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ERE Y, B Y | Nee Scze Khoo?
1) MERERZE/NERFHE
2) 2) Department of Pediatrics, University of Alberta.

(&) AE=EARIERRE (Hypoplastic left heart syndrome : HLHS) (233U T, ME—DIEEEL C
WOHBREFRTHDL ZRIFOHEREIT. TRICERREEELEX LR TFDO—>Thd, BIEET
HLHS DR EFPITHRL ZIRTEB EHEAWT, i, FimomiE, RO HEMA~OHM
F OV S ~DZER| DFEFE72 & | Kk % 7B RE D B AR O TE T, TEER 2SRk T,
BERERIEIE S PASHA IEA TS, ZROREFEMICINZ T, RO HIFHESLCAN REDF~D
& 72 A ORI ZATO LT ED FOMRER 24 T E 2 E R O 3 AH T
WD, LINLZRIRE ZHDOREE J)FRIZR AR OFAT X, BIfEE T HLHS Z& e RIE LS
DRBEBEFITH LTI T TR,

[E#] HLHS (23T =55 OfiE /1 PR 72 A Ol ATV, FriRe A Lo r 2 g i 5
HZk

[FIE] R8T 1 D 3 O 74+ 20 Flitk> HLHS BFE 70 44, BE iR [E33 ©
Matrix X3—1 % L<i X7-2 probe (Philips Medical Systems) % V>, #&MokE =k ol 5 I & i T
#1719, E D% TomTec & HWVTEARM 2T — X IMEEI T\ fRIT O Wl 235,

(AT R HIE R M EE = ot 2 H -7 — 4T, HLHS O = RFpOHERE I F AR D
FEAT A3 ATREDNS 202, BAETL CTELS 2,

[ZEE R TRlE, mEIT T2 HLHS O = R0 =R ICHEE DO FRATH,

No tethering
A No Prolapse B Tethered TV C Prolapse TV

AN

4

L
o

B e O == B W
Deviation from Plane (mm)

Deviation from Plane (mm)
o
o

|

w




RABR 7557 — &2k 5 3 IR VFM O EBIC AT -3 E F 0kt

Eamt
B ERFRFFE TR

Vector Flow Mapping(VFM)(%, BEEE) & 105 EE O SRS CODR T T 7 — 40, R
FUETEHISNDHE AT AT DR E Ry e E 228 T, SN Ot A rl b3 54
T CdD. AL, 7602 Rl 236\ VT 281t 32 M)t o0 JE8) )3 i PN O Sl & 2%
L TUNENWZEEATHREL TS, UL, DB IEEREIZ XD, ZORMHRD D LI 720 E Bl 17
ETHEEZOND. ZZCTHAIIRT T — bl % 3 RTTIZFAEEE T 2RIV TR
Uiz, ZE0ERIZIVNT, Bl T 1010 ) AFLS R 7 M O E S ABLIZ L L TSN SN
x5 ELIZE 5T, Navier-Stokes H 2R EEH KD EE DV THUEFHRZ1T). BILEIE, pe-
MRIZ CEHUIES IV MfEE SIS W TR R 757 — 2 & ERIL, BR U 1E%
ATz, SENTEHREFEORIT EBLROMEIZ DWW THER T 2.
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ERFRAE DNEEED, SNFETF, T B, PaFHFHE, REEE
FERFRFER BB TEN B TFHER

[ B BRI I Z B W TR DT RS0 W ax 72 B L, EXRFHANC X Az %
179, F2, OCT IZEDFHAIB L O R a b —var b gL BREHIOFHGZ1 T,

[ 51k )0 2EmE A AaA AT BT Z . 7= BT NI D A CHUEEE 266 L 7= 7 & i il Cliti7-
L. R CIRER ST, WAL oD 22N | AR TER AR LTz, 2% ZEMRIZLD
EREHEFIRC OCT CEME D A fHoe Lo (FIIZ ), FHIE 7RI~ U 200U EEE
FOs% 18 | GHAUF LONMIEIEER 244 T Uiz, B0 O MR &\ -4 BRI KT
2T T E MBS e a B A CHEB LT,

