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Summary

Left ventricular function was evaluated using parameters derived from the flow velocity wave-
forms at the ascending aorta as obtained at the suprasternal notch by continuous-wave Doppler echo-
cardiography in 39 patients; 12 with chest pain but without coronary stenosis, eight with angina
pectoris ; and 19 with myocardial infarction. Peak flow velocity and the time interval from the be-
ginning of the Q wave of lead II of the ECG to peak flow velocity (Q-V peak) correlated with
specific invasive hemodynamic parameters, such as max dp/dt and (max dp/dt)/IP (IP: total left
ventricular pressure at the same instant) during isometric contraction of the left ventricle measured
with a catheter tip manometer, and left ventricular ejection fraction (LVEF) obtained by bi-plane
cineangiography (using the area-length method).

There was no correlation between the peak flow velocity and the invasive hemodynamic para-
meters. However, significant negative correlations were observed between the Q-V peak time and max
dp/dt, with r=0.40 (p<0.05), and between the Q-V peak time and (max dp/dt)/IP with r=—0.61
(p<0.01). A negative correlation was obtained between the Q-V peak time and LVEF (r=-0.75,
p<0.01). The regression equation was LVEF =—0.67 x(Q-V peak)+ 176.

To compare the effectiveness for predicting LVEF between the Q-V peak and the estab-
lished systolic time intervals as PEP and PEP/ET, these time intervals were measured from flow
velocity waveforms invasively obtained with a catheter-type electromagnetic lowmeter inserted into
the ascending aorta in 14 patients selected from the original subjects. In this study, the Q-V
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peak interval was considered to be most sensitive method of the three time intervals for LVEF
(r=—0.73).

It was concluded that left ventricular function in coronary heart disease can be noninvasively
evaluated using the Q-V peak interval, even in patients with left ventricular asynergy.
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Fig. 1. Simultaneous recording of continuous-wave Doppler echocardiogram and elec-

trocardiogram at a paper speed of 100 mm/sec.

The peak flow velocity at the ascending aorta and the systolic time interval from the beginning
of the Q wave of ECG to the peak flow velocity are measured.

CW =continuous-wave Doppler echocardiogram.
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Fig. 2. Correlation between the Q-V peak time
and max dp/dt.
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Fig. 3. Correlation between the Q-V peak in-
terval and (max dp/dt)/IP.
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Fig. 4. Correlation between the Q-V peak inter-
val and left ventricular ejection fraction (LVEF).
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Fig. 5. Histogram illustrating percent difference between the two observers for individual

measurement of the Q-V peak interval.

The mean percent difference between the two observer values is 3.2%.
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Fig. 6. Correlations between the three systolic
time intervals and left ventricular ejection frac-
tion (LVEF).

These systolic time intervals are measured from
the flow velocity waveforms obtained invasively with
a catheter-type magnetic flowmeter inserted into the
ascending aorta. Three panels show the relationships
between (Q-Vpeak) invasive and LVEF (upper), the
pre-ejection period (PEP) invasive and LVEF (mid-
dle), and pre-ejection period/left ventricular ejection
time (PEP/ET) invasive and LVEF (lower).

— 461 —



KFE, B, #E @»

2T, L bDIRFEEoEick 5850
iz, HEY BIFTIERVWET S Lambert 519
DEERDB. i, ML L bIBEEANCBY
<1 peak flow velocity 3fETF+ B L &hTn
B9z iz, I X 3 EENEEOIRT
LEET 508, INEHIC X 5 KEBIREIAEIEKRS &
UHRh o 7= H202) | EREiz peak flow velocity %
HET ZLoOEESL—FLEELXDRLTY
B KONGRS R FREICKATY
fete®, ThoOHBEZITEERDS. &
21X, ETKEIREEHET peak flow velocity # il
BT 5z LT & AR O FHEIE, Ho peak
flow velocity # I+ % = & ORI ARFEE L b
Y R L E T

