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SUMMARY

The relationship between aortic valve closure
(AVC) and second (IIA) heart sound was sought
by simultaneous echocardiographic, phonocardio-
graphic, and electrocardiographic recordings of
the aortic valve in 35 persons including 10
normal cases, 15 heart disease cases and 10
nonheart disease cases, ranging in age from 11
to 82 years. Five heart beats each were measured.
The overall mean interval from point of
coaptation of the aortic valve at the end of
systole to onset of IIA sound (AVC -IIA interval)
was 10.4 msec with 1 case less than 5 msec,
15 cases between 5 msec-10 msec, 15 cases
between 10 msec-15 msec, and 4 cases over 15
msec. No difference was noted between the
normal, the heart disease, and the nonheart
disease cases. Onset of IIA sound was not
coincident with the point of AVC, but the peak
of the sound appeared immediately after the
point of coaptation, showing that IIA sound is
very closely related to AVC.

INTRODUCTION

There is as yet no established theory on the
question of whether AVC and onset of the IIA
sound are coincident.! It has been reported that
the ITA sound originates in the closing of the
semilunar valves.®  Recently, Criley et al*
observed on cineangiography that the IIA
sound occurs several milliseconds after AVC.
MacCanon et al® also suggested that the ITA
sound did not originate in the closing of the
aortic valve tip. In recent years, ultrasound
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cardiography (UCG or Echo) has become widely
used as a method of noninvasive heart exami-
nation in diagnosis and research, because it
presents the movements of heart blood vessels
and valves as characteristic wave patterns which
are measurable. We have used UCG and phono-
cardiography to study the relationship between
AVC and onset of the IIA sound in 35 normal,
heart disease, and nonheart disease cases.

MATERIALS AND METHODS

The 35 subjects studied included 10 normal,
10 nonheart disease, and 15 heart disease cases,
ranging in age from 11 to 82 years (Tables 1-3).
The 10 nonheart disease cases included 4 of
anemia, 3 of diabetes mellitus, 2 of tuberculosis,
and 1 case of emphysema (Table 2). The 15 heart
disease cases included 3 individuals with aortic
insufficiency, 4 persons with hypertensive
cardiovascular disease, 2 cases of mitral stenosis,
1 case each of aortic insufficiency + mitral
stenosis, mitral stenosis + aortic stenosis, and
idiopathic  hypertrophic  subaortic stenosis,
and 3 cases of other heart diseases (Table 3).
Satisfactory simultaneous echocardiographic,
phonocardiographic, and electrocardiographic
recordings were obtained for all cases.
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TABLE 1 ECHOCARDIOGRAPHIC DATA OF NORMAL CASES
#1 EEBIzIILII-FIFT—%

Patient Age

AVC-IIA Interval

53
11
48
26
i
55
54
18
27
26

9.2 msec
15.3
7.5
13:2
12:3
10.1
11.8
9.3
7.0
12.5

Apparatus and Recording Method

Recordings were made using the Echoline 20
manufactured by the Smith Cline Company and
a polygraph manufactured by the Electronics
for Medicine Company. In this procedure, a
2.25 MHz flat transducer 15mm in diameter
with a repetition Tate of 1,000 impulses/sec,

HBERUREHE
ACEk(L Smith Cline #%4¢ Echoline 20% (¥ Electronics
for Medicine # %4 polygraph # Ay 7. 2.25MHz,

B 15mm, fZIE[EE1,000impulses /sec @ FEIE il T
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TABLE 2 CLINICAL AND ECHOCARDIOGRAPHIC DATA OF
NONHEART DISEASE PATIENTS
£2 HLERBHIZETIBET -4 RFLTI—HF— ¥

Patient Age Diagnosis AVC-IIA Interval
MF 54 Anemia 8.4 msec
MF 47 Diabetes mellitus 1055
MF 43 Diabetes mellitus 13.4
MF 32 Tuberculosis 16.3
MF 63 Diabetes mellitus 117
MF 62 Tuberculosis 9.7
MF 50 Anemia 9.4
MF 42 Anemia 75 |
MF 53 Emphysema 10.2
MF 71 Anemia 7.4

