) ThosibDfEshTWaY, §
FEF TR E QR AIEIESSoTH D EERIBE LD S
BT @ o Fo RS G R ST LA R
ldradz, CT LiEF Ao LiBER L LTy
B, MRCP {2C A5 o) aieslt - SRS IR O T BE SR
R PR LD Tl R A o — SR dRdE L 7.
ERP it S~ A o b — 2 a YEFETH D I
o B TR B L A P R AT S TITAT AR BT I W R R 1S

BLE S

LB D BT d i, IEREET LR R b B,
R FET AR IS &had BLEdG, R

B R e D,

Al oM ~v—5— CEA X CAL9-0 OffiE it
HATH D, BT REMaERE &L IS0
KeRlLos Lmloffricsuntdvs—d—0 L
FL RS G dr o dn M IZ B W T, CAT9-9 D
HERFo#GSEsLH —FItEEv—h—O ¢k
Hiz@omhwraThs,

HIRT oo AL MRl M 12 X 0 MU F Ao R e oo i
LD EEREE OB & S SR AL LA
PR L BRSO BNEEEE shd FEAER
DAY, EEv—h—o R eREa o alN
VBT RGHR R B AT RIS L e

BIEMAEO FRIZTARE Sh, ?i’ijﬂ‘-ﬂu LRVRY Rk
e B R oSS il s D, fhEEmia s
7 3’-'t-l:J..I—.@’I=.ﬁ-{§“i:.%—ﬁ'w-$§2ﬁ$’ﬁﬁﬂL_zu WU 1 o
HTahorzt,

PRI AT IR L 2 F - NifEfhaid v b =



Wi Pl e B L B B Rt e LT & 2

Lad, FEMoHMEEREly], vETh D EREL
Eromfe AT LA, FRIMSEN O CT TIEHFN
AR L dr o oAt WTER OB L BEEEEY S itk
BAFMT 20 CRELI2UNHEOGCTICZT lem
FOERTHEREFIFNCSENO-. AFE LR
GWEETOEEOLRTH), FToE0 1Tk
O CT WA THEBOIE AT A TS, REFOE
BEORET b bRoETiIE-EER bl B
B AR T o e P e el o R 118 1 /Rl P
&b DHEGEFID LR WEOBENZ TR ORE

HEVZHE L 2 A — b b TS- 1 i ML & B2 Rn L

*&k“&ﬁ@ﬁw:m€¢@UT%fmU#tL:
. JEE AR AGN D WEIS TH - 72,
mﬁ4#”ﬁ~%ﬁﬁmﬁkuﬁéWMk¢W$ﬁ
2T, BEitdbLgE ks hr
ﬁ%ﬂﬁ%ﬁﬁ@%ﬁ&lﬁﬂﬁ@ﬁ&%ﬁmms
k@ﬁ#r&* oo EAz BIEREER & Ay Es i L 7o e

. HRHE %ﬁ%:@ﬁnﬁ““i‘%%:ﬁh LARET B BRI <.

Lal, fiidoEBh 35 Lo AEEF Sl
NTwaHIbds, HEETE AERLVCIERTSH
B, "ﬁ‘ﬂl‘ﬁiﬁa‘ﬁi:iﬁﬁ L Aia@i e IS BT 1&
LELD.

# R
A0FCH PRIZ580E L Az, Wede R BB o0 ol Sl B Y B i 1

2013

L 7= A B T BY IR pe a0 1 1

HEey | BUERERER L7, BRUEEE L ATRIREY L. Ty ns
w AT LA A iR At R, BRI L
foAb B AT 4 b IFMS I B L, Wi
4 A TCHRESRES L SMRNRoETEREL
Fo g A R PSR AR O 1 Pl R LA