AWFgEIz I i % systolic time interval, 474 b
t, Q-V peak i, Z£Z » pre-ejection period &
AT RERER M M ILERE O T H 5. A=
IRFEMEAME T L7ck; PEP 2ER+ 32 Lid X<
Mo TWBE), FERRICEZNEEER TR, £
T RBIREE H B K LT NEEEE, SEhEEE MK T
FrzBmbhTnwa!™®, #EIY, EXEH
EOKRT LIERICBWT, BRHMLHE S K EE
ICET B OICEREEL, EATKEIRIMLEMN®ER
BERET 3 LEXOND. ZThwixzhbof
<55 Q-Vopeak iz, PEP B, LT KBHIRIM
TN B b, X ) S A IENE 0
Bl KT 3RS 5. Z0ORICER LA
W x o777, Q-V peak [ 3ERUNHER & £
BRH#O—E L VR S5 e w, SRIHEY -
I 4535 H8 max dp/dt?, (max dp/dt)/IP1%1D,
B X OEEEHY - IiEEREE LVEF g
L OBfEE BE L7z, Q-Vpeak & max dp/dt,
(max dp/dt)/IP izix, zhZh r=-040 (p<
0.05), r=—0.61 (p<0.01) OFELRAMBIRRD
bh, Q-Vpeak & LVEF iziz, &bicRiFh
r=-0.75 (p<0.01) D AIBREEARERD . D
R 5 Q-V peak I HERUFEH & v LEEHMZ
IRMT 5 LBRT 52 L b TE 50, MRE
BT LVEF oaBASRINEREEC

I Db k&L, LY BFREENES RN
bhHdEBEbh5.

EHEERICB VT, EERECBMANIEEL
LT LVEF 2 w3 Z L B% i, Q-V peak
L LVEF p@fgiconwT Xic il . 7,
Q-V peak BFfIcRIET OB OEBEEET S
7z Q-V peak # RR [fg THIE L 7z Q-V peak/
VRR & LVEF of% bt LS, Rk
DHEFEShEP o7, ZhiT, HHE LIE
BHCE LWHEIRRBIROFIZEEh TR 530
¥ 50~98 beats/min BT, Lo Q-V
peak IZE 2 3BT /&bl Bbhic. ¥
7z, Q-V peak BRI X 9 7 HeldE v BREIEIG
DEF FH UL O FEE 2 R A 5 B, FH
FHOREBECHVWERENERS NS, e D
g T, Q-V peak B0 RIEMED XS > &3,
S AOHBEETEY 32% LB T/hEL, &
BE HEERE L LT, TR ICH XS
5HDOLERD.

Weissler 5131493 R4 iz PEP 3ER
L, EERHER] (ET) »EHE+ 5 L@ L.
¥ 7z, Garrard 5943, fEx OLREE HHRIC
PEP % Xt PEP/ET ¢ LVEF offic, #h*
h r=—069 (p<0.01), r=—0.90 (p<0.01) DI
WiCREFRAMEEE#REL, PEP, PEP/ET »37%&
BHEEOIRIEL R Y BHZ L E dR. LaL,
St & ARFZE & R UM DRBIC R - 72 g 0
PEP/ET ¢ LVEF ofaffEix r=-077 &
FEROMBEREEICH LIEY. Fx o Q-V peak »
BEERIER 2 R0 3 5 KB L T, AgiEL Weis-
sler &18~19 o> systolic time intervals & DEL %
BTz EMNERERBELLLARY. TOR
RO MCT B DX, R—EFIIKBWTR—
F TR Q-V peak, PEP, PEP/ET %k®
BrLNQELEZLND. BHEEH LSS EE
WKy 75— 3B X 5 KBIIREEH LT 0 FEék T
i, MREEEEOSEL EBRD R, RTREYRE
+5z LixHEET, #h Xty PEP,ET #ERkC
KRB ERITE ARV, 2hwx b 7 EBERR

462 —



BEHE LITRBIRICHEA L, 6 h B s
& (Q-V peak) invasive, (PEP) invasive, (PEP/
ET) invasive 5l L 7. zhbo 3 $5iEs
LVEF o#HB{&E <X, (Q-V peak) invasive #3
BLEh TV, :

4H, BlEMREBEEICEWTLT 2k
BXNAEOREETHY, LDxa—HREO—RL
LU CHEEEE Ky 77 —kE 17w Q-V peak Fifflic
Lo EEMETMEZ T, BERRELAE TS
T L DL WML OCHERERH E X Y ERAIC
LBdLEXS.

o

L itk REREE RIS, HEEEFy 7
7 =2 X 3 BT RBIIREE I i Fi s & OB
DREIFEFE N LB/ T A —F— L, BMMES
B REIEE ¢ & 5 max dp/dt, (max dp/dt)/IP
B XU LVEF of@z#matLie.