TABLE 3 CLINICAL AND ECHOCARDIOGRAPHIC DATA OF HEART DISEASE PATIENTS
3 LEAFIIEFABET-SsRULII-RF— ¥

Patient Age Diagnosis AVC-IIA Interval
MF 57 Aortic insufficiency 14.6 msec
MF 31 Aortic insufficiency 5.8
MF 66 Aortic insufficiency + Mitral stenosis 6.7
MF 67 Mitral stenosis + Aortic stenosis 16.2
MF 59 Hypertensive cardiovascular disease 15.9

F 58 Ischemic heart disease 12.0
MF 77 Mitral stenosis 5.8
MF 82 Hypertensive cardiovascular disease 10.7
MF 60 Mitral stenosis 9.4
MF 82 Aortic insufficiency 9.5

w 42 Arteriosclerotic disease 3.2
MF 53 Hypertensive cardiovascular disease 12.8
MF 73 Hypertensive cardiovascular disease 7.6
MF 16 Congenital heart disease 11.2
MF 16 Idiopathic hypertrophic subaortic stenosis 13.2

was placed on the third intercostal space at the
left margin of the sternum of the examinee at
rest in supine position; the beam was directed
in a somewhat inward and upward direction;
and aortic valves which presented an M-mode
scan at the base of the aorta were selected.
Phonocardiography was done placing a piezo-
electric microphone on the sternum at the left
margin of the second intercostal space using a

IZE D, FRHDENGL OB HE 08 3 1) b E AR
Y— A& AL, 20AMERICE T, KTREY
2 M-mode scan 2L 2 kKMIRAZHEA 7. LER
138 i # A°50Hz # 5 500Hz @ piezoelectric micro-

phone Z g & 5 2 M A ICHRTE L, Zh &FEEIC
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frequency of 50 Hz to 500 Hz, and simultaneously
with this electrocardiographic and carotid artery
pulse waves were recorded on strip paper at a
speed of 100 mm/sec or 200 mm/sec.

Measurement

For each case five heart beats were selected for
measurement where the point of coaptation in
AVC at the end of systole was satisfactorily
recorded. The AVC -IIA interval was defined as
the time from the point of coaptation in AVC to
that of maximum amplitude of the IIA sound
(Figures 1 and 2).

RESULTS
The mean values for the AVC - IIA intervals of
five heart beats in the 10 normal cases ranged
from 7 msec to 15.3 msec and the mean was
10.6 msec. No difference by age was evident
(Table 1).

In the 10 nonheart disease cases, the intervals
ranged from 7.1 msec to 16.3 msec, and the
mean was 10.4 msec (Table 2). For the 15 cases
with heart disease the mean interval was
10.3 msec, the shortest being 3.2 msec for
arteriosclerotic ~ disease and the longest,
16.2 msec for mitral stenosis + aortic stenosis.
Idiopathic hypertrophic subaortic stenosis
showed an interval of 13.2 msec with no marked
prolongation (Table 3). The values of these two
groups were consistent with those of the normal
group.

DISCUSSION

Since the observations by Wiggers® in 1915
concerning the developmental mechanism of the
ITA sound, it had been assumed that the sound
had its origin in the vibrations caused by closure
of the semilunar valves. However, a number of
later studies showed that closure of the semilunar
valves and occurrence of the IIA sound do not
necessarily coincide. In 1962, Criley et al*
found by cineangiography that valve closure
occurs several milliseconds prior to the onset of
the IIA sound. Spencer and Greiss® reported
from their experiment with dogs that the IIA
sound was temporally consistent with the aortic
pressure incisura on electrocardiogram. In 1975,
Chandraratna et al’ showed by simultaneous
echocardiographic, phonocardiographic, and
electrocardiographic recording that IIA sound
occurs later than AVC and that the AVC - IIA