AR HER: BROONZT VA X I, 2 aa*’ﬁF'EJ“C:iZxﬁ?i%ﬁ@aa’:xﬁﬁﬁﬂﬁ%%%ﬁﬁ
T2, o, AR E KVRESE 57280 lE O ERHAa 272 L0 RELZEGRFTL T
Do

-OCT:Optical Coherence Tomography, IT7RAMRA FRH L, Se FUHEEF L CRUBL O Wriki %
Bse 3D HE

[P 2b—2ar]O: KB LOMmEOESFHEEL KD D, @: O THIAEE IV, 27 ZE
U MARDNE RS DE T VAT 2,

[#E R VEXEHADOMHEDOZAGIZ N, OCT IZB W THEHRIZZE LA A bV, FEERHE T1%, OCT
FRIZ RO DL FEROTEIRO Mk B 1 TSNz, FERRET 12l —a BN T,
MARTERUT JO B RFFED FRRICZ LT 52D VRENT,

m— Tube

— OCT imaging area
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B KB REEEICX T3 TEVAR OB EDETFHICBITS

computational fluid dynamics D& FtE

ANEST O, BFRE L, PAHEFRE?
1) BHIRER KEZEMBIW-FEE 2 — DigiE s F
2) LB TERY ERERTEMAE

[ B B9 &M R EDARAZEE L 2%~ 5 A7 > ME#E (thoracic aortic endovascular repair: TEVAR) Tl
{BIE AR DMS OV RENRDI G/ N DIEBFIAND— 7 | Ii#e KENIRIL K2 23 2 5E 5 %Tﬂ“ﬁ‘
%o 1@ RENARAZREIZ K92 TEVAR ERufa 551, 164D CFD fi#fTa e T L7,
[6F5 PEFIZ 67 it 60 milFlcatt A BURBEARIEL . BT REVRE BN E Sz,
FO THBT FATRKEIIREET 38 mm 7°5 56 mm L K L7-728, F#§AYIZ TEVAR Z1T-o7,
TR LA 719112 3 T PC-MRI & 3D-CT 2 %, & AfEHT~7 h (SCRYU, Cradle Co., Ltd. Osaka,
Japan) |25 CFD fi##fraAT\v >, TEAVR AifR DOOENE - (41 ML iR O Fi k@ KB REEE /) 4>
Mz FHHR LT,
[# R ITEVAR Hiio> CT ATl KEMREIE AT OFE - (APEEIT 13443 mm THY, FATK
RN primary re-entry 2588 , B REIR 2512 re-entry 258872, TEVAR FElifi 2
WH%RO CT M TIE, REREKRBIIITATE L L2 T3 AT MR ERO R Ak s E
PR (ELIPE 19 mm-fA41P2 37 mm) 23872, CFD #& 5% : ORI O WA CTlid, EFEN O M
BT —E Tl BIRAEH CHOMEMRIK LT 2.9m/s & EH LTz, AFEN TIE R O
primary re-entry 7O A A~DNAITIED slow flow & FRD 7z, 1% OWEHENT CTld, BEEK
DRELHY | BEPEN O e KM PEHE S 1.4 m/s LD L, Mg/ NUTABREN TIERE I DO
F IO A MBlEES Tz, @ KEIRIEHZ 100mmHg SGE L7z L D E /FHE T e -
T RENR~ A U7z P AT REIRIE G IZ2NT T 99mmHg %8 % % )\ OVEEE 28 e P L 23R
D BPEREEIXEREREE LV ER LUz, I OBPEEE 3R 92.9mmHg S LTz,
Wit% 2 - H O CT M Tl FATREMRITA KL 52 mm S/ L, B {4248 24 mm-+28 mm
EEEILR OB TEFRD T,
Utiam 1 A7 > MG E IO R AR PAZEDN S DIV AIERI D CFD f##T Tl TEVAR #% F31ICHE
KUTE FAT KRENROBE A 2786 | ZAUCHA B L TR o KBRS st Sz,
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[#55- Byl