2. FfPKBIREEHIE peak flow velocity &,
EESRIHESEE max dp/dt, (max dp/dt)/IP
B XUBEHSIgE LVEF (c3HEz RBo ko
7=.

3. FHxDEE L% LV systolic time inter-
val (Q-V peak) %, max dp/dt, (max dp/dt)/IP
tzhZh r=-040 (p<0.05), r=—-0.61 (p<
0.01) o ERAMEERL, LVEF L3 r=—
0.75 (p<0.01) D& 5 ic BRIFRAMBIEFRE RL
1.

4. Systolic time intervals &1, Q-V peak,
PEP, PEP/ET ow¥h s LVEF 2 X v BL{K
Mt %%, EfTREIRCEA L) 5 RRER
TREFHT X 2 MFEERE R T 0 time intervals L
HMELTHRA L. 2ofR, 3EOHEEDS
5, Q-V peak BELEHA TV,

5. BifELSEERIZEB W T, LV systolic
time interval ©&% % Q-V peak # v TEREI
FEFRRE & JEBLILAY I 3 L5 2 LSRR L 7.

B

R K v 77 —HEIC X 5 e RIEEAE

E #

AT REHAR MLHEHEE BT & i K v 7° 5 — ¥k
lZE VR, zh LLBERORRETTHKE VB
FA—s—k, EBEIEEED BfRE RITL .
SR RREGERE 12 4, FIEMENOLEE 8 i, O
FHEE 19 plo &5 39 T, TRHMPEAMLIC THaE
EBEX Y ETRB)IREE H L 5 % 48 %, line-scan
recorder |Z#E3% Y @A 100 mm/sec TLOEME
IIFE L FRESE L. 2hk Y, EITKRBIIRE
RMFEERE &, DER Q KO b Z ORI
ETORM (Q-Vpeak) 2FAIL, i b=oD
NI A==k, RABBITLEELHTE (BT
o=/ A— 5 —fER) 12 X 2EAIHEH O IEE
148 [max dp/dt, (max dp/dt)/IP], A= —=FMm
RG2S area-length 3ET3R 7 BRI O ULHE
R (LVEF) Ltoffze Rtk & b1,
Weissler 5% (PEP/ET) & PEP o 2 jgiE L
Q-Vpeak ownFhRERINHEELZ B RT3
PERFL 2.

B ARMFE#E & max dp/dt, (max dp/dt)/IP,
LVEF e fFEALMHEBEEGR2RRL, —F, Q-V
peak & max dp/dt, (max dp/dt)/IP izix, *h
Zh r=-040 (p<0.05), r=-0.61 (p<0.01)
DEERAMBENRH 7. Q-Vpeak ¢ LVEF
i2iE 1=—075 (p<0.01) Dk BIFA LIRS
B ohi (AR : LVEF=—-0.67 x Q-V peak
+176).

7 BRI 3D sys-
tolic time intervals, +7: % (Q-V peak) inva-
sive, (PEP) invasive, (PEP/ET) invasive &
LVEF :ofapg<ix, (Q-V peak) invasive 3
LVEF #RM+ 2B LBVIEETh o (r=—
0.73, p<0.01). L7ci->TzZ 0fiEE v, HEifl
L0 ERINHERE & FEBMA > ERAICIE L 5
BLELII.

X ik
1) Noble MIM, Trenchard D, Guz A: Left ven-

— 463 —



KFE, P, HE @»

2)

3)

4)

5)

6)

7)

8

~

9)

10)

11)

tricular ejection in conscious dogs: I. Measure-
ment and significance of the maximum accelera-
tion of blood from the left ventricle. Circ Res
19: 139-147, 1966

Nutter DO, Noble R], Hurst VW : Peak aortic
flow and acceleration as indices of ventricular
performance in the dog. J Lab Clin Med 77:
307-318, 1971

Harada Y, Sugawara M, Beppu T, Higashidate
M, Nakata S, Imai Y : Principle of a noninvasive
method of measuring max (dp/dt) of the left ven-
tricle : Theory and experiments. Heart & Vessels
3:25-32, 1987