LER, BEWREES A Py F2—s8—12100mm /sec
N13200mm /sec DM ETIREL 7=,
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Figure 1 Simultaneous recording of the electrocardiogram, external carotid pulse, phonocardiogram,
and echocardiogram of the aortic root and aortic valve; THSS
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Figure 2 Simultaneous recording of the electrocardiogram, external carotid pulse, phonocardiogram,
and echoeardiogram of the agortic root and aortic valve; normal case
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intervals ranged from 5 msec to 25 msec with a
mean of 12 msec. In 1977, Hirschfeld et al®
studied measurements made by simultaneous
recording of intracardiac phonocardiograms and
micromanometric aortic root pressure tracings
in addition to echocardiograms and phonocardio-
grams on 16 cases of congenital heart disease.
They found that the AVC - IIA intervals ranged
from 3 msec to 5 msec and suggested on the
basis of intracardiac phonocardiography that ITA
sound and aortic pressure incisura occur simul-
taneously. The AVC - IIA intervals in our
normal and nonheart disease groups ranged
from 7.1 msec to 16.3 msec and averaged
10.4 msec; those of the heart disease group
ranged from 3.2 msec to 16.2 msec and averaged
10.3 msec. Thus little difference occurred
among the three groups, and no marked prolon-
gation was evident in the aortic stenosis and
idiopathic hypertrophic subaortic stenosis cases.
The measured intervals of Hirschfeld et al®
were shorter than those of Chandraratna et al’
and the authors, but this probably is due to
difference in identification of the point of onset
of the IIA sound. Danzig et al® reported that
some variations result from the method of
recording and that varying the paper speed causes
time line interval differences. IIA sound occurs
immediately after closure of the aortic valve,
but, considering the time required for the
transmission of the IIA sound to the phono-
cardiographic  microphone, this does not
necessarily negate a relationship between AVC
and onset of the ITA sound. Indeed, the relation
between the two is considered to be very close.
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12msec THAHEMEL 7=. —H 1977412 Hirschfeld
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micromanometric aortic root pressure tracing
FIRFFLER % v TI6A DR RIMELHEBE IHITL 2
HET, AVC-TAIZ3 ~5msec THY, LALF
FEuozTAF L KBREEOFRVOARLY
FHEIZRET 2 & 2TMLA F4sOMMTE
fires & FE LR BEED AVC-TTA 1£7.1~16. 3msec,
F1510.dmsee TH Y, LFEBEFTIE3.2~16. 2msec,
FH10.3mseec TH3. D I HMOEIZIEEAL
%4, REARSRAESEAE K ORI M Rk S T
PRAEEMI T H EFH L IR LBD & o /. Hirschield
5 % @il 14 Chandraratna 57 40 Fh LD
bEC, chirTAFRBEBEENEICILLI LD L
EBbhs. Danzig 6° BRBHECL-TETOEN
HY, FlA—sI=A¥— FOEBHI X0 R R
DEFECIILERSEL TS, TAHF0EER
KMRABSEEEL» S b2 IZBATHET 2 27
ZhipbHE~{ 708 ETCOIA FOMEERM%
EEL MG, L6 KRMIRAARE TA FREE
OMEMLZTETS300TIRE Y. LK Tli#
OEFIEES TRV EEDLNS.



RERF TR 5-79

REFERENCES
ZEVM

1. ANASLASSIADES PC, QUINONES MA, GAASCH WH, ADYANTHAYA AV, WAGGONER AD,
ALEXANDER JK: Aortic valve closure: Echocardiographic, phonocardiographic, and hemodynamic
assessment. Am Heart J 91:228-32, 1976

2. WIGGERS CJ: Modern aspects of the circulation in health and disease. Philadelphia, Lea & Febiger,
1915. p 186

3. LEATHAM A: Splitting of the first and second heart sounds. Lancet 2:607, 1954

4. CRILEY IM, HUMPHRIES J, O'NEAL ROSS RS, RAFTERY EB: Ejection click and second heart sound
in diseased and prosthetic aortic valve. (Abstr) Circulation 26:703-4, 1962

5. MACCANONDM, AREVAL F, MEYER EC: Direct detection and timing of aortic valve closure. Circ
Res 14:38791, 1964

6. SPENCER MP, GREISS FC: Dynamics of ventricular ejection. Circ Res 10:274-9, 1962

7. CHANDRARATNA PAN, LOPEZ IM, COHEN LS: Echocardiographic observations on the mechanism
of production of the second heart sound. Circulation §1:292-6, 1975

8. HIRSCHFELD S, LIEFMAN J, BORKAT G, BORMATH C: Intracardiac pressure-sound correlates of
echographic aortic valve closure. Circulation 55:602-4, 1977

9. DANZIG MD, ROBERTSON' TL, WEBBER LS, DAY G, DOCK DS: Earlier onset of QRS in anterior
precordial ECG leads. Precision of time interval measurements. Circulation 54 :447-51, 1976. (ABCC
TR 13-75)



