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AoA = Aortic cross-sectional area 3l ik k&% i 1
AR = Aortic regurgitation FzZh kil R ik

AS = Aortic stenosis FZh ks

AV = Aortic valve FZhkil

AVA = Aortic valve area 3zl ikl I 2

CMR = Cardiac magnetic resonance imaging .0 R 4R B4
CSA = Cross-sectional area ##;

CT = Computed tomographyifZ ALk E1T 4

CW = Continuous-wave & £

CWD = Continuous-wave Doppler % %;% 3% &

D = Diameter of the LVOT ZAZZifilEEHRZ

EF = Ejection fraction 5fIfil4) %k

EOA = Effective orifice area HR{fLIHE A

GLS = Global longitudinal strain {4k 52

LV = Left ventricle L%

LVOT = Left ventricular outflow tract Z2.L% i HE
Max = Maximum % K{&

MR = Mitral regurgitation — 2R ik

MS = Mitral stenosis 2RI Pe%

MSCT = Multislice CT £ Ei&HLEHH




AP = Pressure gradient JEJj#E

PR = Pressure recovery JE k&

SV = Stroke volume &4 &

SVi = Stroke volume index &:{#&EH%

TTE = Transthoracic echocardiography % #8750 2h &l

TEE = Transesophageal echocardiography £ 38875 02 E
V = Velocity &

VTI = Velocity time integral 3% J& B} ] #74

2D = Two-dimensional — 4k

3D = Three-dimensional =4
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P 3. vf B = 2 R e (7 P ) 0 L P 1A o JUL (5 161 ) M3 30 2733 J38 ot 2 3 ot J5€ it 2% TR A T A
], BN EAEEGS .

PRV 2 X A A 2 ) AT LA 4 R 0 TR RS AR I, S A
7 25 % 0 i 2 5 0 L 97 G O A o MR T S AR — R R RE IR AR AL,
L B ARAR B AR = I W R EH AR D E AR (AVA) (F30).

VLB SOR D T AR ST FE (B 4) )R d A A2 = i aE (LVOT)
Finjd i 120 Bk A I R A S S 2 B, L, FEIIREKFR SR ST A
Fi B

SVay = SViyor

PRI A A [5) P i) DAY, 308 aed = s o A v B e 5 3 o 3 3 Bk e A R0 11 B A
AN BT LZ T R AT AU R

AVAXVTI,, = CSAyor X VT yor

HIL BRI AAROR OB (AVA) WS 22

AVA = CSA,yor X VT yor/ VTI,y

34 52 5 R A A A I B R R AT



® IS I B Y B DR A R S LK S
® i E B A AT S A S0 A T AR
® [k 2 Hh N B A S A H T ML R
T 3 34 5 25 % B 3 A R ARE AR A 15 0 L 97038 AT B I RDRR 43 0 075 3 R L e

B 4.5 877 TR R LR R

2.0 FE 3 HE T A4 ) B R A D R SR SR A S i HH E (LVOT) B8 (CSA)
i i B R (P AR 2 0 AE B 2D koA [ BE 25 b &) o E A AR 5
LVOT R AR bR )5 B8 2 58T LVOT HARM & . LVOT HARTEMI &5 Kk
DY TE 00 8, AE W0 3 A TR R P 2% 3 — SR N 2% (181 5) o ﬁﬁ%éfﬁﬁfz(Zoom)
B & LVOT EARE AR, 40 JRBAR S 0 £ B Al 2 DUIRAL R - S8 HAESE
OB, REARZAY EOZFEAE, OB, r“*%ﬂi%ﬂﬁu
HEAE (ZOAAOI M) BEESE. BEREARREMT, nTAERSHES
Wil g LVOT HA2. £ H arpif R kb, LVOT MREEE R (CSA) 8% AR
B 4 T AR5 -
CSApyor = T (D/2)?
A D A LVOT BEHiZ

BARLVOT M R BRI , AR 5% SCT A A\ RIS 45 21 0k
SR =4 5.0 E A CT B8 LVOT XEJFAREIEMETE, Tk E4A MR TE
(MY SN b Ty vhde St 7 A0 2 B i AR = R R 40 ) o



LVOTd=1.8cm

ES. AERBEEATRAREEATHESK
Y AR IR, B E BRI AR R
WERrnt (N&BINZ) H5E 3K FF17.
A e £ 20 ] A B B R K 9 0.3-1.0cm
Ab 0, TS 43 5 A 1] T A I B K S
(W) - WEHEBENRE, ARZEE D, £
BE S EZh Bk PR K F lem PIAS SR i X8

40dB 2 +/+1/0/1
PW Depth= 74mm

| PWGate= 3.0mm

V. SRR WA,
e o
ﬁ\ i
' 1
LVOT-velocity

<——08m/s

B 6. 72 S5 ¥ i) T I 50 36 O Lo AR 0o R
VO BTV (40 11 o ) A 00 B R fik e 25 3 380
BAEARKER 3-5 mm, HTEIKEA
SN L3 R X o AR O 305 R ot 4 B
BEW AL o B AN s o VTLE S i
WWE S (hIRES) RIE, FTES:
7 e S

BHIE . BB TEG A L BoR X & 7
L AT AR R A 2 R

e AR 1 R P SR A R 0 e 2R P BT T (o SR T DI T ) B A
RO T , 188 1o ok e 25 3 9 V0 SR o B SR o Pk v S 3 B O A B A 6 B B
Bk, 5 D B 2 A 3 T B B L E A DU C o Y AR A B A B, Pt shy
R JRE T - 9, R L5 AT DA, W 2 6 B 5 AW 4 300 (11 ©) o 01 i T i 20 S, 32X 7l
L R PRI T S E A 9K Bt 4 A 7] o FEIXFS DR R BN, 2 AR AR 1) . R
Bl ELBVARAT C I R oM 2 o 12 JRE I ) AR ol ek 328 R A KGR s ) 52 WA 4 30 ot 4
1 BARFES HE M A S T AR S A B R S Ik e MR “rh” W
SF|, (HPbE M LAE S HTEMR N A RS R, WG S PEE TR
bl PR T | R HE ) S

BUABTROLUT, LVOT BARIN R BAE 5 BT el [F] Bl K~ Bk 4AeE
KPR _ETT DARAG V-3 B th eI, 2 AL E R IR (R AR S R IR A
158 VO ) 5 Bl B AR DA I ) o SR T, 62 P A 54 1 = 2 Bk A DR A ) SR, L3 T
TR AE IR 2 v At 8 A, P R A AR B0 R EBEh 0.5 -1.0 JEDRDAIRAR
— MR BB RIS M 2 o BN ROZAEIX A R R R B (R 5). RIBHRE,



TERZHBF T, LVOT BRI BIRBGL 1 EORNEA KR, HILTERL EAR
[ L B A SRR AL (& S) o FEMERK-FE LVOT BRMtRE (1) BT
RSB A br T B B TR, () Gl B 2 % 45 v B SRR A
L] DA SR B W DR ELAS I B A 2 i AR ) — kP, DAK (i) SERil BAE (D
T4 28 BRI T) MRS . SR, HEHRA SR IGRLT M
FEMIOK-F-I R EAE, i—L g = NIAE LVOT M55 B TRAL I &, MR8
AR [ L 32 2R 24 1T 5 o

LVOT BB HMERAET: (1) fE—%BHE Y, BT s E5h
BRAREERIES 2] —JIMAT I BFE IR B TA BoR T TSR LVOT Wigs
H LVOT WEERM/AD, PONEERTREIFA— IR RER. B 7B B T
WS DT AT BoRBEREY LVOT HAR, femilEksmitt, B9 REREILH
Wi (ii) f& “S BEH” BFH, MRORMANE LVOT BHRE N 2/
PRAL I X b (iil) BRARTEUCT, LVOT BRI e R 34 B 2% e i v 39
REATIN R o SR, A7 0ok G o AR e b ISR AN R B, TR T 7 A B8 i Wi o
—F S T 1 RAR AR R R LVOT B

