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Summary

Continuous wave (CW) Doppler ultrasound has facilitated accurate estimates of pressure gra-
dient (PG) across a stenotic valve. However, the severity of stenosis cannot be assessed using PG alone
because it is dependent on actual flow across the valve. In this study, Doppler techniques were used
to predict PG and aortic valve areas (AVA) in adults with aortic stenosis (AS).

Fifty-four adult patients undergoing cardiac catheterization for suspected AS were prospectively
evaluated. There were 28 men and 26 women, who ranged in age from 25 to 68 years with a mean of
56 years.

These Doppler ultrasound studies were performed using a 2 MHz transducer and an Aloka SSD-
730. With CW Doppler ultrasound, the highest velocities of the aortic jet were recorded from an apical
approach. Left ventricular outflow flows were recorded about 1.0-1.5 cm below the aortic annulus
using high PRF.

Doppler waveforms were analyzed for the AT/ET (AT: acceleration time, ET': ejection time),
and Doppler PG was calculated from the maximum velocity (V) of the aortic jet based on a modified
Bernoulli equation (PG=4V?), and aortic valve area was obtained using the continuity equation-
(AVA=left ventricular outflow tract stroke volume+AS jet velocity integral). These data were com-
pared with hemodynamic data obtained from cardiac catheterization.

The following results were obtained:

1. In eight patients with substantial aortic regurgitation, whose maximum catheter PG were from
20 to 45 mmHg, the AT/ET was less than 0.30. The ratio of AT/ET correlated with the peak velocity
of the aortic jet (r=0.88) and the maximum PG (r=0.87) obtained from cardiac catheterization.

2. In 46 patients with AS, the maximum PG by CW Doppler showed an excellent correlation
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with maximum catheterization PG (r=0.97, SEE 6 mmHg), and the mean PG as calculated by the two
techniques also disclosed a good correlation (r=0.97, SEE 5.4 mmHg).

3. Aortic valve area (AVA) calculated noninvasively using the volume flow in the left ventricular
outflow tract and the systolic velocity integral of the aortic jet correlated well with the aortic valve area
determined at catheterization (r=0.87, AVA (cath)=0.86 x AVA (Doppler)+0.12 cm?, SEE 0.23 cm?).

4. Defining the critical AS as AVA<0.75 cm?, 15 patients had mean PG greater than 50 mmHg,
but the remaining seven patients did not. The Doppler AVA and mean PG better identified patients
with severe AS.

It was concluded that in technically adequate studies, Doppler techniques correctly distinguish

critical from non-critical AS.
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Table 1. Patients’ data

NSR AF
25 21
MVD 7 21
AR
Absent 4 0
Mild 15 18
Moderate 6 3

NSR=normal sinus rhythm; AF=atrial fibrilla-
tion; MVD =mitral valve disease; AR =aortic regurgi-
tation.

HIEO Tl L BELHIOF28H, YVav~<F
O REIFIEEE 2 7 L Tz (Table 1).

DEHF—F I

k- HbhF—5 4% fluid-filled o double
lumen # 7 —F 1 2 AW TV, £ TKEIR &
ELEOFRBEEHERET o HohiEhiR L
Y, maximum, mean, peak to peak » 3 ->D
AV-PG 2HH L, AT SO, LEAS
T 100 EEH L TR 2 (Fig. 1). FRE
WEH, BFEREDL L Fick iz cbBbE
RREL, 2WTKBIR EEERE, dSRBIRE
BEfTv, KBIRFPERORE L ERBIRFE D
BEERNI.
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FRLLEBR 7 A=V 2 X ¥
SSD-730-fiBc=a—, “A R BXUHEEEEF v
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Fig. 1. Aortic and left ventricular pressure tracings from a patient with AS.
The maximum (max) instantaneous PG represents the greatest difference at any points between
the two curves; the peak to peak PG (P-P) is the difference between the two peak pressures, and the

mean PG is obtained by planimetry.

