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SUMMARY .

To determine the left ventricular ejection time
by nomninvasive examination of the heart,
measurement from the carotid pulse has been
used. As simplification of this complicated
method is desirable, for mass survey of large
populations, the correlations of the left
ventricular ejection time sought from the carotid
differential pulses, and the left ventricular
ejection time sought from the carotid pulse and
aortic valve echo were studied in 34 cases. Good
correlations were observed with coefficients of
0.97 (P<0.01) and 0.95 (P < 0.01), respectively.
Therefore, it can be expected that measurement
of the left ventricular ejection time from the
carotid differential pulses can be practically
applied as a simplified method in mass surveys.
Use of differential pulse will also enable auto-
analysis by computer, which not only would be
applicable in mass surveys, but perhaps would
become a very effective means of observing
changes in left ventricular e¢jection time in
pharmacological intervention, etc.

INTRODUCTION )

The method of seeking the left ventricular
ejection time from the carotid pulse is known to
have a good correlation with the invasive
measurement, and it has been used in routine
clinical practice and research as an useful
procedure for evaluating the left ventricular
function.!™® Measuring left ventricular ejection
time from the carotid pulse is relatively
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convenient for a small number of examinees, but
it has the disadvantage of being too complicated
for use in mass surveys and in measuring many
heart beats even in a small pbpulation. To
simplify the method of measurement, we have
determined the left ventricular ejection time
from the carotid differential pulse and studied
the correlation.

MATERIALS AND METHODS

The 34 subjects of this study consist of 15 heart
disease cases, 10 nonheart disease cases, and ¢
normal persons, for whom measurements of the
aortic valve echo, carotid pulse, and carotid
differential pulses were all satisfactorily recorded.
Their ages ranged from ¢ to 80.

The apparatuses used were an Echoline 20
(Smith Kline Inc.), a polygraph (Electronics for
Medicine Inc.), and a 2.25 MHz heart echo
transducer 15 mm in diameter with a repeat pulse
of 1,000 Hz,

The examinee was placed in a supine position
and the aortic valve echo was detected by
placing the heart echo transducer on the lefi
margin of the sternum in the third intercostal
space and directing the beam Inside and
upward.™® At the same time, an electro-
cardiogram (ECG) was taken and the carotid
pulse and the carotid differential pulse were
recorded on a strip chart. A paper speed of 100
or 200 mm/sec was used. The primary (first
time derivative of carotid pulse) and the secondary
(second time derivative of carotid pulse) carotid
differential pulses were recorded, and two types
of wave forms were recorded for the secondary
differential pulse using a 2,500 Hz filter and a
20 Hz filter.

The left ventricular ejection time was sought
from the carotid pulse (ETcp) by measuring the
time from the starting point of the upstroke to
the dicrotic notch.! For the primary differential
pulse (ETdp/dt), the left ventricular ejection
time was obtained by measuring the time interval
between the starting point of the upstroke and
the nadir of the end systolic wave. For the
secondary differential pulse, the Ileft ventricular
gjection time was obtained by measuring the
time interval between the early systolic peak and
the peak of the positive wave of the end systolic
wave. Two kinds of left ventricular ejection time
measurements were sought from the secondary
differential pulse, one using a 2,500 Hz filter
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FIGURE 1 METHOD OF MEASUREMENT
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(5) ETpq,

(ET2dp/dt (1)) and the other using a 20 Hz filter
(ET2dp/dt (2)). The left ventricular ejection
time was sought from the aortic valve echo by
measuring the time interval between the opening
point and the closing point of the aortic valve
echo (ETAov).®2 The measurements were made
for five consecutive heart beats for cach case
(Figure 1).

RESULTS

The correlation coefficient for ETAov and
ETdp/dt was 0.951 (P < 0.01), for ETAov and
ET2dp/dt(1) it was 0.959. (P < 0.01), and for
ETAov and ET2dp/dt(2) it was 0.957 (P < 0.01)
(Figure 2). Good correlations were evident for
the left ventricular ejection time sought from the
carotid pulse and the carotid differential pulse.
The correlation coefficient for ETcp and ETdp/dt
was 0.975 (P < 0.01), for ETcp and ET2dp/dt(1)
it was 0977 (P < 0.01), and for ETcp and
ET2dp/dt(2) it was 0.973 (P < 0.01) (Figure 3).