SWITO MGEARNTIZ, M NOFERZRRNIGE MDD LN TE RO MBI 0T
HNZHZTHD, TOBE, BEOMEE—IREE U THNTT 5283 #LL EBICIEEH 3558
B DEEDIHEATIZEN 12D, LTeh o T R FMERMEL72D, BRSO AE D]
ELTUE, A MIROEE /AR LB U B T A O E 10355, NS EfBEERIE T 52
LIZREECTHY  Z<DEE—HOT —HLIESITELT ATOND HIETENERDDHE
DR 725, SHIZ, I ORI EE DI, BUROHE CIIZe PRIV A 54
IR ZNBDBERITES EBELELR, LI TL MIE BT D4 1% DA% RIA LT, HIE
LSO FIEZ KOS AW E T DL —EDFTFER DD,

RO M E R L2 MR OEE DR BN HFTES TS, b UIIE O i iuEzo
L7/ N ST DR CARFITIIRA 5D ZELTER, ZOIHRBLENDE X | MIREREIT RO
BIRREIZ A2 > TND VI E Z DT EITIT— EDZ S NS D, 2T, FIRCT B D,
B2 ONDEIEN LB RET DIIREN M ELZE AT D HNET D,

[771]

B IR HRT L CLL F O FIE TR Dk =34 R d 5,

LATE OB RS2 - C3R T IR 217,

2. 3R TEIARFENT THFOLNTE R A S L TRHIS T 24 ESRIE T T VAT 5,
SETEHIAKEET VO OBERE N4 Ry VBT VERLE T 5, ZAUZE0IE o
N LLRED N A & T E IR T L 2 EE T 5,

4. RERIZ IV DI RN I R 72D LXK BNV ST A—=ROREFEEATHIZE T,
T DB SRR AAEL

S5HTLVERE T 3 IRTTDFHRZATV N, Bilc2dt A RISV T 2. ~RD,
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AT VIARERZELE B LUICEBGERRE O EAMREIZRITS

18R ORI T8 He(FFR)HE B DR A

TR R AR
HERFEFEIEREGNF

I 28 OVE AR 2 Cl3O i i T0i EL(FFR: Fractional Flow Reserve of Myocardium)i 339
EEIOMEAEADHDFRNTERL TR MR G RS BRI E ORI E RS LI TH D
ESNFEAT A FFR Gradient DA ZITHLOWE DD, I iFR 258 LR EER)O )
M OB S LT H ST D, iFR Z WD EONEANER A ABLER A DR % D iFR X
fEHIZ TRl TELEEND,
AREFFED HIIL

(7) A7 > b FFR Gradient Z 1K L7285 28 OV E AR 28 COIRPER T E H %

175Z&

() EH L= TPRIRE R F T AN TRHEET S

(V) BHLZ PRIXZ R T — 5 CHRGEEd 2
THY, IBFHHE D FFR M EFK T PRI RENZ G528 Th D,

Tandem Ji5 28 COTEE LD FFR FlIE Bryune HOEH L7235 44 THDH N A JETE LiE:
R TELIDNICTHE
FFRy,.(1 — CFI) — CFIAFFR
1 — AFFR — CFI
L%, ZVEAT MNTERR 5% FFR #2358

FFRypeq =

FFRy,.(1 — CFI) — CFIAFFR —AFFR'(FFR,,, — CFI) @

1 — AFFR — CFI
&7¢% (AFFR: FEHJJZECO AFFR, CFL: Pw/Pa- b BhIRFAA L, AFFR’: AR TE# % FFR),
AR L L C Tandem Lesion DV5HE1% FFR O PRI LRI UL M1z T U A E# S 1L M7
BT DEVHI S A VT,

FFRa—pred =

EFR(D), QAT T AN 0=50) % O IR T —4 (n=67) CHRAEL 75 RAZ DWW i Tl
%—;—60
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4D flow MRI % W\ 7-AEE 7 T O MR B AR IZ )T DR B O R

AURT D ARBE—? B FD | ILFET D  AOERD Mg |

BEEh FFER D | MUAHAD D, RIK D, REERIT Y, EARE Y, IWH B HIREEY
(il o SN /N

1) FENLERREREGE AR D E S F

2) FERLERRFRFFLE LR MR E S P i FART B

3) WEN L EFRRFRFBLEFENT AR OB

4) Cardio Flow Design Inc.