77 —HEREBT, —AROBEMTFTSALR - Fy
TS —LELEREF Yy 5 —EE2THY 2 L BE[EE
Thsd Az Ry 77—, RIERKK
2MHz, ~n 2#935E LEAHKE (pulse repetition
frequency: PRF) 13 42KHz 5% 192KHz %
TOREBF 2 ANTITY, £3.7m/fE compk
% aliasing # Bz Tz L BRT B LN
EThHs EEREFy 77—, HHLE
WBRICEBERE — LRt I—Y VI v ER
RL, MEBGBTEELLEE, ZOI—YNLT4
VEHHRRAIETHZLNTE, AL T5HRA
D E RS ICFRTHZ LBAETHS (Fig.
2).

Lra—[L Fy 77 —ERER, L7 —F
NV OREATHT 24~48 FEBILANICHEAT L7z, FEFNIE
FTRTERMBLE L, FtF20REicBNT

EERUMWEG #HE BFRE -8R
—INTA vEEERNE, KBIRF, LEITKH
MRz ESFRICH DY, BEFEERy 77 —&icT
KEARFO % @B+ 2 K% kL7 2V T,
high PRF ZHwic vz - Ky 75—z,
RERFER L v 1.0~1.5cm FoEZZFHH K«
sample volume % ¥ %, 72> L -5 sample volume
EPRBRFETOH M~ LBEL, S IcChmitE
DT 2ERNICT, EFEHHEOMEE 7 —
T REk LY.

Fy 75—k &Y ORI

WK F v 7°5 —hic X - TE b h - KBRS
mEHEK L v AT/ET (AT: acceleration time,
ET: ejection time) #4E3k®, Bernoulli mfif
5 (E#kzE=4xvelocity?) #% Al v T, maxi-
mum 3} X mean AV-PG #EHE L. ObHF
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Fig. 2. Two-dimensional and Doppler echocardiograms showing the method of measure-

ments.

Apical long-axis view of the left ventricle (LV) and continuous wave (CW) Doppler study in a

patient with aortic stenosis (AS) are shown. The maximum pressure gradient (PG) is derived from
the highest point of the velocity curve by the modified Bernoulli equation: PG =4 x (velocity)?. The
mean PG is calculated with our digitized computer. The ratio of acceleration time (AT) (defined as
the time from the onset to the peak flow) to ejection time (ET), AT/ET, is also calculated from the

peak velocity profile.
— 7V ERBRIC, TRFAHE T SO, DEME) T
F100MEEES L THEB L (Fig. 2).
XBRFOEHE (AVA) OFEE
/Ezé‘rs{f‘Hjﬁk Wi+ % Mg & KBRS O %
FAHMPBRFELNWENWIEZD L LT, il

) R
7= (mVLvoT = /258 i Y % © o e L, mVao

mVL\ OT X CSAL\ oT

DL Y AVA( L

= RERAIMGEE — CSALvor ==K
W T A)-

FEEFH WL, A= Rihlim i < R
IRFRERTE T DO PG & Y e S & KBRS OB
T E TRHL, zollEs BR R) LT
(R/2)2-7 THIM, ik 05 TR 2 KBRS0
MFEEE, 72 S LRI X Y 45 % o SR E
*#EE L, AVA Zskwi- (Fig. 3). LT, Ky
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Fig. 3. Method of calculating of the aortic valve area by Doppler echocardiography.
Transaortic stroke volume can be measured just below the stenotic aortic valve as the cross-sec-
tional area of the left ventricular outflow tract (A LvoT) times the mean velocity in the left ventricular
outflow tract (mV LvoT). As the volume of systolic flow through the left ventricular outflow tract and
that in the aortic jet should be equal, the aortic valve area (AVA) can be calculated as shown in the

formula.