ST R BB E A B R R PR _EI2 i S 7 PRI O TR A ) AR R
TAED R =AS O 578 e, A SR BRI R B i Rtk . NPT AL
S BRI, M A 2 ORI AN 2 A B 2 IS o 5l ik ot S R AR A 3
T JED A5 R R AR (4 3-4%) o AR, 22 8 3 H 1 LA 2288 S M VE R 0K,
A 5% - 8%, HIT-HESEE TR DA Sl ELAR B P O VSRR AR, R B B
A BRI TRZERIE 428 M) — HEFZABON T2 S8 300 HH 18 A B T IR R 2 1 AT 4 3
B HETE 8 R BB AR A

7 —AEZHFRME LVOT MEEER#. RERMUK, AMI—HARZ]
LVOT F &2 MR TE, MAREIE, SH LVOT AR, MMl 7 &m
SRR AR (E—TE5E A 0.2 cm?), " RH R L SE S IR E A M
WAL, P RBIARAIMER IR T B8, X — B ERRTE. L5 R
B CT (MSCT) WHEBAIES, KREHEHF M ENIIMERA LVOT #B 2 TE
Y, PUL, TERIEMRER /NI 2R LA T . AR, &7 Lol B AR E PPAS
AS JHFREHbE, REMEESM T RPRB T —ABJE LVOT Bk, (Hi2ixLk
SR CHOIE IR I PR TS B 5R 2B o Bl BRI, A MSCT Jil&



+ LVOT Diam 2.0cm
" LVOT Area 3.14 cm?

LVOTd = 2.0 cm

E7. (A) BoR T —FlEH BT 2 A =3 B AR S8 i W & JAR A, B EL
AIEEIEAR — @ R GRAMIR . (B) Bon 7 WAk ML IR J5 1) o] o B8 R Z2 B3 i BAR, 1R
R HE, BRI . (SRR - RSV, ASE’ s Comprehensive
Echocardiography, %95%) -

LVOT AR1F AR AR P REAEARAEE AS Hhb L%, DI AS JVH R AR
433, ABIE TS M TR 2B HIE . °° 3D WA LB E A A E Y LVOT B3R R-F
T, B LVOT MRIEARIZ, Mty DL mEaf i & LVOT. > [Hik,



3D B LA EFER A E MR LVOT e DR (ASA) W=J5E, AfLMER
MSCT R ITH. 3D ErAE.LalE H — ML AR AT 5 70 R4 4l 75 .03 1E [F)
I BRI = 8 7 0 2 P W B e, B T AEPRA LVOT B fR B s & F Bt o
SR, 3D AL EE gl 0 E R MSCT ik, HRREETRIR TS
] 43 P

WEZAEFR B E (SV) DB A2 82 TR s A 2 (i
S O R S8 R ) o 4 BB AT BEL S T BRI B, 3 I3
ARH, XBAEALEN € R R AU o QSR PR R, B R T R
B RE S S — MR 3 T SRR, 25 5T BB 2 5 MR H T ) ) oA
E T ICZRABORE , 26 8 T 38 30 3 0 00 1 I 5 B — e 88 Ak 0 45, 97 350 1 ) B S
ST 1, 45 B B R BEAN AT o BURE 2R A7 B A 2 S8 v ) A7 B P A
B YK o BB AERET 5 1R B Bk A i A, DU R i AR A 1 v
A o

E— S B e B B Y KA RS b, LT T o) = ] B R TR
BIFE, XPTRE S B 2 O AR A o AR S R AR R P
T 7] B 5 oAt R A — i, 3R A FTRERE LVOT ¥ ik BN EiR%E

RAEESE T FRAFAEVL BRI R, AR S SR ms 4 15 2R i
Bk o 707 A, A 0ME F AU T IV R Y ROR G PR U SRR — AT SR R S 4L
10, MR, R TR EEOR T AR, B Y SR AR R o, I SR R R T R

B I 2 A1 R34 2207 FR IR 7 55 Ah— LL BB B

T4 5, 3% 2 5 R0 S A 1 T AR L 3 ok 00 e (0 ) G A
WA XFF— A ERUATR, B2 A5 A4 L3 P e 26 P T, S 65 194 A 400 v
BRHEM AN BN X P22 A BRI O R LR ki HE R e .
AR RO O ARSI O 22 A T3 R T 253 3% Stk 5 FR A S AR AR T R 2 1]
X TR AR SR 22 S AL 0 R I R B Bk 1 R S T FR M IE AR . H R UE DR
SN S, I 1 A 2081 R B I R T PR

5B AR R R L B A I T B AR R IR R R AL 2 P AR IRRIER
A 32 30 Bk pess B3, i BN A ROE B LA R /N o AR FE 22 B T BRI
PRASHRJEAS P B (A 500 1 T B/ G A3 R i m R AR S 3 X — IS Bl i 1Y)
Bl B RAE O S 5 B 3¢ Bz A, C %A B3R 55— AT BAEZE S IR
AEThRE ™ EREAT A B E R B BRI A TE RO RS o SR, 3 X R v B A



SN A] A R S5 B A 72 5 Tl RE ARS8 1k T 3 oAb A%, 1 L 3o

BSWER o AERE i R T B S B AT 3 B8 A A R A A% S

® PR B Bk LR R AR BN R — B AR (H 3% 1 B RE D 5 B R e
).

© RN ARAR AR I, Sk 5 A b A T AR AR AL YR 43, 2 S i G B R ME RN
Kt BB K

R

L. PR PEAl E RN AR M AR M = A B R MR N 22 H0h (1) AS e}

T, (1) PIYEBRIBE BB, A (i) HaE S FRIRA A D E AR

2. E R BKHRPRAZ IR S 01 JEE -

® IB(HHLR >4m/s FERFFEAFAEE G BRIMIRA o

®  EFHRBKIRPRAT IEAE ST T3 J3E M 2 DI T AR o

®  SRIUHETAE & /NI S A S22 0 B Rk o

3. V-3 15 T Bl Jk e s 2% -

® “PIIkZE>40mmHg RN AFAERR S E B E R BRI HAE o

® PR i S P3RS R 2R B o P IR 22 M AR ORI
KRt EZZ, WA RE PR BT AR, R R

4. Z2 B A H W IR ZERIE T AT R far, S TR AP X E s Bk

BRAE HEAT 52 20 W B PPA By B2

S. EFPKMOEM (AVA):

®  EZkM N AR < 1.0cm?® $ 75 £ R 45 25tk o R E 30 OB A o

®  hESE) REVE O T AR A A I PR AN ST ST eSS, i L R
R A 45 SR A e 5% B B S

® LVOT HAR(EM &5 KM DI MR, £EKe4arh 3 I\ il B Ol 4 2 2 — Rkl
HNZ% (K5

© e R Hh A R N R I P R 0 17D o 2R O B (o 2R T T ) B A
AR I T 388 3 Bk o 2 3 8 0 S U A5 T JE o URE A B B S i T Sl Bk
(& 6).

® CUIUREABURBRARNLE T, e sk fid B th 2 -3, VLTS BT B, th 2k 98 B
FRAWHE . RN, MERPAEMTNE GEH BT 720K




BUREARR A0 RFES) 0.5 -1.0 cm PIIRB—MRA BB Z i sh i £ -

® RS R — AR R R T AR B BB D S AR
B 5% B b BB B TR, 2 B s a AR A RAG , 3 I R4S MR A
MO A EIEPEENREASRTE (3D SRE#E S LI E KT )Z IR
CT) w3 IL R ZE A -

PR R RN R T %
(IT S 0T Lk fB 35 5 2B M )

TIACRIFESE TR TRk 00 % 52 7 R 2 J T IORE I B 2 - = 2l AR e A 3 i 4 A T
PR Bl R 8 0 A DL, 7 8 3 5 32 A ok L E B (D AR 43 B Be A A DL A
Uit th 1B 5 2 2l Bk LI 5 A B A B g o 252 BRI, 3 Sk AR AT DA AR A -
AVA=CSA o1 X Viyor/ VAV,

bl 055 P 3 B ) PO AR 40 R 3, B A R L 25 SRS i B R, BRI B aX A 7 YR T
ZZ. WA, M ENNECEE RN, EPEIREZE B3RP b 2R E
o D, EBEERREARSY (VT R R A B .