(75 5L VIR F AR AT (MVP)DBEIZY w7 R0 8 Rff LA A T A %, MVP 14 O I B RE
AT 27 NSARZ LD MR HEDE I DI TV,

AAFFETIX, MVP £ D/ N MIEENREZFEAN 3D L EB MBI AT 2 S R A Al T L7z
Yt &V TR LT E O it EhiEOFEEZ DT 5282 BELT,
[ D735 15451 21 1], MVP JE] (CG Future Band (B &%) 7 {51, Physio II Ring (R £f) 5 #i)IZ 4D
flow MRI Zfif TUTz, 7 28 RE Jo OV/E 28 L KERD I it Eh &, — /L% —$H K (Energy Loss:
EL)Z 3L | S LD ik & & OF /S A A FIREO FHEEFEIZ DWW TR L=, A T
i D JE PR ClImes DELINAFAE T A728 |, EL FHUINI A2 R AME WD IRl 36 L OV D JE
FH ORGSO ELE RO 2 R DIEN(LVEL) D A b A2 3 - KENIR(LVAOEL) TRt L 7=, F7-/8
Y H LR~ D R A T3 57201, REMIRIP RS DO UHE ] S SRR D o (AoD ratio) 3 LY
REWRIABO M3 HEHA L7 KBRS DA 2058 1 AR AL EOAT Z7EAfi L 7=,
[ R IMVP JEFITIHE, SRR ASNCAE RIS TE MR FI LRI T, %92 FEbic
K&EL, BTRMOMSFE 2 A /R T /=, LVEL 2041 B CTHRU/ZE (LVEL /CO)b fi
H B LR EE T oo 72(P<0.01), DR F- A S G CUIan 2 M O 1 0 B 4 BE QN AR
L. BRI A D5, MVP il IR SN O Wit 23 B o S A E LB it & 25 1 %
FONTRAADBIDFAEL T2, Z DBFIT A LA dimo 7 A A4 AR A TERL7ZE (IROA)AVIN
SV MER CHRAIZEESE THY, LVEL/CO 23 EfE% 7~ L7, F72, LVEL LfEHEFR 0 mean pressure
gradient |ZFHBIL TV 7= (1=0.63, P=0.04),
Vo7 LN RO IZ B TIE R BECIE B BRI HL L TUUHEIA O KBRS RO ILIE S A+ 5372
171538 57 (AoD ratio P=0.10)7%, EOAI 134 EIZ B #ETREIEZ R LTZ(P=0.04), 2 #EHIC
LVEL 310 LVAOEL |ZA B 21T o7,
[ 3 MR I AT L 23O TR o 1) & 721 T BRI LR~ D B A BT 2 Z LN EE T
SO FREMEN RIR STz, A% | ML DT/ — 48 IR0 R OBRH it/ 2 — L 3 R 7
BICKINET R LT T 0 EDRHD,
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4D Flow MRI % W=t i Bl Rt D72 55 N M JR fEAT

fREEDTIR D, BIAREREA V., SRR 2, IATRA 2, Bl 2, HEES 2,
B fHE—ER Y

1) BABEMKZENBIREL BN BRF

2) AARERKEN BRI

(%

]

JitigeE |2kt 2D ANEH T & LU CIRBEBIBRD A TS D, O MSECIBRTE DO EHE /G PHELL Tl
BB IMAR I HL K] 3~ D ZEAR A ZE DAL T 5, T ZEARVENNFRZE IR IR F R LR <RI
TV, BERICITA EEEDIRM(LUL: Left Upper lobectomy) & o5y B A 7RI 9~ 2 45 )3 i 17,
ID, ZOREA B ATRER AR E SN T O —DIXE ENSLE EIMERIR(LSPV: Left
Superior Pulmonary Vein)#riii TO g D> i T D,

(QEED)!

