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Summary

Correlation of systolic time intervals (STI) measured by carotid pulse tracing with those
measured by echocardiogram was studied in 73 selected heart beats of 26 out of 175 patients using strip
chart echocardiography. Aortic valve movements during systole were also analysed. Simultaneous
recordings were made of phonocardiogram, carotid pulse tracing, aortic valve echogram and elec-
trocardiogram at a paper speed of 100 mm/sec. The intervals analysed were Q-aortic valve open-
ing (AO), Q-aortic valve closure (AC), Q-rapid upstroke of carotid pulse tracing (Car), Q-dicrotic
notch (DN) and Q-aortic component of the second heart sound (IIA or A,) intervals as shown in
Figure 1. LVET and PEP by carotid pulse tracing were measured according to the Weissler’s
method. LVET by echocardiogram was obtained by subtracting Q-AO from Q-AC. PEP by echo-
cardiogram was measured from Q wave of electrocardiogram to AO.

Although there was good linear correlation between the values of STI by both methods (Figures
2, 3 and 4), absolute values differed for both methods especially in PEP (p<{0.005) as shown in
Table 1. Many factors can influence these values, however, the difference may be mainly
explained by the fact that the first high frequency component of the second heart sound occurs
0 to 20 msec (mean 6 msec) after the aortic valve closure. Therefore, accuracy decreases if one
employs IIA-DN interval for the pulse transmission delay (cf. Table 2). Conversely, in 5 aortic
prosthetic cases (Starr-Edwards 4, Bjork-Shiley 1), closing click (CC) coincided exactly with AC,
indicating CC is caused by the poppet striking the strut of the prosthesis.

Aortic valve configuration during systole was quite different even in the same group of disease
and may be classified into at least 5 patterns. Consequently, stroke volume may not be correlated
only with the value of ejection time.

Finally, it was preliminarily reported that AC coincided with initial low frequency component
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(introductory vibration) of the second heart sound and preceded the first high frequency vibration by
5 to 20 msec in 6 of 7 cases, in whom phonocardiograms were recorded at apex and 2nd left inter-

space simultaneously.

Key words
systolic time intervals (STI)
strip chart recording
aortic valve movement
mechanism of the second heart sound
introductory vibration of the second heart sound

carotid pulse tracing
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Figure 1. Simultaneous phonocardiogram, carotid pulse tracing, echocardiogram and electrocardiogram.

Combined valvular disease, atrial fibrillation, 62-year-old, male.

The intervals measured were Q-AO (Q wave of clectrocardiogram to initial separation cf aortic valve echo-
gram), Q-AC (Q wave of electrocardiogram to initial closing point of aortic valve echogram), Q-rapid upstroke
of the carotid pulse tracing (Car), Q-dicrotic notch (DN) and Q-first high frequency component of the aortic
component of the second heart sound (IIA).

Although AC preceded to the first high frequency component of the IIA, it coincided exactly with the first
“low” frequency component (introductory vibration). Note the coarse fluttering in both right and noncoronary
cusps and decreasing pattern of aortic valve opening after the maximum systolic excursion (Type 4: vide
nfra).
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Table 1. Comparison of measurement values of
systolic time intervals by conventional and echo-
cardiographic methods

Mean SD Range

(LVET)
Car 250 40 110—330 msec
Echo 262 46 110—365
(PEP)
Car 129 31 75—230 msec
Echo 112 36 60—225
(PEP/ET)
Car 0.55 0.27 0.27—2.09
Echo 0.47 0.28 0.16—2.05

Car: Systolic time intervals measured on the
phonocardiogram (phonocardiogram, electrocar-
diogram and carotid pulse tracing).

Echo: Systolic time intervals measured by the
echocardiographic method.
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Figure 2. Comparison of ejection time measured
by echocardiogram and carotid pulse tracing
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Table 2. Comparison between AO-carotid upstroke
and IIA-dicrotic notch intervals

Mean SD Range
AO-Car U 49 12 30—80 msec
IIA-DN 32 9 15—60

AO: aortic valve opening (echogram)

Car U: upstroke of carotid pulse tracing

IIA : aortic component of the second heart sound
DN : dicrotic notch of carotid pulse tracing

Fo S IR R B 3 % SR RO B

0.1% D faff s THEGF AR BE LA D .

5. A & AC L oBifR

KRS E G 5 (I Cit, TAZTXTACIZ
—3 Lichs (Figure 5), ATHLTIL TA »
AC X H 0~20, “F¥5 6bmsec I TA LRI,
—J7, 2L &LARIRO R OFIKGEEH 7 Filh 6
flIcix, DA ORif, J7cbhbEAM O I EMHG
X AC it—% 1L, DEEES2AZhHh LH 5~20
msec Eh T S e (Figures 1, 6).

6. KENRSEHREIC DT

KRS = = — P variation 25 &, [@l—
It Th OIHECE T OWIEEILA R L, &
L OEMBtITE, LfToRoxc b, ¥
7%, fluttering DWW R F TR HHIHL LRI

PTETTEL B F R aB ] L bl o6l

bkl

|

|

b ik

Figure 5. The echogram in a case of an aortic Starr-Edwards prosthesis. 25-year-old, male.
The echogram was obtained from the third left interspace. Closing clicks (CC) are recorded as the poppet
strikes against the strut.
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Figure 6. The echogram simultaneously recorded with phonocardiogram in a patient of thymic teratoma
with pericardial effusion. 25-year-old, male.

Aortic valve closure coincided exactly with the beginning of the introductory vibration of aortic component
of second heart sound at apex and preceded the first high frequency component of it at the second left inter-
space by 15msec.
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Flgure 7. Aortxc valve echogram (Type 1)in a case of congestive cardiomyopathy with atrial fibrillation.

65-year-old, female.
Aortic valve movement showed box-like motion without coarse fluttering during systole.
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Though the pattern of aortic valve movement was similar to type 1, coarse fluttering was seen in both

right and noncoronary cusps during systole.
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Figure 9. Aortic valve echogram (Type 3) in a case with idiopathic hypertrophic subaortic stenosis.

67-year-old, male.

Aortic valve movement showed slight mid-systolic semi-closure. This pattern was observed also in patients

with tetralogy of Fallot and Eisenmenger complex.
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Figure 10. Aortic valve echogram (Type 5) obtained in a patient with aortic Bjork-Shiley prosthesis.

22.year-old, male.

The echo of this tilting disc valve was mainly observed during systole.

e

At the end of systole, the disc

moves slightly with a tiny sound, then suddenly disappeared with a large closing sound.
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