B LA AR B IR 4 LU oBAdRe) - WRES TRk E T 5AEN
HHTE A 56 R R AR DAV 3R 22 o 3 B BB Bt 8 It (R) R 4 BUABL R A 50 i R
Pt i e 8 4 TE R A T AR B A o

Velocity ratio = V,yor/Vay

VTI ratio =VTI o /VTl,y

63 3 BRI B A I S5 PO ABL 5T 1, BB/ 3 n P e o i ¥ < 0.25
IR B A, MY TR O AR S IR O E AR L < 25% o 0 AERERN
F2BE b, 38 B B AE AR RN BE T T ARME AR BE, B R B T A RS SE B e 11 T AR 5 T
S O AR EL ), T SAREITEE o AR, AX A B A Y B e L T AR AR
S BT A R 8 A SRk o

FEIUVENEEZ RO ER: S BT T8 s = R i ot gl
LB TUART 22 75 95 D00 42 22 20 ok e 100 A 2000 v AR RS R i 25 35 A8l g B2 -0 10 T
BT (GR2) o AR, RERESAL 7 22 1 FA 52 B 6 2 oM FLARIA S iR, T 52



M T AR R M B o UL T W 7 o Bl JET B i A o SR - v JLAAT 0 2
%, WFHRHERE#ESOZHE, HNEROEHRE 0FENREH (Gorlin J5
), ZWEWEERE GESTiR) MZLZEhE CT (MSCT)  Hifisemd. *-
2 O RS RO A B b, R AL AR R R AR A PRI 2 S5/ LT AR
BEAh, GRTRTIR , A SSORE I AR TG A A ) e 10 v AR M A 5 SR B S R P
EXFEOLT , BHFRERIA, MTHHRAS, AROROHEM (ECA) B3/ T
HE O (AVA).

WA ERR BB R
(TIT R A 7 AL A A5 )

At 0 B2 PSP A 7™ EERR R WAL T 30 ) 22 T AR Ty . e AR i R L
1] 5 R0 2 3R B 5E, IX LB 05 R T B A 5 I T ) T W 2 T A A ) B B K
MR 2> 270 W T A KE N RE W C ISR AAER N J5 0 2
PSR ZE R RAF A — 8ok, fEA R R &P R AE Y Ik
)R T N R <

FLRFE R B ATER XX LR b B KON R AT PR R S8 D o XTIl R T B A
UAF P 06 A A, R B A AT AR D P T I R e s o 2

B kAR 7 EEAR B B R BTG

A5 Fehnife

M TGS I3 2278 A ) T30 kA8 A 2] B ™ o i A B 32 2l Bk e i — A%
SR R o T ™ AR B PTG SR R SR, B BRI A AR B A
R SCAEFERMREE RN RY . LEIGPR S B, 0% R Al E AN BKIAE M fiid 2, P34
JEZAM O AR (hESet R N EMRMPRAERIT P ERE S . BN
WY, AR 3 kR T N e ™ EE R R, S K O DR i 3
HAT B2 I R T AL -

HAEIRT AS PR AR B MM B0 ) 224 RAE 2 N3k 3 s« =AMk i 4E
il — A4S R RS RO - MR <1.0cm?, WEfEIE £ >4.0m / s P8
JE#%>40mmHg. BAEEULT, RHATEVERE N TA R, 722 Bihi AR —2
HITROL T, FESBCAMU 2 W 2 BiRR X Lo by 5 oAl B SR 25 R A R B T 8
RAFHEEN (B2 WEUITMALHMRRE B A BP0 L ks 2



72 3. B BRIEDEA L JEE 1 43 Pk e

FZhRKAEAL B H i A
DB AL 303 <2.5m/s 2.6-2.9 3.0-4.0 >4.0
FHEZ (mmHg) - <20 20-40 >40
FEZFWOEH (cm?) - >1.5 1.0-1.5 <1.0
Bk O EAREE (cm®/m?) - >0.85 0.60-0.85 <0.6
1 PO fE - >0.50 0.25-0.50 <0.25

JEMER A RARTE”) o PRI A3 BEA 22 AR T I AT A, T DA — SR R M 3
WEE (B, SRHRHEH SVi<35mL/m?) WREMEA RN ENIORRE Ol
HRARAER /), i MLAEE A 22 A R o X TR SR B U K sl /N 1 2B %,
SR F e 11 T AR5 0 R T AR B EUAELREAT AR OE (3R 3 ko Bk %2 M Il B 0.6
em?’/m® ) o ARV, SRAEREBEITRERA @4, FERFER BT
AR ARE I, RTA (BSA) A — 2 A% BB AL I /3 FL S i E 3 ik
M EAR, OO HBURASREE AR, AR, XNTILE, HASM
BRI NREEARGE, KA BSA MHTHRIERMRELN, FEiXBEd, LN
Sy o B kPR I, 0 B A O TR T RO B R

SR I LGRS, PRfE <0.25 105 B E S kP 1912 Wrks e o

o0 L T WA 55 O L3R R ) 32 e 22 P 00 28, DA 0Pk 2 A 5 i 2 2% T e I ) o
BUABTROUT, 4 R A T I I A P AT R S BRBRAE A

MEDAPPAS ME4H B3R5 1B

000 B o R 2R A O T ARG RIS, AR SR S ke p s 7
LT N 250K (R 3), BAEMEBEAHYIER, EhRRRRA BTG
R EA P s: .

EREMMATE O, REEETE >4m/s, FHEE >40mmHg, [ijkH
T AT AE>1.0cm®s X AT AE S Hi A 120 koM R IR B TR R o B AR 1 ThT A
A RE R T EE B Tl R R B ISR, AHLIMLR B0 ) A U A AR S 72 O ) A G
WG, ZXMIEOLE, 52 W E RSB . XTI R SRR, AAHERR
kR E CRBe, 2, FURIRIIRECHE, EAT SE SRk E) MTEDL.



HEAYER R, BEERE <4m/s DR-FEZ <40mmHg , i 52ERiR
A <1.0cm® FEXFIEOLT, TEAHHRRNRIRZE (BFEEHRRE, £
i H I R A A S TE AR 5 RN 2 R H E AR AR & B
AOAERAG (L2l R 0 T AR 43 ) o B 58 22k 25 I 1 45 20 3% Sl ik Al DR B
A B2 A A o

LRV IE , R O T ARURE S / 22 Y i B B I A R — — X
EIEH MR ERILT, AT FHEZAEHESE 40mmHg, # M58 5k
0.8cm* i A& 1.0cm?o *"*® S DL HAS 72 2 3t S ELAR /N 1 S5 72 A R o
PR, /MERLEFR TR D HBVN AREZI S — M ER .

TEHERRIX LR M D AR EZ A ST N R 2 )5, 4% B TR L.