AfEF T ELGEFE M AR SRS (201346 6 A23H
BE) (BT RELS

X fik

1 THE—: b EORE—eERE 5—. IF- 18-
6 @ 683696, 2003

2 BAKMFSSRERS © H AP o 1 5
204E RS, BEME 18 @ 101-169, 2003

3 T, EBEESC NEAFEE D w0
Fw R L 72215em B RIER IR (Rh ] e i)
@ 1. BiEssiE 3906) 689 - 695, 2006

4 KE R 0 f BRFZIEAS BEICHEX
Lz BRI (BhiIas)) o LH. B
YhaRE 69(11): 2980 - 2985, 2008

5 Ml WL, LIEFEIED o BRI
(e fatd) oo B DERAEERE 73(2): 442
=447, 2012

29



SO, 6030 ~ 39,

ORIGINAL RESEARCH

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

The Multicenter, Multivendor, Randomized PROTECTION-HI Study

Jorgr Hausleiter, MI® Tanja S. Meyer, MD,* Eugenio Martuscelli, MDD, Pietro Spagnolo, MD,#
Hiroaki Yamamoto, MI2,§ Patricia Carrascosa, MD,|| Thomas Anger, MDY

Lukas Lehmkuhl, MD # Hatem Alkadhi, MD,* Stefan Martinoff, WM, 1

Martin Hadamitzky, MD,® Franziska Hein, MD,* Bernhard Bischodt, MD,* Miriam Kuose, MD,?
Albert Schiimig, MI* Stephan Achenbach, MD4%

Mienich, Bayreutdh, Leipzig, and Giefen, Germany; Rome and Milan, Italy; Nagano, Japan;
Viente Lapex, Argenting; and Zurich, Switzeriand

OBJECTIVES The purpose of this study was to evaluate image quality and radiation dose using a
prospectively electracardiogram (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 protocels
may effectively lower radiation dose compared with helical scanning, it is unknown whether image
quality is maintained in a clinical setting.

METIHODS Ina prospective, multicenter, muitivendor trial, 400 patients with low and stable heart rates
were randomized to either an axial or a helical coronary computed tormography angiography scan protocol,
The primary endpoint was to demonstrate neninferiority 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 =20.004), Axial scanning was associated with
a B9%: reduction in radiation exposure (dose-dength product [estimated effective dose] 252 &+ 147 mGy - om [35 =
21 mSv] vs, BOZ © 419 miGy - 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 = .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 63% 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 Protocal [PROTECTION-I; NCTO0812082)  {J Am Coll
Cardiol Img 2012;5:484-93) © 2012 by the American College of Cardiology Foundation

From the "Biimk fir Here ol Kresdaoferkmnkongen, Deotsches Herszentrume Minchen, Elimk an der Techmschen
Universizit Minehen, Munich, Germany: fDepartment of Canliolomy, Tor Venzata Universty, Rome, Thdy £5an Raffel
Unversigy Hospital, Mitan, Iy §Deparment of Cardiclogy, Naguon Choo Hespial, Nagann, Japar; |[Diagndsrico Maip, YVieenre
|4ipez, Argenting; §Department ntL_a..T_]mrgy. Flindkmm ﬁa}'rturh, ]1.|_l.11."'.|'.'i'., Germany; #University of Leipaig — Hearr Centre,
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o _ Oronary n;:umputcd tumugr:lphy ung'mgra—
i phy (CTA) has emerged as a vseful diag-
nostic imaging modality for the noninva-
M sive assessment of coronary artery disease
with accepted clinical indications in selected patient
groups (1). Although coronary CTA has high
diugrmstic ]'ltrfnrmu_m_‘ﬂ to detect and exclude ab-
structive coronary artery disease {2-4), there are
concerns reparding porential stochastic risks related
to its use of lonizing radiation (5). Accordingly,
strategies to obtain diagnostic images on coronary
CTA with the lowest possible radiation exposure
need to be déveloped 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
?1]1}11’0'Fl!'i1b,‘:{}" balance the desire to achieve low
radiation doses with the likelihood of obtaining a
uselul diagnostic image,
Prospective electrocardiogram (ECG-triggered

adult patients has not been well established. Con-
scqucnﬂ}r, the primar}f nhjc‘cti‘w_' of this randomized
study was to demonstrate the noninferiority of an
axial scan protocel 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. PEOTECTION-IIT (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
coranary CTA for suspected coronary artery disease
at & study sites o either prospectively ECG-
triggered axial or retrospectively ECG-gated helical
dara 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
C'T' system were eligible for this study.