75 — T 5z maximum, mean AV-PG,
AVA 237 —FLIETHELRI K4 Off L R
L.
b

DN F—F IV, EEHRR

D5 —F NV TE LI peak to peak AV-PG
L maximum AV-PG % i+ 5 &, r=096 o
W TBWHEMNE S h- (Fig. 4). 413 peak
to peak AV-PG=0mmHg ofEf|% AS &L &
L7z

AS #H+5% 46 loLsn T —F VTR T3,
mean AV-PG 1 15.2 mmHg~ 113 mmHg, AVA
X 029cm2~1.7cm2 Tho7z.

mean AV-PG=50mmHg, AVA=0.75cm? &
line TXABI|+ % &, mean AV-PG=<50 mmHg,
AVA<0.75 cm? DEIRITX 7 A 5, 4550

R

%% (C1)<22!/min/m? T -7 (Fig. 5).

KEIARFHEFRE 1T 42 Flic A b h, ko BE
% mild, moderate, severe ® 3 Bz HiF B &,
mild 33 5], moderate 9 5| Tdh - 7=. FEBIR
DOIREFH (17%) icH b iz, i bEiTIT
HickiF 5 50~75% DOIRETH -7z

Fy7S—bza—-EmE

56 pl&flicis T, LDREICERMMTFEESE, £
EEWmE%EDS L € 3 5-chamber 4 %1,
=Y N7 4 ik EZERHEE S KBARFH M IC
bbt, KBRS ZIEBET 5 M & EHE Ky 7
5 —¥ETEE L AS 48 HITix, 44 Il AERERS
CRSCESKSh, B 4HIETFREEDZ A I
VIR EE LS, FHlicleAbELOR
ABRWEF R — B E LR

AT/ET 2D\ T

B F v 7° 5 — i< Tiosk & h o KBRS 0 L
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Fig. 4. Correlation of the peak to peak catheter
PG with the Max PG in the 46 patients.

The regression equation is peak to peak PG=0.90
X Max PG—17.8. Closed triangles show the patients
with substantial aortic regurgitation. In these 8 pa-
tients there is no peak to peak PG, but the max.
catheter PG is from 25 to 45 mmHg.

mlmHg °
€100} oo_ © NSR o
< > twcia
0 "
» o
g Oo o o
2 50 . ° &
>3 L
[ ]
[ ] o.' .. °o° o ® o
[ ]
. !} ®
} ’ 4 —-
0.5 1.0 1.5 ™2C
AVA (Cath)

Fig. 5. Comparison of mean aortic PG and
AVA at cardiac catheterization.

Critical aortic stenosis is defined in this plot by the
vertical line at 0.75 cm?2.

Low C.I.£2.0/M?/min.

s —r kv, &6 ATET pEJBEH s
z. Peak to peak AV-PG=0mmHg #7R% L7 8
o AT/ET 34+ _RT 03T Thote. HBYD
AS » B+ 2484z, AT/ET 1z 0.31~0.48
#5w L7 (Fig. 6).
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Fig. 6. Relation between the AT/ET derived

from the CW spectrum of the aortic jet and the

catheterization Max PG.

Fairly good correlation exists between the AT/ET
and Max PG (catheter), with r=0.87. The ratio of
0.30 successfully separates those with AS from those
with substantial aortic regurgitation.

Table 2. Comparison among pressure gradients,
the peak velocity and the AT/ET

Total SRN AF

Comparisons (n= (n= (n=

46) 25) 21)

Peak velocity(D)—AT/ET 0.88 0.89 0.85
Maximum PG(C)—AT/ET 0.87 0.88 0.83
Mean PG(C)—AT/ET 0.86 0.87 0.83
Maximum PG(C)—Maximal 0.97 0.97 0.97

PG(D)

Mean PG(C)—Mean PG(D) 0.97 0.98 0.96

PG =pressure gradient; (C)=catheterization; (D)
=Doppler.

AV-PG :roficix r=0.87, AT/ET L XBilk
FpOMmH > poeak velocity & izt r=0.87 o
EARA 2 HEREREE 2378 b h, maximum AV-PG
DR E L R BIPE, KBRS D MFE O EREE K
v 75—, WML EFORICE
SLEAMS A BTz, CIZL2.0/min/m2 5k Lz
low CI #0343, ATH~ThaEm1E%0
iz (Fig. 6).
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Fig. 7. Comparison between mean PG (right), Max PG (left) measured with Doppler ultra-

sound and those measured at catheterization.