The mean error between the measurec_l values
(Table 1) was 4.76 £ 1.08 msec between ETAov

L0 (ET2dp/dt{1) ) ¢ 20Hz7 4 ¥ — R fERAL X
L (ET2dp/dd2) } o 2z 2w TR A AWK
Fera—H5lE, AEMRFETD— (ETAov ) @ opening
point & closing point @ 2 AMOXM 2 WEL T,
EERLEE %K .8 DL RGBS SERIZo &,
BEELAZSLOHAIZYWTHTF-A(RL).
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ETAov & ETdp/dt o) #iBI{E#£120.951 (P <0.01)
T &%, ETAov & ET2dp/dtl) & HM{EH I
0.959 (P <0.01), ETAov & ET2dp/dti2)oh % iz
0.957(P<0.0)THh-~(H2). HEHFRMEL A
B oRD SN AESHBEMIIOWTERGEAMN
HrEe s, ETep & ETdp/dt @ HHEZEEIL
0.975(P<0.01) &Y, ETcp & ET2dp/ddl)
RS 10,977 (P < 0.01), ETep & ET2dp/dt2)
DENROII(P<O.0)TH-A{RI).
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TABLE 1 CORRELATION COEFFICIENTS AND MEAN ERRORS
#1 HEEEEVRERSERE
CP-DP/DT  CP-2DP/DT(1) CP-2DP/DT(2) Aov-DP/DT  Aov-2DP/DT(1) Aov-2DP/DT(2)
r 0.975 0.977 0.973 0.951 0.959 0.957
Average 557+065 544077 476:1.08 797099  802:0098

Differcnce* 2-42 + 0.70

*Average difference between values obtained by two methods.

and ETdp/dt, 7.97 + 0.99 msec between ETAov
and ET2dp/dt(1), and 8.02 * 0.98 msec between
ETAov and ET2dp/dt(2). It was 2.42 £ 0.7 msec
between ETcp and ETdp/dt, 5.75 + 0.65 msec
between ETcp and ET2dp/dt(1), and 544 £ 0.77
msec between ETcp and ET2dp/dt(2).

DISCUSSION
The left ventricular ejection time calculated from
the carotid pulse as a noninvasive method cor-

IoeAEIL LI MEMOSOT.
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related well with that obtained invasively.!'>*

Measurement of this ejection time by the carotid
pulse can be a good index for evaluating the left
ventricular function, but has the disadvantage of
being complicated for use in mass surveys and
simplification is desired. Application of carotid
primary differential pulse as a tentative method
to this end has been reported® but we have
studied the possibility of applying both primary
and secondary differential pulses in the measure-
ment of left ventricular ejection time. In the
present study, every differential pulse showed a
good correlation to both ETcp and ETAov, but
ET2dp/dt(1) showed the best correlation to both
ETcp and ETAov. This is probably attributable
to the difficulty of establishing the starting point
of the upstroke in the measurement of the
primary differential pulse and the mixing due to
low filtering of elements other than the carotid
pulse in the measurement of the secondary
differential pulse using a 20 Hz filter. It is
considered that the most satisfactory correlation
was demonstrated in the measurement of the

EECCBRCAMMEERT. 2 BEHRRIZES
EEREEBMoflE, ELREZFMTIET
BWwigiEL 2 0B s, 2HOERELARLET S
mass survey ILEW TR EZDMEHBERLEETSHD
WAL A EEha. CRETIEEDRS L L THE
BRI 1 RMAEEBALARE? B34, el
1k, 2REAPBECHFIZ > W T EERE
EEFMBEA~DIAOMEEE R L . SEOBRE
TUE B L 12 ETep & ETAov O A 14 L
BuiAMiELR L & H, ET2dp/dtl) & ETep &
ETAov OEFIZMLTHES BOHEMERL 2. Th
3, LAR#SHEOHEEIZS W TIX upstroke BEE 5D
WMoHFIcEgES A SN, 20Hs 7 4 7 —EBD 2K
EOBEEIZE T low filter ) 7 & 12 AR
RS EFENRAELT 0L ELRS. 2,500
Hz 7 4 V¥ —EHD 2 KA BRIZ>TIE, 20
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secondary differential pulse using a 2,500 Hz
filter owing to the clarity of the points of
measurement, these being the early systolic peak
and the peak of the positive wave of the end
systolic wave, and the removal of elements other
than the carotid pulse by high filtering. In view
of the above, it seems that application of the
carotid differential pulse to measurement of the
left ventricular ejection time is fully possible and
that use of the secondary differential pulse

H05E & A% early systolic & end systolie wave &
positive wave DB/ —7 Th 5 L v IRlE LD
X 3 & 4o high filter 1 & b ) IR BLL 50 B HEAH
BEandisd, RLRVENEERLELOES
iohs. UEofSsrs, BHRMIEOEEHED
EMAEA~NOBRIE-FFETRELOTHY, 2,500
Hz 7 4 V¥ — (RO 2RBABEFFEHETHS LER

employing a 2,500 Hz filter is the most suitable sh3.
method,
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