Acoustic Cardiography

EMAT
The electromechanical activation time (EMAT) is the time from the onset of the Q wave on the ECG to the closure
of the mitral valve within the S1 heart sound. The value of EMAT in ms reflects the time required for the left
ventricle to generate sufficient force to close the mitral valve, and is therefore related to the acceleration of the
pressure in the left ventricle. Prolonged EMAT has been associated with reduced LV EF, abnormally low LV dP/dt
(often used as a measure of LV contractility), and poor prognosis. Percent EMAT (EMATc, %) is computed as EMAT
divided by the dominant RR interval, and it relates to the efficiency of the pump function.

3rd Heart Sound
The strength of the third heart sound (S3 strength) is based on the intensity and persistence of that sound.
AUDICOR® provides a value of S3 strength in the range of 0 to 10. If this value equals or exceeds 5.0, the algorithm
declares that an S3 is present. In patients <=40 years the S3 is considered physiological. In patients with age > 40
years, the S3 has been associated with an abnormal diastolic filling pattern, and shown to indicate elevated LV
filling pressures and systolic dysfunction. In patients with conditions such as severe mitral regurgitation or
pregnancy, an S3 is not necessarily linked to LV dysfunction.

4th Heart Sound
The strength of the fourth heart sound (S4 Strength) is based on the intensity and persistence of that sound.
AUDICOR® provides a value of S4 strength in the range of 0 to 10. The fourth heart sound (S4) appears after Pwave onset and before the first heart sound in the cardiac cycle. The S4 occurs as blood enters a relatively noncompliant ventricle late in diastole because of atrial contraction and causes vibrations of the left ventricular
muscle, mitral valve apparatus, and left ventricular blood mass. Often associated with left ventricular hypertrophy
due to the decreased compliance and frequently present in acute myocardial infarction, the presence of an S4 is
always abnormal and associated with an increased left ventricular stiffness.

SDI
Systolic Dysfunction Index (SDI), a multiplicative combination of ECG and sound parameters has been shown to
predict LV systolic dysfunction with high specificity. The multiplicative score SDI (systolic dysfunction index) is
derived from QRS duration, QR interval, %EMAT and S3 strength. SDI is reported as a value of 0-10 where the index
>=5 indicates systolic dysfunction (EF<50%) and >7.5 indicates EF<35% with elevated filling pressure.
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EMATc>15% predicts re-hospitalization for heart failure at and post discharge (HR 1.7 – 5.0) 3
Shortened EMAT correlates with increased contractility and short electromechanical delays 2
Shortened EMAT correlates with improved LV function 2
Prolonged EMATc correlates with reduced EF, lower end-systolic elastance and peak isovolumic LV
pressure at end-diastolic volume, higher end-systolic volume index and end-diastolic volume index
and dyssynchrony. Abnormal %EMAT is strongly associated with impaired LV contractility. 2
Presence of an S3 has a positive likelihood ratio of 4.8 for the prediction of LV dysfunction4
Presence of an S3 correlates with increased LV end-diastolic pressure 4, 5
AUDICOR helped correct 34% of the patients initially missed for diagnosis of acute HF6
Use of BNP plus S3 improves diagnostic accuracy for decompensated HF and LV dysfunction 7
Subjects with S3 had significantly lower EF and significantly increased E deceleration, E/E’ and filling
pressures. 8
An S4 is associated with increased LV stiffness and elevated LVEDP10
The S4 was associated with increased LV stiffness even after controlling for age, gender and ejection
fraction. This supports the conclusion that an S4 is a pathologic finding in older patients. 9
The combination of the S3 and systolic time intervals was highly specific and yielded superior
performance for detection of LV dysfunction than the individual elements. 4
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