4D Flow MRI Z VT LUL BELAE T FHRECTLEBEN MR DO ST OF L LAV ZHIENT TS
[5i£]

KT, LUL BE( B2 C LUL ff7L72 6 B, OB /AN IfAsE 4 Bl s EREGR T 747 7
N), 4D Flow MRI (& voxel Resolution = 1.7 * 1.7 * 2.0-3.0 mm, VENC (& 50-150cm/sec @ dual
VENC, k-t PCA @difRfgitz T 10 2 RREORGE LT, SEFIZ LI LSPV OEFEWNIRA
HRA G e /K W HE (Upper) & . L BAMNZ oD i ARG A 2 ifﬁb\i5f£20®7kﬂzl!ﬁﬁ
(Middle, Lower)D 7t 3 Wiz & Y, 22O Wi C/EFENIZ B D2 3% E Uiz, BULE
N TR M IR (2.3cmisec LL F)D (5 % EA % SFA: Slow Flow Area(%)& 7=, 3 i o
SFA DR E L . LUL FE A5 B CHR L7z, 3 Wit T SFA DF/2DIZOWT, %
AEIU LUL FEN, R B RENIC W TR LT,

[ 2]

LUL BEIZIW T, fs REE LRl L C SFA LN E BISE Do T, i EFETIT upper,
middle, lower OWrH T SFA OZEALIZ72h -7273, LUL #E Tl LUL Wiz & 30 Upper #8335
T, Middle KUY Lower fEE & bLiE L C SFA 23 B2 m< | S a0t G L O MBI R S
7

(B2 -Hhm

LUL #£ Tl LSPV Jit A5 T O FE N IR F 23T TOD RGBS o7z, LUL JEfT
# O FEN AR LSPV Wi AR DO ARIZIL, 2O MDA 5L WD Al EMER B D,

HJBH

”ﬂ
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RITEE LA 2R 42 O A2 98 & ORI 381 T DR L L3R BB iE IR B R D AR T

EREF O, & BRI, REHF O BE O IR, EE B, L HRE Y,
F)ESF D, JBITHEAN D, ERIEZ P | RIRFEAY

1) BBRENKEHEERE S — D 0 - BRAF

2) BHER KT ARERE 7 —EREBNF

3) (LR AT ZERT R B R B

[ 5 12 BT T4 R RO D FESEIE ORI A OHE T D, TOIRENOIMFIZ SOV TIEIN
FCIEMER RN T IED 2B RN HEA TR, I8 72 SRR AR B S E G T, £ A
B IIA I FALE/A> DL, SSHIZHIRB(E/AS2)IZ/2 D78, 1 RIE A DR DA FEZEIE D —HB IS
FERYLERMEN B CTHDIIH OO T, AR A B sz EER(E/A< DEZEL T
DHIDE D, Z D EOTRERI D LR R DA B I i it 2 A DIE B 23 2 1TZHETIZ 4 4
FEERL(K A), ZDH5 3 FIA 6 > HUNITLA2EE LT, [ BRIIARBIZED B IL, A=R%E
A D HIEE LR FEZE B OB O L HRIR R O MATENEZ | B LV Ol I modality
TiD Vector Flow Mapping(VEM) & 7 — T VAR IC > CREMICIRRTL . SRR BRI D AR
JESERBLG O R 2RI L, Z D T RICOWTHIRGTT A28 TH D, [t 5 1 RiE O i A ZE5E
T, ERANRHERICH DL TS A A0 L7 20 Bllox L Ch oo — Mg A A il 7L 7=,
ZD5%H 5 FlIEZDMD modality TH- ML LA REREL TODICHEIDLL T, 2 E AR
AT shfR S H— T, £z VEM T RE A HHEG OYRE R O A2 RN E%
TARTHDE, JEFHH TIILE BN DL BN TIROENELLDDIZH LK B), £=EE &
PFLCODIERI T, ZZ BN OED @ ERIEHRE N EE T LR TE(K C), [&
LR BROFRAFL CODIEFITIE, ZEEILEARMED LA L TWD7210 Tldied SHICHIFAHE
TSRO LIEE D ML 252 TSR AMTEZFTHIE L, E O cancellation 23
fl& | 2O BILERYENEE THHITHL b, 2R AR 2 sz &
—rHBLZOMBIEN AMR ELTHNLEE DN, EDOIO7ER] TIEAEED RN E LH
FIN, TEARRRIRZIDEHERI ST,

$ figure A ‘

v

*-wm '

<
LA:

.
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E RIZEZE? early-diastolic MR Z 293 DCM O 1 i

W B0, RERHER D, f LS 2, ok B2, BE B, SEETE O, SRR,
R %D, EREN D, EREAD, BPFERD

1) KRERMRFNEFEREF— BERENR

2) RREMRENEFERE Z— FR{ERTa—F—

LV outflow |

MR vel. |

TMF (E?)