There is a good correlation between the data obtained by both methods (mean PG, r=0.97 ; Max

PG, r=0.97).

AV-PG O Hi#%:

Fy 75—k X > THEH &h{z maximum,
mean AV-PG t, LDhF—FNERRE>TEDS
hickx Ok, LEMS), FAEICHT THEE
L7 (Table 2). w¥h o AV-PG LiRFEEDH
PRV 2R LI, EHI%E» TH maxi-
mum, mean AV-PG & % icilEficiz r=0.97
DG ¥ T WHEBBR RS b hie (Fig. 7).

BB Ry 77 —RERLLN T —F VTR D
DI DER, +6% LINTH -1z

AVA QO

BRo &<, EREF Y 77— ik ) KB)
BRSO M % — > %, high PRF #:c X v £
TR AT & — > 2 5EH L TR OB O O
HEZEH L, WHBEIC TR ESKHEE @
BEERORICRAL T, BEH D AVA &3k
7. HRBEZRFMHKICBIT 5 sample volume o
BEAE, LREH» D 8.3cm~129cm fEic
FELE. AVA 2onWT, FyFS5—Lih
F—FNEOHBE RS L, WFEME C5H) T
r=0.90, LEMBIF 1) T =084, &fkT
ix r=0.87 (AVA (% 57)=086xXAVA (Fy 7
5—)+0.12cm2-SEE 0.23 cm?) o B \HE 378

cm?
o 204
£
[¥) . .
< (-]
Z %
(-}
§1.o. 00 :‘go .
o
00008 [ ) ° ARO_ .Id
[e)
° onmgrum
o Y=0.86X+0.12
r=087
™ 10 ' 20™

Doppler AVA cm?

Fig. 8. Comparison of AVA calculated by Dop-
pler and that determined at catheterization.
Results from patients with moderate aortic regurgi-
tation are included (closed circles). For the total
group, closer agreement (r=0.87, AVA (cath)=0.86
AVA (Doppler)+0.12 cm?, SEE 0.23 cm?) is noted.

b (Fig. 8).

P& EE DL E o KBIARFWFAE D A6 9 6 (R
W 6 fl, LS 3 H1) T, AVA BEHicki 3
KENRFE T DI >WT I, FMETE A2
-7 (Fig. 8, Table 3).
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Table 3. Comparison of AVA (r value/n)

Total NSR AF

AVA(C)-AVA(D) 0.87/46 0.90/25 0.84/21
AR: none-mild 0.85/37 0.94/19 0.79/18
AR: moderate 0.88/9 0.86/ 6 0.89/ 3

Abbrevations: see Tables 1 & 2.

z z

Fv75—ick? AV-PG n&Hi, #A
WEr@ET s HHEC KELEFELTVWS Y,
DHEHEET 2k EF i AV-PG /b &l
HH&h, AS oEEEHEICE AVA L FERIC
NETHBZ LiZFmnz L Ths. Yeager 5
DOIERF TiX, mean AV-PG 30 mmHg LLTF D
Rz, 26 AVA 13 075cm? Pl ETh ol &
EhTwan, SE0KL OREF T, AVAS
0.75 cm2?, mean AV-PG <50 mmHg o 7 i34
FILHSEEIR T 8 & 5, 2D H b 4 fliZ mean
AV-PG 30mmHg DI F &L TWe. FEDZ
Liz Otto p2ick-ThifiEshTRY, AW
Cl #RTEMBEREFEZVWIICLTTHT S
P, BHTEETH Y.

AT/ET [2DW\T

AS oEREMIZOWT, RERIC I BLHES D
&K peak MUEHIBE~LTHh T ZLER
LampbhTnws. EEREPER TH S HITIE,
KERIML E D Ky 7 5 —EH O AR Gtk 5
JExt R 2% AT/ET & peak to peak AV-
PG® L ofliconToRERZOIBM, K
BINRILE O FEE A X maximum AV-PG %%
By 2b0THYY, HEFEOEESHh AT/ET
T, RBHIIRITBELVEHBP.

