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Abstract

The interval between S, and S, detected by auscultation or phonocardiography is prolonged by
exacerbation and shortened by improvement of heart failure. The timing of S,, S,, and the terminal
point of the A wave of transmitral inflow velocities on pulsed Doppler echocardiography (At) was
studied to elucidate the mechanism of the prolongation of the S,—S, interval on exacerbation of
heart failure.

The study population consisted of 30 patients, nine with old myocardial infarction, six with
dilated cardiomyopathy, six with hypertensive heart disease, nine with chronic hemodialysis, and 17
normal subjects. The interval from the peak of the A wave by apexcardiography and At to the onset
of main vibration of S,were measured as the S,—S, interval and At—S, interval, respectively. The
P—Q interval and Q-S, interval were also measured. Both intervals were compared during exacerba-
tion and improvement of heart failure. Patients with P—Q prolongation were excluded.

The S,-S, interval was 102124 msec during exacerbation of heart failure or before hemodialysis,
and shortened to 76+ 18 msec after improvement of heart failure or after hemodialysis. The At—
S, interval was concordantly shortened from 59+ 31 msec to 30+23 msec (p <0.001) . However, both
the P—Q interval and Q-S, interval were not significantly changed before and after improvement of
heart failure. The timing of S, becomes parallel to that of At earlier during the exacerbation of heart
failure.

Thus, S,—S, interval is a convenient and useful index to investigate patients with heart failure.

Toshitami SAWAYAMA, MD, EJCC*?

Key Words

J Cardiol 1998 ; 31 (5) : 273-279

Heart failure, Phonocardiography, Doppler ultrasound, Left ventricular inflow velocities,

Left atrial systole, Apexcardiogram

T C®IC

DAL BEORBBRETIR, BERROELEIER
BT ENEETH B, ZTOBRICHERZ K
ko THEHEMNBRE 2Ry NV A FTHIS Z L 23Tk
Th?. THIIZ T EORE, IVEL IZEOMBOCIT
S,—S,Ff), ¥ruy 7Y XADEE, EEHUFHMEST

DRESRENEENS, KLY S,—S FEEINLTR
SOMEBERCERL, BERPICIERET 2 I L85
T 299, ZOBRFZOLTEEMERENIZ R &
nTwuin,

— RO SHEERIC I, EZTERPELRS &
VESBRBETRBE L2720, EENEC L 2£E
WABET SN 249, LicdsoT, NNVR - Ry

REXREHBE AR T 612-8473 FEHHRRXTRBVILRE | ; V' HESRE BREM AR : 2IIFERKE BREA

B R

Department of Internal Medicine, Soseikai Hospital, Kyoto ; *!'Division of Cardiology, Seikeikai Hospital, Osaka ; *2Division

of Cardiovascular Disease, Kawasaki Medical College, Okayama

Address for reprints : TABUCHI H, MD, Department of Internal Medicine, Soseikai Hospital, Shimotoba-hironaga-cho 1,

Fushimi-ku, Kyoto 612—8473

Manuscript received September 8, 1997 ; revised December 18, 1997 ; accepted February 17, 1998

273



274 H#E - JIFH - Rl

77— AVl LEIGEREZERA MR O KT RS
X, LAEBECBWTEELRERPBBEECL > T
EETrLEz6ND.

SEITRZ I, LREORBIZBWT, S,~S,FHEOE
Bz OREFHEE L 2D 5 2 0B/ DVT, O
BURERAA ZE A M DT R & OB D _ETikat
L7,

A .

XX New York Heart Association(NYHA) ¥4t
SE M-V EQLTLEBE 068 L CEEH 17 6]
DEF 41 BT H 5. LALOEEBONRIZBRIAME L
AL 9 B, LARAELOENE 6 B, BIMEMEER 6 4,
BIUBMHMEENEEIFTHS. EHB L UM
iZ Table 11X &BY THS, P-QERFIERSL
7.