B 1 55 RE NG HIPR ML /T 22 3 S0 R AP

AR R R A 22O SR AR D RERERS IR I G )R B B S kolepk Az i, REE
SRR O AR, AEL 2 O I (0 0 22 T RE AR AR ™ ) I A P A a4
B AR ARI AL AR 22 E S BRI PR A 1 2 LG DA T 4 -
® RN N EM < 1.0cm?,
® PP ERMKMEZE <40mmHg.
® ZEEG M E<50%.
® fFfEH (SVi) <35mL/m’,

% Tl T i B fr T, T2 30 ok A LS 38 32 T 22, M v Rt B 2 A B 34
T, 5073 Y iod ) A 4 A Y M 3 B AR A, T REAT BT IX 43 DA WA IS ARG DL
® HEEEFMIMRAE A ER ARG (RIS E R Z R RAE) 5E

Bl kA 12 32 ML 358 ) S0, i A, 22 0 B B 3 BUBAR 7™ LR Y SR B

o S5 B L I FE AP 3 IR 220 XA OL T, T30 kAR B AN 3 0o

Ja 54 A B T2 S S A AR AEH
o hEEFNRIMRAE (BB BRA) A HA N R i B 22 W i 2

AE B B (51 a0, O JUUARE B8 52 J0 K P UL ) - P T2 3 B 7™ A R 5 B ) 2R e il

e 1B PEAR T, AS RE TS 20 3T 0T 2 30 K, AT T A R Bl ik ol 10 T AR 9

TEIXAE DU T, E R BRI B AR T BEAS 2 4393 N iR 22 S W 4 S e Y B S 1538

MR 0 W R N % LB IR, A 2l O BRI . L,

IX IR Wy A IR S



QIR — AN NS L 70 BB AR A RS T 3 Bk s MR %4 4.0 m/s
WE PR EREZHN 40 mmHg, HFABWRELENREE . ZNPUR LEX)E 16T
W (FEEESFRDAE) BIEW R, — BRAE RG220 SRR 2 k-
bR BB AN BHEAT A A AR

56 1 22 Ll T AT 0 A8 7 o 5 VBT X AT 2 S Tl RE R 8 S sl BRI A VT
FL R B I, T S AR P — ARSI R, N 2.5 B Sug/ke/min JFif, & 3-5 4-4h
BB G0 E 10-20pg/kg/min (W3R 4). PFOARTREA OHEEH MG,
Pt VA — RE A5 B2y Y U, ) e 2 3% 8 32 T RN B 20 B T . — BLAR B FHPE S 2R

(B £ B8\ FE 2 35 0 > 20% B 3= 2 ik o0 0 B J > 4.0m/s B P 3 k2% >
30-40mmHg , $R7RAEFEAIMLHE R I O EAR A 1.0cm?) B0 8 i
10-20 k/ 43 4axt o3l 100 IR/ 5 Bz R ARRICR Cak 21 I Jiri R AR
{5k o BRAb, 4 R T o B O R R R A ST R L 2 T T RE

FAARFE L O T AR KR

Z Ol T MR A7 R 2.5-5ug/Kg/ min
@ £ 3-5 4H UL 2.5-5ng/Ke/min

% B T e KA & A 20ug/Kg/min
SN RN AV VA A RE R

1) ZEf T AR ARE (20ug/Kg/min) ;

2) 1B FHEEA R

3) LEHGMA L 10-203/ 4 Bidaxf LA 100 1K/ 535

4) B ARER ML e o)™ B 2R o
BRI ZS 5 -
®  HRONNDEAMAIHBLEMRAT 1.0 cm?®, KPIPRERE, [47]

® IR E B >4.0m/s BKFEHEZ >30-40mmHg , $ER7E S I B 0 E R
#it1.0cm? . [50, 51]

o RUEIMMRE MR ANGE A E NIRRT , (X T8 A W 4R S RE ik & (R RS I/ T-20%) 1 &
%, HOMBHFARBBET REE HAUREE. [52]




MR T FH 22 3 8 00 8 45 A AL, 4956 28 S 00 1 T A B o T B ke e It I
430 7% L g v 4 L3 B, — e BN B AR 0 SR P R R B, DA A O T
B R AR T (50 T 3 o 702 3 00 1 38 PR AR ) e 7 2% 34 B R A Ik A I g X, 3 [
FAAEREANB Be % S 07 R 8 D HEAT A S5O B A T A e [ B3 R D i 923300 52 S5
SEA BTG SRR K. RS, TTRNSEH GHE E /i )E
I RIRLA3 Bt mT AR e S O i AR A TE S Ak A AR A o

5 EL I} T i 67 4 8 7 o s R R 7 000 AL 35S < A I BB A = sl B B A% A 4 o
T PHEE. SRR DR F R A Y B B0 AL 0 2 S il
S S BB T A IR I AE S S RO AE A I PR PSR b BB A 43U, XS
BEAS B ERGR . FATTRAHA R 7T 5, 3T DA A
® UL IE AUA BTN B AR AR T 1.0 cm®, RPAEAR U E, *°
o fGHE ML T > 20% IR R G I REAE % -
® BRI >4.0m/s BoFH KX >30-40mmHg , $RRFERAN ML

B O EAAB 1.0cm” .
® MR BT DAGE A2 E I AR ANTE A T A W A T RE A 4 (I R

INTF 20%) B B MR RE R BE T R R Bl R 2. &

1L B TR, E2EA0 O AR A AL e AR R B e T 2
TMEIRAN, X ATRBAE RS Z AR BRI Stk o DRIE, 7E LB RN IR SR 3% 2 1) A
1 T AR X ML B R T AR AR AL PR L AR BRAR . Ak, — TS, BlEvEIm
Wi A 250 mL / s B3 F0 kol O AR pER . 0 >
R

1. S o SRR AR IR s AR 22 S Bk iy 8 SCEFE A T4k (1) A%
F Bk O R < 1.0cm?, (i) “F- 3 5 3 20 Bk ol 2% < 40mmHg;, (idi) 22 % §f il
E<50%,F1 (iv) BRI (SVi) <35mL/m>,

2. A 2 Bl T 6 faf RS ) RE A BT 6 ) Bk R RE T Bl ke B AR E
BE R -

TSR R AR P N H &R AR T 1.0 om? RIS P2
F BRI IEHIHE E >4.0m/s B P EZ >30-40mmHg , #3835
WRompes , A2 5P L B i O E AR AN R 1.0em? .

® L MEE e AT ARk A A D RR AN T 5 (BN T8 A W i T RE % A (R Y
N 20%) B B35, AN AR IHE T2 3855 5 HLi R 882 -
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FERPRIRAET ) - N T TR LI REME & B, WRETCIEN W H T %52 W,
BEHRE L4 (2280 CT AthTB) nIabet X405 A i E 3 ikmpk
EMFEELE (WK S).

SpF L3 OOk BE AR LR I 22 S S Ik AR A o foe HL Pkt BRI 2, W DA R
X ek AR E AR ML X 4o A FIXPE DL &, AAHERR DI EIRZE
R 76 2 30 3 1 R TR UK S ARG LR &, O ELEET B i HAt ) 28 75 22 A DR ML
EHSBARA EZ KRR < 1.0 cm®. =4 O EfIL ZiZhE CT e A
S H T AR AR R A B S N . IR (CMR) Rl SR 5 SRR



B 8. ZBIPALE BB AE FE B 45 6 7 iR



BRTFB . LR X e B, 25 d 850k BY 18 =2 Wi i L3 ik gk
ERATREEE. MR ERE R — AN EHEMLHER, HAeZE I RE RS —
LRI RAE AR AR 5 ) 2278 B R B SR E B

R

® HEEENIMIAE RIS W LA T LA WIS s, BIEEREE/ k2%,
MO AR, BB, M, ZSBAMIIEE, MERMIERER .