Image Quality and KEadiation Exposure With Prospeciively ECG-Triggered Axial Scanning for Coronary CT Angiography

ABBREVIATIONS
AND ACRONYMS

Exclusion eriteria were known coronary
artery disease, extensive coronary artery
calcificarions with an Agarston score
equivalent of =800 U (if calcium scoring
had been performed), cardiac CTA for a
noncoronary indication, and non-ECG-

axial scanning, also known as “step-and-shoot” or BMI = bady mass index
“sequential scan mode™ (7), has been introduced as
an alternative scanning technique to standard heli-
cal (spiral) scanning with retrospective electrocar-
diogrraphic gating with the intent to decrease coro-

nary radiation dose on CTA. With this technique,

LT = computed tomography

CTA = computed
wmagraphy angiography

OLP = dose-length product

ECG = atactrocardiogram

radiation is applied only at a pre-defined point in
the cardiac cyele, rather than r.‘luring the entire cyele,
which may reduce radiation exposure by approxi-
mately 6086 to 809 (§-11). Although its use has
been inereasingly 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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triggered or non—ECG-gated coronary

CTA studies. The study protocol was approved by
the local ethies committees. Written informed con-
sent was obtained from each patient before enrol-
ment in the study.

Study design and coronary CTA. Puatients were ran-
damly assigned to an axial or a helical scan prorocel
by means of séaled 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 Healtheare, 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 recorn-
mended to obtain heart rates lower than 60 heats/
min. Coronary vasedilatation with the use of oral
nitrates was also recommended, Before randomiza-
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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 instrue-
tions regarding the scan protocol (axial or helical),
were opened. The use of a reduced tube potential of
100 kVp was recommended in nonobese patients,
defined as either a body weight <90 ke or a body
mass index (BMI) <30 keg/m?. The study protocol
recommended leaving all other scan paramcters
unchanged. T'he 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 axaal
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 diseretion of the investigator.
The study protocol required thar 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 endpoints 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 maguetic resonance
imaging} and Invasive coronary ang‘ingraphy
within 30 days after coronary CTA was assessed
as clinical endpoint. The follow-up protocel afrer
coronary CTA consisted of a telephone interview
at 30 days.
Data analysis. 'T'wo 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 darasees 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 derail
elsewhere {6). In brief, each coronary artery (lelt
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
maodified “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 mraininess (mottle) and/or motion artifacts
(Fig. 1): 1 = extensive blurring (reliable asscssment
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, Tmage noise, ,\:ign:ﬂ—'ro—nnisr: Ta-
tio, and contrast-to-nolse ratio were quantified as
objective image quality parameters. All measure-
ments were performed on reformatted axial images
with a shice thickness of 1.0 mm to allow compa-
rable measurements between different CT systems,
Signal intensity was derived from the mean CT
attenuation values (I ounsfield unires) averaged from
2 circular regions of interest {size = 7 mm-) in the
proximal segments of the left and right coronary
artery lumen, lmage noise was defined as the
averaged standard deviations of the CT attenuation
values within these two repions of interest. The
signal-to-noise ratio 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 C'T attenuation values of the proximal
coronary arteries and the mean density of the left
Lateral ventricular wall, which was divided by image
noise.
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Score 1: Scoare 2:
exlensive medium
blurring blurring

Figure 1. Examples of Different Blurring Scores

Bepresentative examples for the different blurning scores, The examples show curved multiplznar reformations of the right coranary
arteries of different patients. (&) Extensive blurring, (B} medium blurring, [(C) slight blurring, and (D) minimal or no Bluring.