LE O TIX, aortic jet DI X v FH
L7 AT/ET L E@EtE & oMz r=087
(A7 r=0.89, .LEMS) 0.84), £l T —7F
AMEX Y ELh maximum AV-PG & officd
r=0.87 (GRFE#E 088, .L.FEHMSE) 0.83) nFEL
FHEEBR A E L .

HHE 0K & WABIIRFHHAE 8 il AT/ET
345 03 LLFTh b, CI<2.0)/min/m? 7R L
TR SRE 3 FI T, B o ICERBER
YW ETFTH~:FhTiY, AVA AV-PG n &
LIPS WELBER2F L, BOBOOKEDR
e ATET 2 B8Eic+5Z Lick > T, RS
MICBEirliEL ZExbh 5.

EEEDHEEIZDONT

LEO#BETIE, DITF—FNIEXB AV-PG
PRERFT T KBIPRD £ © FBRERIE T17
W, Bohi-Ei# X Y maximum, mean, peak
to peak @ 3 o®» AV-PG %3k®», Ky 75—k
X vk 7z maximum, mean AV-PG L #tL
7z. Maximum 3 X' mean AV-PG L {2 F
v 75 —HLELITF—TFNEEORIZIEERD T
BWHEE ELh, DEMEIEZE L TWT IR
BT L AL Eb R ol & KBRS
BIUEMEET2OFEED, AV-PG offEic
BLTREBLASEBIA AR Blxic
WIT LD F—FARERL Fy 77 —RER
OB DOER, £6% UNThoTZ & &
WHBOERLEZ OIS, EROMETE, F
v 75— Eh T — T vk L O oK
0.72~094 L RERENRHZLNBNY, Ky
5 —REBOIRET O ALE 2, DRE, WAL
B, MELERLEL—ELTWREPoI LHBR
HEEx b3, Smith & OB ERY TREN
3 &9z, M+ 3BEEE— AFRBEST
KEFHE, Fy 77 —Eebh7—TrikED
fic 1=0.99 oFWHEEREOh B, KBIR
FOMFBEOHE, By 77 —OBFKE —
LlER E2ELNE, DRE» SEEFHME, X
BIRS, EATKBIR~ LHEST 7 v —F OFHER
KELELZDND. EROBEFR O L AL LN
non-imaging ¢ single probe T &h, FH/N
EVRTHBIELE L, Fka i bitdksh
ez L, 2 xo THEREAES LFRRE LB
bhs.

AEEMA O imaged EfEH F v 77— TR,
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Ky 77 —EHDXRZEVHBHREDO I — Y VR
Zi-oTREh, WPLRPRELEOZ A I 7%
EHRBTLIZEST, 2HLREH»DL Ry 75
—FEERFETHENTE .

AV-PG ol#ch r=0.96~0.97 OF R
rErESHh, ATET Lhs—Fric ks
maximum AV-PG ¢ offjiz r=0.87 ofEEFREK
BRLhIDL, 0B BBIEKL, LR
77 —FOEENERLTWSLDOLEXLR
53)_

AVA S FORMES

JEBREIc AVA 2Rk 5 HkkE LT, EfFK
Bk, MBARCEIERDZ BBT s MKE XV
stroke volume #ZH L T, Gorlin o X v =k»
ZHEOW L, KERAT & F LoBBMLKE
HELWEWIEREOR L YRD B 2 >DHER A
H5. EEKRE, BEPRECHIESR KBRS
WOBHBL N L XY, %HEOEFEOROSH
FEREh2253%, WFho FEIZBNTD,
% % fEgk+ 5 sample volume DfIEREHNE
BERREL R ->TL 5. SEOHETIE, sample
volume DEBEFEAEIX, LREA»H 8.3cm~12.9
cm DAIEE T, BLUY, BFRMHE ¥ — %5
57z wizix high PRF o cCFRTh o 12,
DAF—FNEE Ry FS— EoficE, =
0.87 L&\ WHEE M E & 72 H3, sample volume o
ERBREICITEEE L EREZE L, flow mapp-
ing O ERFTPLETH Y.