® JUIHRAMREZ ESRKIMPAE MBI, BB PS50 AR B T7E I R 5
e XY RIS W o R T sl BB Pk I A Bk i (131 8) o

FARIFAE

E i) Y ai

2 80% 1y EZh BRI HAE 3 FEAT 2 3l KR BT AELE A e b B R, X T
E R BRAEPAFE B ATPAS A o RIVEEAE ™ B R AR b S RS B P35
e . 22 P v AR ) S (1% AR R v Y o AR, B 0 LA AR o Y I e e, e B K
P PR R T R FEIXAE DL SR At v I R e B A A T
I PR RESRE o ™ A5 a0, o i S5 3l PR B PEAT e JEE H T Sl KM SRR A A 2 7 P
JEpEN o M RERIP A 22 R I R TS - 7

R

M Ze S N A i B T 0 AR  TE 3 AR AR A B Bk PAE Y AR
B b AR R LB o X TR AR R BB, X 20 B R TR R
PR AR R T E BB AE 5 R AR B A o B8 i A 8 T I AR 2 BN,
O B Y B AL W 4 5T TR D AR B i = M B B A A ) B A 0 i T 1 SR ) e
P BB T o — SR B 0™ BERR B A S0 5 2 Bk M pie A ™ EELRE E W TT-Ai (LR HEBR
PARIRTRE ™ AR TR IR o 58—, A ™ B R R, £8 28 R ™ A0 T 3 Bk Ak
A I, R T 125 T Sl Pk o 0 R AT T B R 22 A B AEIX AR D02 T A
T AR SAT 2 SR A A o LU0 25 5 s ARG B 00 R R A0 — R AL -5 BRI
N R E B BRRERAS A HTIEAT o STk P ) DX 03K T o 4 258 2 3 H Y 2 i e



B AT SRR DT % . AR AR BE I IR, N ARIMER A I — L B2 3 — RITT L -
PRk AR B A S ith L B TR X P Y DX Al TT RE 2 A 6 B (H SV B TR
e AU S th 22 R AP 5 S BRAMPR AR B ML M 28 o pha 30 D RIAE R B RN R
PPAG IO R, DRI b i B A T ) (DT S AR ) AT BE S B R A R R Y
FEEFERE . ARAFAIVEAL M B AL ML o g R A I T B ko R

L8

R

AE RGBT B Bk e g, A sz OB R e, I — e R
BRI R RGN E . P v e S8 BAR, WS ERMmE, 1%
JE 2 F 3k Rpess -

FEZBKY K

B Y 8 2 2 KRR o PR 2 AL 1 ) 7 ™ B R R PPA 8 X TR N £ 3
RN BRI PP 38 B 2% A5 AR E AR SEHR S SS A A R T E Sk N A2 I &
FEFHBIARERFEA A AT EIRE Y K@ H 5 e X E A X, I B
BRI /N BT RE 22 S T A I 1] 5 2R 2 o AR BELEAR 00 A T 7800 VPG 3Bk B 16 DL,
WHTERIERS OE CT gL IR (CMR) KR4 2.

TR i

FLEIRE SR 35%-4 5% R ML [k % AR A BBk pA . R, (R K
25 SRR B8 4R BB P AR S B A RILE . °> *° RS — BRI EiiE
S 7 S WA S L R 22 AR S i R g &, LR R ) 67 e G T R S 2L
SO L 5 o R o AL R At T R S R WA A A T 22, BT A RO
T R 2 AR AT MR D o TV AR, B A IR R Ay 3 I X I P A A BE A PA
T RE RS LA o 700 PRI, S AR o 3l PP 2 1, RO RE S L A
FVFRIZAE S, R B 7 ity L 32 s 24 A 456 ML P ) BT SRR LAt Fg — BRI R R o

il e b i)

H B C B AR 25 58 T o AEIR P T 2 2l Bk AR A A 7 o sl B 0 TR o I AR
12 X 3K 41 ) PR~ N A PR T A TR R A PR TR T o A 7 2



P, XHR BRI OB AN, MEERRERA R R, R&ER
ZHRBEREIIT T AR ERERWEILT, BREEZAEE RSN
FHAFAR P Z R HMATER

I RE IR 22 P 2ok e o 14 88 7 0 0y PR 3000 R R AS R 45 R n R

FZh KA o>

WA AL R e AR °

OB A4

MRzl Ty 2k R g 5 °

BN F i =R

WEAERE;

REKMIERE LB KMA); 7

LB Q=

MR, LENGPRSCERIR R, N DA IE DO JOREIR B B 3 Bl kA% I AR o
R 2

®  EFfiKIEMERE >5.5m/s;

® I IR AL [F] B AU A R A 1Y >0.3m /s

® EHMMRET, FHEZEHEM>20mmHg.

R

AT A 0 3t P T 0 PR P R 2 5 W TG R R B R T Bl R R A B AR
%K
®  EZNKIEMHE >5.5m/s;
® HE I LN BKIMEETAL IR N2 AR AE R AR 8 >0.3m /s
® EFHfMPRAT, FHEZEHEM>20mmHg.

Bl P4

A Lol BN 3 Bk e (8 B RE Vi PEAS L RR PR R/ 22 1
TN 2 Rk e 10 VAR 0B/ ) A f DA R ML A X 3 Bl Bk e A A e A 4K
K (MR, 2SRy AR, %0 " RIBR A =R, i
Bk IEE ) PAR T KRN B4



KT IE/ EZAES KR O B4, 28 582 1R B0 207 5 DL
FNA PRI (W 3T o I, WM 1555 5 D00 52 Fry AP J3E 5 2 i Co SR VI
002 A DAL FEAH LE T RE M0 >0.3m /s, X VT BB LI PR AL = AR 7 B R
o i 24 T kAP A= R BE N A R I A A ML R, R A 22 T AR R A
A, EEAPEAR.

RIE, A6 BE T PPl a2 o 7 3 0 2 07 Ok WK AR 5 SR B A A

A3 H12014-20164E EEACVIRHEARRZ B2 A #78 . EACVIEH G 45 -

Gilbert Habib, Bernard Cosyns, Victoria Delgado, Erwan Donal, Raluca
Dulgheru, Massimo Lombardi, Nuno Cardim, Kristina H Haugaa.

A H2015 - 20164F FASEFRH SR RS A, 2016-20174 EASE
EHELM2016-201 THUTR AL HIL. ASEWZ R AHE: Deborah A. Agler,
Federico M. Asch, Merri L. Bremer, Benjamin Byrd, Hollie D. Carron,
Frederick C. Cobey, Meryl Cohen, Keith A. Collins, Patrick H. Collier,
Mary C. Corretti, Benjamin Eidem, Craig Fleishman, Neal Gerstein, Edward
A. Gill, Yvonne E. Gilliland, Sandra Hagen-Ansert, Lanqi Hua, Thomas V.
Johnson, Soo H. Kim, James N. Kirkpatrick, Allan L. Klein, Jonathan R.
Lindner, Carol Mitchell, Tasneem Naqvi, Maryellen H. Orsinelli, Andy
Pellett, Patricia A. Pellikka, Sue D. Phillip, Vera H. Rigolin, Lawrence G.
Rudski, Vandana Sachdev, Anita Sadeghpour, Liza Y. Sanchez, Elaine Shea,
Roman M. Sniecinski, Vincent Sorrell, Raymond F. Stainback, Cynthia
Taub, Steven Walling, Neil J. Weissman, Susan E. Wiegers, David H.
Wiener.

BRI A HEACVINASE B 2% k. ARE S HEFNA, A
] AR A R 2 S e — R, AN AT AR A b 4 B AR o AR 5 P i J sk A 3
FEERIE L SR, A AR AR 22 B B . EACVIFIASE R RIK B R~
DRAEAR ST P 258 1) 5 B A v A e, A5 0 P 5, O A A B T 0 2 s P Y
PRIUE PR Bl At T AR AR 4 A Hh Y O SR BT 3, EACVI/ASEXHR, /Ry
9o N BARAT 58 =07, Te iR AnT e J5 PR BEAS AR FEARART A o A 6 L AR i P B 45 6 BE
A REACVI/ASEN Rt i B2y 7 @ 3, A R EACVI/ ASE 5 {5 i oAt \ 2 RIS
BE A NI R



S5 30k

1.