Score 3: Score 4:
shight minimal

blurring or no
blurring

Estimation of radiation dose. The study investigators
obtained the parameters velevant 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 (2 = 0.014
mSv + mGy ' - em 1) is averaged between male
and female models. This weighting factor is
considered to be derived from the most self-
consistent and reliable dataser (18),

Statistical analysis. 'I'he objective of the study was to
assess the noninferionity of an axial compared with
a helical scan protocal. 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 pewer 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 treatrment
arm). Sample size caleulation was performed with
nQuery Advisor (Statistical Solutions, Cork, Tre-
land}. The analysis of primary and secondary end-
points was planned to be performed on an
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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 # tests and chi-square rests as
appropriate. Differences in radiation dose were
analyzed using the ordinal Wilecoxon rank sum test.
The R ]anguagu (R ijm:r for Statistical Cmnpu:—
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 Bonferront adjustment was made
for multiple comparisons, with 2 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 cach 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 of 1.70 = 0,10 m, the mean BMI was 259 * 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 duting CT data :it:cfuiﬁitifm,
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
scanming, p = 0.003). There were no significant



Table 1. Patient and Coronary CTA Characteristics

Height (mi)
Weight (kg)

Body mass index {ka/m?)

Beta-blocker adminlstration before caronary CTA

MNane
Oral

Intravenous

Heart rate (beatsfrmin)

Scan length {rm)
LT systemn
GE
Philips
Slemens

100-kWp tube potential

17

Axial Helical
(n=2000 (n=200 pValue

B 1705010 169010 0368
55+ 143 750+154 0727
25934 26,0 4,1 0787
0.488

46 [23.09 a1 [30.5)

96 (48.0] 90 [45.0)

58 [29.00 E0145)
530+61 S556T55 0003
135018 127428 0,002
0,850

63 (31.5) 62{31.0}

69{34.5) 74370}

66 {34.0) B4 (320}
67 (33.5) 653315} 0.p64

Walues are mean & S0 o n ()
CT — computed temoomphy: CT4 — compured tomodraply anaiography.

differences between the groups in the use of a
reduced tube potential of 100 kVp, which was
used in 33.5% and 31.3% 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 = (159 in the cohort scanned
with prospectively ECG-triggered axial acquisition
and 3.37 £ 0.59 in patients scanned with retrospec-
tively ECG-pated helical acquisidon (p = 0.866)
(Fig. 2A). Diagnostic noninferiority of the axial
scan protocol was demonstrated because the lower
margin or the 2-sided Y5% confidence interval of

0.11 of the difference between imuge guality
scores did not cross the pre-defined noninferioriry
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). Tn 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 [or 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 iumage 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 wdal and helical scan
technigques (3.22 & (1,32 vs. 2.92 + (1.70 for axial vs.
helical scans, p = 0.287). Similarly, no significant
differences in image quality grading score were

- D.EEE

T il

P 0,000

[ ralical

Figure 2. Image Quality Score and Estimated Radiation Dose

1A] Image quality score and [B) estimated effective radiation dose in the prospectively electrocardiogram-triggered axial and the retro-
spectively electrocardiogram-gatad helical coronary computed tomegraphy anglograply scan groups.
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observed between the different CT systems and
manulacturers (Fig. 4A). Finally, no significant
differences in image quality grading scores were
observed between axial and helical scan techniques
between nonobese and obese parients (BMI < 30
kg/m?: 3.37 = 0.59 vs. 3.40 = 0.57 for adal vs.
helical scans, p = 0.593; BMI = 30 kg/m™: 3.28 =
0.59 vs. 3.20 = (.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 = 131
mGy) than for the helical scan protocol (53.5 =
28.6 mGy) I:P <2 (L0001). Similarly, the DLP was
significanty lower for the axial scan protocol (252 £
147 mGy - cm vs, 802 = 419 mGy * cm for axial
va. helical scanning, p < 0.0001). This corre-
sponds to a 69% reduction in estimated effective
radiation dosc for the axial scan protocol (3.5 =
2.1 mSv s, 11.2 = 5.9 mSv for axial vs. helical
scan protocols) (Fig. 2B).