BRERM A AMEIC DT

SEOFL DL T, AV-PG 0BHEICOW
TRLHTF—FNELERE N Y 77—k & O
i, B TEVWHEB G . Wk kTS
Zix, DA TF—FNRICCRRTEEITO ONE
FELWE, LDITF—FNVOBENEES, Fv 7
S — RGO ORIER Y 2E2 5L, BIFARE
GREDERETEIPEMTHY, BT~ ICHE
fFLIEBRWHEBREAE I L v )R
H B, fho#E L EIEIC, mean AV-PG=50
mmHg DOEF2iE L A ¥ AVA i3 0.75cm? PLF

F v 75 — iz X 5 KBRS LSS AE D SE4fh

ERdicw, AVA oBHICELTREREEER
SofLMnh s, <4< mean AV-PG
FIREMCEHBT Az LIX - T, AS OEE
FHEOBIRICEABIEHEEX 2B TESIT
FTh 5.

-3 #

HEK Ry 77 —BoFHIC L ), REFOE
BREDTMESERICRENZ X ICh o T&E
B, WEFROEEEZIROZBBET 5 MHEE K
FLTWAERED A TRIMET S - Lix TS
v ARBFSEE, KEMRIRAE B 0 £ 2 KEIIRES
ZLKBRADEHROWRBIZEBNT, Fy 7 T—
EREZETHERA»ERE Lic. KEIRFIAEE
P8 COIEY T —F L EHEST LT 54 45 (5B 28,
# 26, fFiH 25 m~08 5%, W56 xtHEL
7o. FRHLEEBIZ7 = #H SSD-730 <, Wi
B EicBERE -2 hmMERRTES 2MHz 0
Bhhr & vz, KBRS D o B MF e 0
RIE VERRE F vy 75 —RICTEEL, EEH
& © o FEEE & KERA#H TS 1.0~1.5cm
DHEEIZ sample volume % ¥ %, high PRF &
TR L v REEK LT

BohteFy 77 —EE LY, KBIRHF DM
o AT/ET (AT : hnnsf, ET: BEHpERD, <
nx—A OfHRK P=4V3) X yE&KELRD,
¥ o ORN &V KBIRF R EE L KD, LhT
—FNEIIRDIEBOBODE LB L. %
DFER, ROEEBHE LT

L 279 o KBIIRAETRE 26+ 5 8 #lid,
BT —F N TR RKERZE 20~45mmHg %R
L7-2%, AT/ET 324 030 L FTh - 7. AT/
ET 3, KBIRFDRKRMFTEE & 13 r=0.88,
HF—=FNMCE BRERKERZE LT r=087 oEW
B ESR L.

2. KBIWRFIREEL AT 5 46T, Ry 7
GBI EoTHBIEL I T —TFNER L >TE
SRfEZ T S L, REEEETIEr=0.97,
SEHERETIE 1=097 OB WHEERES Tz
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3. KERFOEHCOVWT, FyFo—Hhkt
BTF—TNVECTHAIS W B T 5 L, 1=
087 (L hF—F L{E=086X Fv 75 — i+
0.12cm?) o BWHERRE S he.

4. KRFOEHE 0.75cm? PTFEZEEOK
BIARFILASIE & ERT 5 L, 15 i3 Ty EsE
50 mmHg %55 L7e#, 7632 hLFCh otz
Ky 77 —hic X 2 KBRS 0 EH & EHERE
DEMIZ X > T, EEDOKEINRAFPEES 2 A
RT3z LR TER.

ThbofERIY, Biict+AR2 Ry 75—
MK B2 LN TE 52061, FHBEIC
HIEDOKBIRFIRAEIEZ BT+ 5 2 L BFRETH
B LiEH L.
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