10.

Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP III, Guyton RA, et al.
2014 AHA/ACC guideline for the management of patients with valvular heart
disease: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. Circulation 2014;129:e521-643.

Joint Task Force on the Management of Valvular Heart Disease of the Eu- ropean
Society of Cardiology (ESC), European Association for Cardio-Thoracic Surgery
(EACTS), Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Baro_n-Esquivias G,
Baumgartner H. Guidelines on the man- agement of valvular heart disease (version
2012). Eur Heart J 2012;33: 2451-9.

Chambers J, Bach D, Dumesnil J, Otto C, Shah P, Thomas J. Crossing the aortic
valve in severe aortic stenosis: no longer acceptable? J Heart Valve Dis
2004;13:344-6.

Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, Griffin BP, et al.
Echocardiographic assessment of valve stenosis: EAE/ ASE recommendations for
clinical practice. ] Am Soc Echocardiogr 2009;22:1-23.

Roberts WC, Ko JM. Frequency by decades of unicuspid, bicuspid, and tricuspid
aortic valves in adults having isolated aortic valve replacement for aortic stenosis,
with or without associated aortic regurgitation. Circula- tion 2005;111:920-5.

Nistri S, Sorbo MD, Marin M, Palisi M, Scognamiglio R, Thiene G. Aortic root
dilatation in young men with normally functioning bicuspid aortic valves. Heart
1999;82:19-22.

Schaefer BM, Lewin MB, Stout KK, Byers PH, Otto CM. Usefulness of bicuspid
aortic valve phenotype to predict elastic properties of the ascending aorta. Am J
Cardiol 2007;99:686-90.

Rosenhek R, Binder T, Porenta G, Lang I, Christ G, Schemper M, et al. Predictors of
outcome in severe, asymptomatic aortic stenosis. N Engl J Med 2000;343:611-7.

Lee MS, Finch W, Mahmud E. Cardiovascular complications of radio- therapy. Am
J Cardiol 2013;2013:1688-96.

Pontone G, Andreini D, Bartorelli AL, Bertella E, Cortinovis S, Mushtaq S. Aortic
annulus area assessment by multidetector computed tomography for predicting
paravalvular regurgitation in patients undergoing balloon- expandable transcatheter
aortic valve implantation: a comparison with transthoracic and transesophageal
echocardiography. Am Heart J 2012; 164:576-84.



I11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nguyen G, Leipsic J. Cardiac computed tomography and computed to- mography
angiography in the evaluation of patients prior to transcatheter aortic valve
implantation. Curr Opin Cardiol 2013;28:497-504.

CurriePJ,SewardJB ,ReederGS,VlietstraRE ,BresnahanDR ,Bresnahan]JF, et al.
Continuous-wave Doppler echocardiographic assessment of severity of calcific
aortic stenosis: a simultaneous Doppler-catheter correlative study in 100 adult
patients. Circulation 1985;71:1162-9.

Smith MD, Kwan OL, DeMaria AN. Value and limitations of continuous- wave
Doppler echocardiography in estimating severity of valvular stenosis. J Am Med
Assoc 1986;255:3145-51.

Burwash IG, Forbes AD, Sadahiro M, Verrier ED, Pearlman AS, Thomas R, et al.
Echocardiographic volume flow and stenosis severity measures with changing flow
rate in aortic stenosis. Am J Physiol 1993;265:1734-43.

Otto CM, Burwash IG, Legget ME, Munt BI, Fujioka M, Healy NL, et al.
Prospective study of asymptomatic valvular aortic stenosis. Clinical, echo-
cardiographic, and exercise predictors of outcome. Circulation 1997;95: 2262-70.

EvangelistaA ,Garcia-DoradoD GarciadelCastilloH ,Gonzalez-AlujasT, Soler-Soler J.
Cardiac index quantification by Doppler ultrasound in pa- tients without left
ventricular outflow tract abnormalities. J Am Coll Car- diol 1995;25:710-6.

Baumgartner H, Kratzer H, Helmreich G, Kuehn P. Determination of aortic valve
area by Doppler echocardiography using the continuity equation: a critical
evaluation. Cardiology 1990;77:101-11.

Otto CM, Pearlman AS. Doppler echocardiography in adults with symp- tomatic
aortic stenosis. Diagnostic utility and cost-effectiveness. Arch Intern Med

1988;148:2553-60.

Oh JK, Taliercio CP, Holmes DR Jr., Reeder GS, Bailey KR, Seward JB, et al.
Prediction of the severity of aortic stenosis by Doppler aortic valve area
determination: prospective Doppler-catheterization correlation in 100 pa- tients. J
Am Coll Cardiol 1988;11:1227-34.

Otto CM, Pearlman AS, Comess KA, Reamer RP, Janko CL, Huntsman LL, et al.
Determination of the stenotic aortic valve area in adults using Doppler

echocardiography. J Am Coll Cardiol 1986;7:509-17.

Kim CJ, Berlund H, Nishioka T, Luo H, Siegel RJ. Correspondence of aortic valve
area determined from transesophageal echocardiography, transtho- racic

echocardiography and cardiac catheterization. Am Heart J 1996;132: 1163-72.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Klass O, Walker MJ, Olszewski ME, Bahner J, Feuerlein S, Hoffmann MH, Lang A.
Quantification of aortic valve area at 256-slice computed tomography: comparison
with transesophageal echocardiog- raphy and cardiac catheterization in subjects with
high-grade aortic valve stenosis prior to percutaneous valve replacement. Eur J

Radiol 2011;80: 151-7.

Bermejo J, Odreman R, Feijoo J, Moreno MM, Gomez-Moreno P, Garcia-
Fernandez MA. Clinical efficacy of Doppler echocardiographic indices of aortic
valve stenosis: a comparative test-based analysis of outcome. J Am Coll Cardiol

2003;41:142-51.

Baumgartner H, Stefenelli T, Niederberger J, Schima H, Maurer G. ‘Over-
estimation” of catheter gradients by Doppler ultrasound in patients with aortic
stenosis: a predictable manifestation of pressure recovery. J Am Coll Cardiol

1999;33:1655-61.

Niederberger J, Schima H, Maurer G, Baumgartner H. Importance of pres- sure
recovery for the assessment of aortic stenosis by Doppler ultrasound. Role of aortic
size, aortic valve area, and direction of the stenotic jet in vitro. Circulation

1996;94:1934-40.

Takeda S, Rimington H, Chambers J. The relation between transaortic pressure
difference and flow during dobutamine stress echocardiography in patients with

aortic stenosis. Heart 1999:82:11-4.

Briand M, Dumesnil JG, Kadem L, Tongue AG, Rieu R, Garcia D, et al. Reduced
systemic arterial compliance impacts significantly on left ventric- ular afterload and

function in aortic stenosis: implications for diagnosis and treatment. J Am Coll
Cardiol 2005;46:291-8.

Bermejo J, Garcia-Fernandez MA, Torrecilla EG, Bueno H, Moreno MM, San
Roman D, et al. Effects of dobutamine on Doppler echocardiographic indexes of

aortic stenosis. J Am Coll Cardiol 1996;28:1206-13.

Burwash IG, Thomas DD, Sadahiro M, Pearlman AS, Verrier ED, Thomas R, et al.
Dependence of Gorlin formula and continuity equation valve areas on transvalvular

volume flow rate in valvular aortic stenosis. Circulation 1994;89:827-35.

Blais C, Burwash IG, Mundigler G, Dumesnil JG, Loho N, Rader F, et al. Projected
valve area at normal flow rate improves the assessment of ste- nosis severity in
patients with low-flow, low-gradient aortic stenosis: the multicenter TOPAS (Truly

or Pseudo-Severe Aortic Stenosis) study. Circu- lation 2006;113:711-21.