Tna .*-;11[‘1g1‘uup un:.ﬂyt;is of patiems scanned with a
100-kVp scan protocol, DLP and estimared effec-
tive dose were reduced by 72% with aaal scanning
(DLP 160 = 91 mGy - cm vs, 564 + 280 mGy -
cm; effective dose 2.2 = 1.3 mSvvs. 7.9 + 3.9 mSy
for axial ve. helical scanning, p << 0L0001 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 mG]; - om tor axial vs. helical scans, P o=
0.0001, and BMI = 30 kg/m?®, 267 = 138 mGy - cm vs.
900 + 480 mGy - cm for axial vs, helical scans, p =
0.0001). Radiation dose reductions with waal scan-
ning as stratified by different CT svstems 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 coromary
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 parients
were studied using invasive coronary angiography.
Consequently, the rate of downstream testing did
not differ significantly berween both groups (13.8%
vs. 15.9% for axial vs. helical scanning, p = 0.553).
No significant differences in image quality score
were observed between patients with and without
need for additional diagnﬂ:itic testing (with addi-
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Flgure 3. Curved Multiplanar Reformations

(A) Coronary computed tomography angiography (CTA) acquired with pro-
spectively electrocardicgram-tiggered axial data acquisition in a patient
{height 164 cm, weight 70 kg, heart rale 47 beais/ming on a Semens Defink-
tion scanner. Applying a tube voltage of 120 kY and mube curent of 371
refmaAs, the resulting dose-length product was 257 mGy - cm {estmated
effuclive dose 3.6 m3vh, (B) Coronary CTA acquired with retrospectivaly elec
rrocardiogram-gated helical data acquisition in a patient (height 1F¢ cm,

a tube voltage of 100 kY and tube current of 360 ref.mas, the resulting dose-
length product was 288 mQy - om (estimated effective dose 4.0 mAv),

tional djngnnﬁti{: testing, 3.40 & 0.46 vs. 327 +
0.54, p = 0.354; without additional diﬂg‘m}stic
testing, 3.36 = 0.61 vs. 3.39 = 0.60, p = 0.608) for

axial versus helical scans, respectively.

weight 33 ko, heart rate 53 beats/ming on a Slemens Definition scanner. Applying

Tehle *. Results on Image Quality and Radiation Exposure

Axial Helical
(n = 200} in = 200}
| Image guality score 336 £ 059 337 -‘_0.59
Nandiagnostic image quality due 1o
Maotion la g0} 2001000
Frcessive calcification {200 2010
Stair step artifacts S{25) 1 {0.5)
Cthers 110.5) oie
Biurring score AT L 07E b e o -
Signal intensity (HU) 412 =132 412113
Image noiss (HLU) 277 £ 152 247 + 178
Signal-te-noise ratic 173=77 19074
Contrast-to-nolse ratio 13065 144+ 0l
CToL,, Iy} 185 % 13.1 535t 288
DLP {mGy - cmj 252 = 147 202 =415
Fffective doss estimate (mivl 3511

114 £ 59

“aluas are mean + 50 of n W)L

T,y = wolume computed torographic dose indes; CLP = dose-length product; HU =

wnlts.

p Value

(LAGEH
0.203

0452
0.549%
Q073
0021
0025
200007
{1,000
<0.0007
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1

GE Phillps

Siemens GE Philips ~ Siemens

[ axial B helical

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

payed accarding to the computed tomagraphy (CT) system manufacturer. The study included predaminantly 64-slice CT systems: GE

(A} Image quallty scare all p = n.s) and {B) estimated effective radiation dase {all p < 0.001) in the praspectvely electrocardiograrm-
triggerad axial and the retrospectively electrocardiogram-gated helical corciary computed tomography sngiography sean groups dis-

and Philips {7 scanners used a single-spurce configuration, while a dual-source configuration was used with Siemens CT systems. |

DISCUSETON

Within the past fow years, a variety of strategies
have been proposed to reduce exposure to iomizing
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). Tt 15 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 1s feasible
without compromising diagnostic image quality,
when the prospectively ECG-triggered axial scan
moe 15 used. In retrospectively ECG-pgated helical
scanning, x-ray dara are acquired throughout the

entire cardiac cycle with a continuous rotation of

the puntry 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 evele, 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 zoaxis 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 techmique for corenary 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 berween 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 C'T scanners. Furthermore, the study
identified similarly low rates of downstream testing,
sugpesting 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
poteatial 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
technigque may be effective in comprehensive dose
reduction strategics,