DAZOEER BT, B X UMBEERERE T
BMOFIER T/ SVA - ¥y 77—k 2EZERAML
FEEF, %o LR HAHRS & CLRIBLER %
FRFECER L, UTOBEBIEZ DWW T 2RATOEERL
BRRET U7, DS,—S B : LERES,DERE» S
S\ OEREIDOFALE £ TORFME. LFE S, D EIRENTO
KM A BOTER LR —HT 20T, 22T
BLRABMABROER TRA L. 2) At-S,KFH:
LENFERAEZERAMTKOKRT MR & S, IR
¥ g TORE. 3) AETRALIIR A B OFFGHRH. 4)Q-
SRR : LERQE DY S S, FIRBIBIK E TOD
. 5 LERP-QRHED STEETH 2. KEMHDE
#l¥k % Fig. 1ITR LT,

METFHIALE I, BfE% 3 +SD TR# L, FIE
DHERIX paired ¢ BRE, 2 EEOFHEEIZ linear regres-
sion test Z AW, p<005%2 b-oTHEEDHZEELL
7z, ZBEBENBHRCOWTRERD | EOFHIE%
SEHEEFEL LAV,

- e

1. &35 ENEE

BEANC S EIREOEE 2, LILEEH L EfHE
HE LT Table 2 2R L7z, WEFNDECIBWTH,
DALDBHET 5 L S-S, F & At-S, I & b i
BRECEMREL, EERAMI A ¥ ORGRRMEIZERI
EEL. ODASHESRB X UEHTHIIZ S-S,k

Table 1 Clinical characteristics of 47 patients

Underlying No. of Age(yr) Gender

disease patients (mean+SD) (M/F)
Old myocardial infarction 9 6310 6/3
Dilated cardiomyopathy 6 56+6 5/1
Hypertensive heart disease 6 68+5 3/3
Chronic hemodialysis 9 55+9 6/3
Normal controls 17 48+ 14 8/9

Total 47 6811 28/19

M=male; F=famale.
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Fig.1 Measurement of the S,-S,, At-S,, P-Q and
Q-S, intervals by apexcardiography, phono-
cardiography, and pulsed Doppler echocardio-
graphy
The timing of S, was determined at the peak of the
A wave by apexcardiography, and the timing of S,
at the beginning of the main vibration of S,. At was
defined as the terminal point of the A wave on left
ventricular inflow velocity.

PWD=pulsed wave Doppler ; ACG =apexcardio-
gram ; PCG=phonocardiogram ; ECG =electro-
cardiogram.
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Table 2 Changes in parameters and heart rate in patients before and after treatment of heart failure

S,—S, interval

At-S, interval

A wave width Q-S, interval P—Q interval Heart rate

(msec) (msec) (msec) (msec) (msec) (beat/min)
Old myocardial infarction 11227 69132 90126 82+15 158+23 70+13
— 82424 —41+£30 — 121+26 — 7715 — 164122 — 687
Dilated cardiomyopathy 99+23 73129 7037 66+6 17015 75%+10
— 69112 — 38+20 — 121£30 — 6818 — 17616 — 64+7
Hypertensive heart disease 97+8 43+10 98+53 74£13 17012 81t12
. — 78%15 —24+11 — 137+30 — 7610 — 189+10 —72+6
Chronic hemodialysis 98+24 * 5137 11126 737 178 +26 72+12
- 72%+15 —23+17 - 121%11 — 70£9 — 16518 — 7610
Total 102+24 59+31 93136 74+12 169422 74+12
— 76 18* — 30+23* — 124+24* —73+12 — 171£20 —> 6919
Normal control ' 73+13 24+ 14 11016 62+8 164+23 6416
*p<0.001.
AS4-S1 2, EMER
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Fig.2 Correlation of 4S,—S, with 4At-S, before
and after treatment of heart failure
4S,-S, : shortening of S,—S, interval after treat-
ment of heart failure, JAt-S, : shortening of At—
S, interval after treatment of heart failure.
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Fig.3 Illustrative case. A patient with old extensive anterior myocardial infarction
Left panel shows pre-treatment tracing, and right panel post-treatment tracing. The S,—S, interval
shortened parallel to the At—S, interval after treatment of heart failure.
Abbreviations as in Fig. 1.
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Fig.4 Illustrative case. A patient undergoing chronic hemodialysis
The S,—S, interval shortened parallel to the At—S, interval after hemodialysis.
Abbreviations as in Fig. 1.
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Fig.5 Mechanism of prolongation of the S,-S, in-
terval during exacerbation of heart failure
The transmitral inflow during atrial systole ter-
minated earlier because of increased left ventricular
stiffness, and the peak of the A wave of transmitral
inflow velocities became earlier.
RF =regurgitation fraction. Other abbrevia-
tions as in Fig. 1.
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