Nakatani S, Imanishi T, Terawawa A, Beppu S, Nagata S, Miyatake K. Clin- ical
application of transpulmonary contrastenhanced Doppler technique in the

assessment of severity of aortic stenosis. J Am Coll Cardiol 1992; 20:973-8.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Mulvagh SL, Rakowski H, Vannan MA, Abdelmoneim SS, Becher H, Bierig SM, et
al. American Society of Echocardiography Consensus State- ment on the Clinical
Applications of Ultrasonic Contrast Agents in Echo- cardiography. J Am Soc

Echocardiogr 2008;21:1179-201.

Zoghbi WA, Farmer KL, Soto JG, Nelson JG, Quinones MA. Accurate non-
invasive quantification of stenotic aortic valve area by Doppler echocar- diography.
Circulation 1986;73:452-9.

Skjaerpe T, Hegreraes L, Hatle L. Noninvasvie estimation of valve area in patients
with aoertic stenosis by Doppler ultrasound and two-dimensional echocardiography.

Circulation 1985;72:810-8.

Kamperidis V, van Rosendael PJ, Katsanos S, van der Kley F, Regeer M, Al Amri I,
et al. Low gradient severe aortic stenosis with preserved ejection fraction:
reclassification of severity by fusion of Doppler and computed tomographic data.

Eur Heart J 2015;36:2087-96.

Khaw AV, von Bardeleben RS, Strasser C, Mohr-Kahaly S, Blankenberg S,
Espinola-Klein C, et al. Direct measurement of left ventricular outflow tract by
transthoracic real-time 3D-echocardiography increases accuracy in assessment of
aortic valve stenosis. Int J Cardiol 2009;136:64-71.

Gaspar T, Adawi S, Sachner R, Asmer I, Ganaecem M, Rubinshtein R, et al.
Three-dimensional imaging of the left ventricular outflow tract: impact on aortic

valve area estimation by the continuity equation. J Am Soc Echocar- diogr
2012;25:749-57.

Mehrotra P, Flynn AW, Jansen K, Tan TC, Mak G, Julien HM, et al. Differ- ential
left ventricular outflow tract remodeling and dynamics in aortic ste- nosis. J Am Soc
Echocardiogr 2015;28:1259-66.

Jainandunsing JS, Mahmood F, Matyal R, Shakil O, Hess PE, Lee J, et al. Impact of
three-dimensional echocardiography on classification of the severity of aortic
stenosis. Ann Thorac Surg 2013;96:1343-8.

Rosenhek R, Klaar U, Schemper M, Scholten C, Heger M, Gabriel H, et al. Mild and
moderate aortic stenosis. Natural history and risk stratification by echocardiography.
Eur Heart J 2004;25:199-205.

Gilon D, Cape EG, Handschumacher MD, Song JK, Solheim J, VanAuker M, et al.
Effect of three-dimensional valve shape on the hemo- dynamics of aortic stenosis:

three-dimensional echocardiographic stereoli- thography and patient studies. J Am
Coll Cardiol 2002;40:1479-86.



42.

43.

44,

45.

46.

47.
48.

49.

50.

51.

52.

Otto CM, Pearlman AS, Kraft CD, Miyake-Hull CY, Burwash IG, Gardner CJ.
Physiologic changes with maximal exercise in asymptomatic valvular aortic stenosis
assessed by Doppler echocardiography. J Am Coll Cardiol 1992;20:1160-7.

Lancellotti P, Lebois F, Simon M, Tombeux C, Chauvel C, Pierard LA. Prognostic
importance of quantitative exercise Doppler echocardiogra- phy in asymptomatic
valvular aortic stenosis. Circulation 2005;112(9 Suppl):1377-82.

Okura H, Yoshida K, Hozumi T, Akasaka T, Yoshikawa J. Planimetry and
transthoracic two-dimensional echocardiography in noninvasive assess- ment of

aortic valve area in patients with valvular aortic stenosis. J Am Coll Cardiol
1997;30:753-9.

Cormier B, Iung B, Porte JM, Barbant S, Vahanian A. Value of multiplane
transesophageal echocardiography in determining aortic valve area in aortic stenosis.
Am J Cardiol 1996;77:882-5.

Stoddard MF, Aree J, Liddell NE, Peters G, Dillon S, Kupersmith J. Two-
dimensional transesophageal echocardiographic determination of aortic valve area in
adults with aortic stenosis. Am Heart J 1991;122: 1415-22.

Carabello BA. Aortic stenosis. New England Journal of Medicine 2002; 346:677-82.

Minners J, Allgeier M, Gohlke-Baerwolf C, Kienzle RP, Neumann FJ, Jander N.
Inconsistent grading of aortic valve stenosis by current guide- lines: haemodynamic

studies in patients with apparently normal left ven- tricular function. Heart
2010;96:1463-8.

Michelena HI, Margaryan E, Miller FA, Eleid M, Maalouf J, Suri R, et al.
Inconsistent echocardiographic grading of aortic stenosis: is the left ven- tricular
outflow tract important? Heart 2013;99:921-31.

Monin JL, Monchi M, Gest V, Duval-Moulin AM, Dubois-Rande JL, Gueret P.
Aortic stenosis with severe left ventricular dysfunction and low transvalvular

pressure gradients: risk stratification by low-dose dobut- amine echocardiography. J
Am Coll Cardiol 2001;37:2101-7.

Nishimura RA, Grantham JA, Connolly HM, Schaff HV, Higano ST, Holmes DR Jr.
Low-output, low-gradient aortic stenosis in patients with depressed left ventricular
systolic function: the clinical utility of the dobut- amine challenge in the
catheterization laboratory. Circulation 2002;106: 809-13.

Monin JL, Qu_er_e J-P, Monchi M, Petit H, Baleynaud S, Chauvel C, et al.
Low-gradient aortic stenosis operative risk stratification and predictors for long-term

outcome: a multicenter study using dobutamine stress he- modynamics. Circulation
2003;108:319-24.



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Clavel M-A, Burwash IG, Mundigler G, Dumesnil JG, Baumgartner H, Ber-
gler-Klein J, et al. Validation of conventional and simplified methods to calculate
projected valve area at normal flow rate in patients with low flow, low gradient

aortic stenosis: the multicenter TOPAS (True or Pseudo Severe Aortic Stenosis)
study. J Am Soc Echocardiogr 2010;23:380-6.

Fougeres E, Tribouilloy C, Monchi M, Petit-Eisenmann H, Baleynaud S, Pasquet A,
et al. Outcomes of pseudo-severe aortic stenosis under conser- vative treatment.
Eur Heart J 2012;33:2426-33.

Hachicha Z, Dumesnil JG, Bogaty P, Pibarot P. Paradoxical low-flow, low-
gradient severe aortic stenosis despite preserved ejection fraction is asso- ciated
with higher afterload and reduced survival. Circulation 2007;115: 2856-64.

Pibarot P, Dumesnil JG. Low-flow, low-gradient aortic stenosis with normal and
depressed left ventricular ejection fraction. J Am Coll Cardiol 2012;60:1845-53.

ClavelM-A EnnezatPV Mar_echauxS,DumesnilJG,CapouladeR, Hachicha Z, et al.
Stress echocardiography to assess stenosis severity and predict outcome in patients
with paradoxical low-flow, low-gradient aortic stenosis and preserved LVEF. JACC

Cardiovasc Imaging 2013;6: 175-83.

Cueff C, Serfaty J-M, Cimadevilla C, Laissy JP, Himbert D, Tubach F, et al.
Measurement of aortic valve calcification using multislice computed to- mography:
correlation with haemodynamic severity of aortic stenosis and clinical implication

for patients with low ejection fraction. Heart 2011;97:721-6.