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
pauents. However, numerous smaller single-center
studies have studied the diagnosuc accuracy of
prospectively ECG-triggered axial scanning (13-
15). A recent meta-unalysis included 16 of those
studies, with a total of 960 patients (22). The
average BM1 was 26.5 kg/m?, and the average heart
rate was 57.5 beats/nun, which are both slighdy
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 C'T scan-
ners. This limirs visualization of the coronary arter-
ies to a single, pre-specified time point of the
cardiae evele, usually in mid-diastole. If multiple
phases of the cardiac cycle are needed for the
assessment of the coronary arterics, 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-
tve adjustments of the reconstruction window,
potentially reducing cardiac motion artifacts. How-
ever, 4 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 aequisition window as
short as possible (24). In the present study, the
length of the data acquisition window, which was ar
the diseretion of the CT imager, was not recorded,
prohibiting us from performing further analyses of
its impact on image quality grading scores.

As peinted out before, it is eritically 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
corgnary arteries, while exuberant radiation expo-
sure may improve aesthetic image quality with
reduced image noise but without gain of addidonal
diagnostic information. The present study demon-
strates that the use of the prospectively FCG-
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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
is 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 C'T' systems because of the higher
temporal resolution of dual-seurce T 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
stucies 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
t4-slice scanners, and newer scanners with more
detector rows as well as other radiation sparing
techniques have become available. Howewer, the
investigated prospectively ECG-triggered axial scan
protocol is also applicable an these newer scanners.
In fact, current guidelines on radiation dose for
coronary CTA recommend its use for all patients in
stable sinus thythm with low heart rates, irrespec
tive of the CT scanner configuration (24).

CONCLUBTIONS

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 6%% reduction in estimated radiation dese is
achieved compared with retrospectively ECG-gated
helical scanning. Consequently, the prospectively
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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 ulamate goa,l 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 ventriculot-
amy for posterior infarction ventricular septal perforation
2 days after acute posterior myocardial infarction in a
T3-year-old male patient. The sealant BioGlue was applied
to the space between the two patches instead of gelatin-
regorcinol-formaldchyde biological glue. The postopera-
tive course was good, and the patient was discharged on
day 24 aficr surgery with no recognized residual shunt.
Keywords Ventricular septal perforation - Sandwich
lechnique - Raight ventnculotomy - BioGlue

Introduction

Despite improvements in operative technigue, surgical
repair of postinfarction ventricular septal perforation (VSF)
continues to have a high mortality rate [1]. Especially,
posterior infarction VSP tends 10 have a high in-hospirtal
maortality rate. Several studies have also identified posterior
Y5P location as a risk factor for high mortality rate duc to
difficulties in surgical exposition and repair or due 10 ele-
valed incidence of right ventricular failure [2].

We performed the sandwich lechmigue via right ven-
triculotomy with BioGlue (CryoLife International Inc.,
Kennesaw, GA, USA) as a sealant between the two patches
for posterior infarction V8P,

K, Higashi (B=0) - Y. Matsumura - F. Yamaki
Department of Cardiovascular Surgery, Nagano Chuo Heospital,
L3700 Mishitsuroga-chi, Tsuruga, Nagann 380-0814, Japan
e-mail: hei_lichi_besehends @yahoo.cojp
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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 I I, aVF, and ST
dropped in lead T, aVL, and V1-5. CPK (2485) and CK-MB
(202) were elevated. A diagnosis of acute myocardial
infarction (AMI) was made.

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

Systolic murmur (Levine LY was heard in the fourth
intercostal space at the left sternal border 2 days after
catheterization. Echocardiography  showed an  &-mim
posterior WSP (Fig. 1). The inotropic drugs dopamine
and dobutamine were initiated, and an intraaoriic balloon
pump (IABP) was inserted. The patient’s hemodynamics
improved after insertion of the TABP. Qp/Qs was reduced
from 3.6 to 2.5 (shunt ratio 0.72—0.52). Emergency opcr-
ation for VSP was performed 3 days after onsel of
SYmploms.