Sabbah HN, Przybylski J, Albert DE, Stein PD:
Peak aortic blood acceleration reflects the extent
of left ventricular ischemic mass at risk. Am
Heart J 113 : 885-890, 1987

Bennett ED, Else W, Miller GAH, Sutton GC,
Miller HC, Noble MIM : Maximum accelera-
tion of blood from the left ventricle in patients
with ischaemic heart disease. Clin Sci Mole Med
46 : 49-59, 1974

Sabbah HN, Khaja F, Brymer JF, McFarland
TM, Albert DE, Snyder JE, Goldstein S, Stein
PD: Noninvasive evaluation of left ventricular
performance based on peak aortic blood accelera-
tion measured with a continuous-wave Doppler
velocity meter. Circulation 74 : 323-329, 1986
Mehta N, Bennett DE : Impaired left ventricular
function in acute myocardial infarction assessed
by Doppler measurement of ascending aortic
blood velocity and maximum acceleration. Am J
Cardiol 57: 1052-1058, 1986

Gardin JM, Iseri LT, Elkayam U, Tobis J, Childs
W, Burn CS, Henry WL : Evaluation of dilated
cardiomyopathy by pulsed Doppler echocardio-
graphy. Am Heart J 106: 1057-1065, 1983
Mason DT : Usefulness and limitation of the rate
of rise of intraventricular pressure (dp/dt) in the
evaluation of myocardial contractility in man. Am
J Cardiol 23: 516-527, 1969

Veragut UP, Krayenbiihl HP: Estimation and
quantification of myocardial contractility in the
closed-chest dog. Cardiologia 47 : 96-112, 1965
Chung DCW, Chamberlain JH, Seed RGFL:
The effect of haemodynamic changes on maximum

12)

13

=

14)

15)

16)

17)

18)

19)

20)

21)

— 464 —

blood flow acceleration at the aortic root in the
anaesthetized, open-chest dog. Cardiovasc Res 8:
362-372, 1974

Dodge HT, Sandler H, Ballew DW, Lord JD:
The use of biplane angiocardiography for the
measurement of left ventricular volume in man.
Am Heart J 60: 762-776, 1960

Weissler AM, Harris WS, Schoenfeld CD : Sys-
tolic time intervals in heart failure in man. Cir-
culation 37: 149-159, 1968

Weissler AM, Harris WS, Schoenfeld CD : Bed-
side technics for the evaluation of ventricular
function in man. Am J Cardiol 23 : 577-583, 1969
Garrard CL Jr, Weissler AM, Dodge HT : The
relationship of alterations in systolic time inter-
vals to ejection fractions in patients with cardiac
disease. Circulation 42: 455-462, 1970

Lambert CR Jr, Nichols WW, Pepine CJ: In-
dices of ventricular contractile state: Compara-
tive sensitivity and specificity. Am Heart J 106:
136-144, 1983

Levy B, Targett RC, Bardou A, Mcllroy MB:
Quantitative ascending aortic Doppler blood ve-
locity in normal human subjects. Cardiovasc Res
19: 383-393, 1985

Gardin JM, Davidson DM, Rohan MK, Butman
S, Knoll M, Garcia R, Dubria S, Gardin SK,
Henry WL : Relationship between age, body size,
gender and blood pressure and Doppler flow
measurements in the aorta and pulmonary artery.
Am Heart J 113: 101-109, 1987

Stein PD, Sabbah HN, Aronow WS, Alam M,
Rosman H, Silverstein J, Reddy K, Smith S,
Kemp SR, Frank DM : Effects of age upon left
ventricular performance. Am ] Noninvas Cardiol
2: 155-159, 1988

Gerstenblith G, Frederiksen J, Yin FCP, Fortuin
NJ, Lakatta EG, Weisfeldt ML: Echocardio-
graphic assessment of a normal adult aging popu-
lation. Circulation 56 : 273-278, 1977

Gardin JM, Henry WL, Savage DD, Ware JH,
Burn C, Borer JS: Echocardiographic measure-
ments in normal subjects: Evaluation of an adult
population without clinically apparent heart dis-
ease. J Clin Ultrasound 7: 439-447, 1979