Clavel M-A, Messika-Zeitoun D, Pibarot P, Aggarwal SR, Malouf J, Araoz PA, et al.
The complex nature of discordant severe calcified aortic valve disease grading: new
insights from combined Doppler echocardio- graphic and computed tomographic

study. J Am Coll Cardiol 2013;62: 2329-38.

Aggarwal SR, Clavel M-A, Messika-Zeitoun D, Cueff C, Malouf J, Araoz PA, et al.
Sex differences in aortic valve calcification measured by multidetector computed

tomography in aortic stenosis. Circ Cardiovasc Imaging 2013;6:40-7.

Ozkan A, Hachamovitch R, Kapadia SR, Tuzcu EM, Marwick TH. Impact of aortic
valve replacement on outcome of symptomatic patients with se- vere aortic stenosis

with low gradient and preserved left ventricular ejec- tion fraction. Circulation
2013;128:622-31.

Mehrotra P, Jansen K, Flynn AW, Tan TC, Elmariah S, Picard MH, et al. Dif-
ferential left ventricular remodelling and longitudinal function distin- guishes low
flow from normal-flow preserved ejection fraction low- gradient severe aortic

stenosis. Eur Heart J 2013;34:1906-14.



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Eleid MF, Sorajja P, Michelena HI, Malouf JF, Scott CG, Pellikka PA. Flow-
gradient patterns in severe aortic stenosis with preserved ejection fraction: clinical
characteristics and predictors of survival. Circulation 2013;128: 1781-9.

Chahal NS, Drakopoulou M, Gonzalez-Gonzalez AM, Manivarmane R, Khattar R,
Senior R. Resting aortic valve area at normal transaortic flow rate reflects true valve
area in suspected low-gradient severe aortic steno- sis. JACC Cardiovasc Imaging

2015;8:1133-9.

Lancellotti P, Donal E, Magne J, O’Connor K, Moonen ML, Cosyns B, et al. Impact
of global left ventricular afterload on left ventricular function in asymptomatic
severe aortic stenosis: a two-dimensional speckle- tracking study. Eur J

Echocardiogr 2010;11:537-43.

Delgado V, Tops LF, van Bommel RJ, van der Kley F, Marsan NA, Klautz RJ, et al.
Strain analysis in patients with severe aortic stenosis and preserved left ventricular
ejection fraction wundergoing surgical valve replacement. Eur Heart J

2009;30:3037-47.

Kempny A, Diller GP, Kaleschke G, Orwat S, Funke A, Radke R, et al. Lon-
gitudinal left ventricular 2D strain is superior to ejection fraction in predict- ing
myocardial recovery and symptomatic improvement after aortic valve implantation.

Int J Cardiol 2013;167:2239-43.

Maciver DH, Townsend M. A novel mechanism of heart failure with normal
ejection fraction. Heart 2008;94:446-9.

Weidemann F, Herrmann S, Stork S, Niemann M, Frantz S, Lange V, et al. Impact
of myocardial fibrosis in patients with symptomatic severe aortic stenosis.

Circulation 2009;120:577-84.

Lancellotti P, Moonen M, Magne J, O’Connor K, Cosyns B, Attena E, et al.
Prognostic effect of long-axis left ventricular dysfunction and B-type natriuretic

peptide levels in asymptomatic aortic stenosis. Am J Cardiol 2010;105:383-8.

Kearney LG, Lu K, Ord M, Patel SK, Profitis K, Matalanis G, et al. Global
longitudinal strain is a strong independent predictor of all-cause mortality in patients
with aortic stenosis. Eur Heart J Cardiovasc Imaging 2012;13: 827-33.

Dahl JS, Videbaek L, Poulsen MK, Rudbaek TR, Pellikka PA, Moller JE. Global
strain in severe aortic valve stenosis: Relation to clinical outcome after aortic valve
replacement. Circ Cardiovasc Imaging 2012;5:613-20.

Voigt JU, Pedrizzetti G, Lysyansky P, Marwick TH, Houle H, Baumann R, et al.
Definitions for a common standard for 2D speckle tracking echo- cardiography:
consensus document of the EACVI/ASE/Industry Task Force to standardize
deformation imaging. Eur Heart J Cardiovasc Imag- ing 2015;16:1.



74.

75.

76.

7.

78.

79.

80.

1.

82.

83.

84.

85.

Cioffi G, Faggiano P, Vizzardi E, Tarantini L, Cramariuc D, Gerdts E, et al.
Prognostic value of inappropriately high left ventricular mass in asymp- tomatic
severe aortic stenosis. Heart 2011;97:301-7.

Zilberszac R, Gabriel H, Schemper M, Zahler D, Czerny M, Maurer G, et al.
Outcome of combined stenotic and regurgitant aortic valve disease. J Am Coll
Cardiol 2013;61:1489-95.

Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E, Grayburn PA, et
al. Recommendations for noninvasive evaluation of native valvular regurgitation: A
report from the American Society of Echo- cardiography developed in collaboration
with the Society for Cardiovas- cular Magnetic Resonance. J Am Soc Echocardiogr

2017;30:303-71.

Mascherbauer J, Fuchs C, Stoiber M, Schima H, Pernicka E, Maurer G, et al.
Systemic pressure does not directly affect pressure gradient and valve area estimates
in aortic stenosis in vitro. Eur Heart J 2008;29:2049-57.

Kadem L, Dumesnil JG, Rieu R, Durand LG, Garcia D, Pibarot P. Impact of
systemic hypertension on the assessment of aortic stenosis. Heart 2005; 91:354-61.

Little SH, Chan KL, Burwash IG. Impact of blood pressure on the Doppler
echocardiographic assessment of severity of aortic stenosis. Heart 2007; 93:848-55.

Otto CM. Valvular aortic stenosis: disease severity and timing of inter-ven- tion. J
Am Coll Cardiol 2006;47:2141-51.

Rosenhek R, Zilberszac R, Schemper M, Czerny M, Mundigler G, Graf S, et al.
Natural history of very severe aortic stenosis. Circulation 2010;121: 151-6.

Henkel DM, Malouf JF, Connolly HM, Michelena HI, Sarano ME, Schaff HV, et al.
Asymptomatic left ventricular systolic dysfunction in pa- tients with severe aortic
stenosis: Characteristics and outcomes. J] Am Coll Cardiol 2012;60:2325-9.

Mar_echaux S, Hachicha Z, Bellouin A, Dumesnil JG, Meimoun P, Pasquet A, et al.
Usefulness of exercise-stress echocardiography for risk stratification of true
asymptomatic patients with aortic valve stenosis. Eur Heart J 2010;31:1390-7.

Zuern CS, Eick C, Rizas K, Stoleriu C, Woernle B, Wildhirt S, et al. Prog- nostic
value of mild-to-moderate pulmonary hypertension in patients with severe aortic

valve stenosis undergoing aortic valve replacement. Clin Res Cardiol
2012;101:81-8.

Lancellotti P, Magne J, Donal E, O’Connor K, Dulgheru R, Rosca M, et al.
Determinants and prognostic significance of exercise pulmonary hyper- tension in
asymptomatic severe aortic stenosis. Circulation 2012;126: 851-9.



86. Mutlak D, Aronson D, Carasso S, Lessick J, Reisner SA, Agmon Y. Fre- quency,
determinants and outcome of pulmonary hypertension in patients with aortic valve
stenosis. Am J Med Sci 2012;343:397-401.

87. Zlotnick DM, Ouellette ML, Malenka DJ, DeSimone JP, Leavitt BJ, Helm RE, et al.
Effect of preoperative pulmonary hypertension on out- comes in patients with severe

aortic stenosis following surgical aortic valve replacement. Am J Cardiol
2013;112:1635-40.

88. Miceli A, Varone E, Gilmanov D, Murzi M, Simeoni S, Concistr_e G, et al. Impact
of pulmonary hypertension on mortality after operation for iso- lated aortic valve
stenosis. Int J Cardiol 2013;168:3556-9.