Standard 1otal cardiopulmonary bypass and moderale
systemic  hypothermia were established with  bicaval
drainage and ascending aorlic canoulation. A venting tube
wias inserted into the left ventricle. Cardiac arrest was
obtained by antegrade cardioplegia. The right veniricalar
posterior wall was largely infarcted. We approached the
lesion wvia 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 seprum (2 em » 2 cm) (Fig. 2). The interven-
tricular septum was also largely infarcted. We prepared one

I REEER Vol 6



Poslerior ventricular septal perforation

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

Fig. 2 Right ventdevlotomy was performed on the posterior acule
marginal branch. We obtained a good operalive view compared to left
venlriculofomy. The site of perforation was identified at the mid-
portion of the interventricular septum (2 cm = 2 cm)

left ventricubar palch (L-paich) 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 o the left ventricular septum with interrupted
pledget-supported  3-0 polvpropylene matiress  sutures
through the VSP hole from the left ventricle to the right
ventricle. The posterior side of the parch was sutured once
out of the free wall side, and then sutured on the ventricular
side. It was necessary o anchor the sutures on a Teflon felt
pledget applied to the epicardial surface. After suturing of
the R-patch, all the mattress sutures were lied gently.
BioGlue was densely applied to fill the space between the
L-patch and R-patch (Fig. 3}, The nght ventriculotomy
was closed simply over two strips of Teflon felt. Cardio-
pulmonary  bypass  was  lerminated  withour  difficulty
and no residual shunt was detected on transesophageal
echocardiography.

2013
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Fig. 3 BioGlue was then injected into the space between the two
patches. LV left venmmicle, RV dght venuicle, L-parch left ventricular
patch, R-paich right ventricular pawch

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

Discussion

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

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

The sandwich technique was proposed by Isoda et al. [6].
The same technique is generally called the double patch
techmique 1n countries other than Japan |[7—9]. On the other
hand, moedification of Komeda's exclusion technigue 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 lechnigues [10]. Furthermore, some studies assessed
the effectiveness of right atrial or ventricular approaches in
posterior V5P [6, 11, 12],

We performed the sandwich technigue for posterior VisP
via right ventriculotomy according (o the method of lsoda
et al. because of the ease of controlling bleeding and
obtaining & good operative view compared 0 left ventric-
ulotomy. In posterior ¥SP, right ventricular function is an
important risk factor for in-hospital martality [10]. In the
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Fig, 4 Computed tomography on postoperative day 11 showed that
BioGlue united the ventricular septa and two patches in the same way
as GRF glue

present case, right ventriculotomy of the posierior acule
marginal branch within the infarct area allowed removal of
the infarcied myocacdivm, and good postoperative 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 left and right
ventricles using scparate thread. We used a single thread
through the free wall and Ged inside of right ventricle.

[n general, equine pericardial and Dacron patches are
wsed for both lelt and night ventricles. In this study, we
used @ Hemashield patch for the right ventricular side,
which would provide greater strength. A flexible equine
pericardial patch was used on the left ventricular side, as
the pateh must be ingserted theough the VSP into the lefl
ventricle.

The sandwich technique is generally performed using
selatin—resorcinol-formaldehyde (GRF) glue (Pharmacie
Centrale, CHU Hopital Henri Mondor, Créieil, France) [6-
9]. However, as GRF glue has been suggested to be a risk
fuctor for possible toxicity, we used new hiochemical glue,
BioGlue, which has recently hecome available in Japan,

BioGlue has widened the ficld 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 [or V5P although it is not covered by health
insurance as il has been used successtully for VSP in
several other countries [14]. Postoperative  Compuled

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
vig (2] night ventriculotomy (3} using BioGlue instead of
GRF glue at the posterior VSP. This technigue can he
considered an effective means of acute-phase closure of
V5P,
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