MV annular
vel.
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FERHBERBEZHOBRALRME LR EEE D 4D flow MRI (255

Energy Loss H|E

WE b HERE
TR SLER KRG RGN F

SN SRR U BRI - A TENRE DM EAME ChD U TR FE R I LW IR T D, £ D
LI BE O FEIN &R HHZ T 4D flow MRI [ Z&5 Energy Loss O HTEABUEMRFEL T
W5,

PR IR B A D DB SER MR DR BB & %1512 4D flow MRI A 452 LA 052 D Energy
Loss % L7z, &5IZ regurgitation & stenosis TP Energy Loss DFEIEDIE O HARFET <<
systolic phase & diastolic phase (2% 7311 CEHHIL7=,

FIZHEEDL T3 TROHVEEAD A BIOINT T — 2 OISO RIZOWTER T NL TR
RZTATELELFENTT,
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RENREIZ 331D CFD % W BT oW T

BYRR
JR B R FIR e BB

PlEENIRE IS B LSS DRETHL, TRIRIEISICBIL TTEEE T2 BRI,
LR35, — FERER 1L 925 L BOERYZ235 6 6 HV R IR B IR FE IS OB E B 2 &8
%, FEAHNTIIHE R D 2 WNIREN IR 2R FRE IS E LT3, HRTO BIE DI R T ]
INTERONS Z T, BRI NIBENE O T—FHEOmW LS D MBI B\ T
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Introduction

The obstruction of LV outflow tract (LVOT) is independently associated with the adverse outcome in
patients with hypertrophic obstructive cardiomyopathy (HOCM). Based on the signal drop of
magnitude images of 4D Flow MRI due to intra-voxel dephasing, turbulent kinetic energy (TKE) can
be calculated through estimating intra-voxel velocity standard deviation [1]. This value is not much
sensitive to pixel resolution and feasible for 4D Flow MRI (e.g. if the pixel resolution was changed
from 0.625 to 2.0mm, <15% error was observed [2]). The purpose of this study was to clarify the
relationship between TKE and LVOT gradient.

Methods

Patients;, We recruited 3 normal volunteers, and 10 HOCM patients.

MR acquisition;, We performed cardiac MRI including 4D Flow MRI using a 3.0-T MRI unit (Achieva;
Philips Healthcare, Best, The Netherlands). TKE was calculated from the magnitude images of multi-
VENC data combined with Bayesian estimation by using offline reconstruction software (CRECON,
Gyrotools, Zurich, Switzerland) [3].

MR analysis; GT Flow (Gyrotools) was used. The VOI from left ventricular to aortic arch was drawn
semi-automatically. TKEphase is calculated as the sum of entire VOI at each cardiac phase. TKEpeak
was the highest TKEphase in the all cardiac phase. TKEsum was the sum of all TKEphase through the
entire cardiac phase.

Results

The TKEsum and TKEpeak of HOCM group were higher than those of volunteers (107.0+25.0mJ vs.
39.248.7mJ, p=0.025; 15.543.8mJ vs. 4.1+0.6mJ, p=0.025). There was no significant correlation
between LOVT gradient and these TKE values (p=0.203, p=0.556, respectively).

Conclusion

TKE reflects general flow characteristics in HOCM patients and may provide novel flow parameters
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to estimate accurate pressure loss at LVOT in HOCM.
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Figure

(A), 85-years-old female with HOCM. The pressure gradient (PG) measured by US was extremely
high (194 mmHg). However, the

Magnitude map Velocity map : TKE map

TKEsum and TKEpeak were relatively
lower compared with the average
among HOCM patients (73.0, 11.3 vs.
107.0 +£25.0, 15.5 + 3.8 mJ).

(B), 54-years-old male with HOCM.
The PG measured by US was moderate
(46 mmHg). However, the TKEsum
and TKEpeak were relatively higher

compared with the average among

HOCM patients (156.7, 22.0 mJ). The

slight dilatation of the ascending aorta may cause the elevation of TKE, even though the laminar jet

flows at stenotic site.
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