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• 	 A third heart sound (S3) has been associated with LV dysfunction and acute heart failure 
	 syndrome (AHFS)

•	 AHFS patients with an S3 at increased risk of adverse outcome
	
•	 Acute undifferentiated dyspneic patients in the emergency department 	
  	 are diagnostically problematic

•	 Digitally detected and analyzed heart tones are suggested to be highly 	
  	 specific for acute decompensated heart failure

Methods
A ThinkLabs Electronic Stethoscope was used to digitally record heart tones at 30-90 degrees in 
the 4th or 5th left intercostal space in 159 ED patients over 50 years old with signs and 
symptoms of possible heart failure. The Heart Energy Signature (Biosignetics, Inc.) method was 
used to blindly test 212 recordings for suitability to detect an added (S3 or S4) heart tone by 
establishing a noise score (% of noise relative to the maximum signal amplitude). Noise scores 
were defined a priori as:  <6 good, 6-12 fair, 12-20 poor, and >20 unacceptable.
	
Noise Score Calculation:		
For the heart sound or heart sound interval of interest a manual noise score is estimated as the 
ratio of peak- to- peak amplitude of a heart sound (usually S1 for mitral location) to the 
peak-to-peak amplitude of the noise portion of the signal: 	

	 Noise Score = Noise peak-to-peak Amplitude/Loudest peak-to-peak Amplitude * 100 %		
Our methodology utilized Automatic Noise Estimation (patent pending) based on Fast Fourier 
Transform (FFT). This presents a time averaged spectral map of the heart sound. We estimate 
ratio of the FFT magnitude at a certain threshold frequency of interest (TFI) to the FFT 
magnitude at the peak frequency and multiply by 100%. TFI is selected for a particular 
stethoscope, and for ThinkLabs it is 23.5 Hz.

Computer analysis for added heart tones can be achieved in acutely ill ED patients but has a 
high percentage of noise.  Optimal technique for capture of heart tones consistently acceptable 
for digital S3 and S4 analysis requires further refinement before widespread clinical adoption.

While computerized analysis of digitally captured heart tones has shown promise, practical 
translation of this technology to emergency department (ED) patients with acute dyspnea is 
challenging.  We used a noise score to estimate the suitability of recorded heart tones to 
identify the presence of computer detected heart sounds (S3 or S4)

Objectives

•  	 Mean noise score ± SD was 16.38 ± 10.7. Unacceptable scores were present in over a fourth of patients 	 	 	
	 (Table). There was no significant difference between the subgroup measured from 30 to 45 degrees (n=159) 	
	 inclusive,  and those > 45 degrees (n=53).  (t test, p=.59)

• 	 Trained operator experience also suggested that while ED ambient noise could be largely eliminated, 
	 physiological sounds (e.g. breathing, patient movement) and technical issues (stethoscope position, 
	  investigator movement) were responsible for noise.

Table 1:  Percentage of good, fair, poor, and unacceptable noise scores for all, 30-45; and > 45°.

Figure 1: 
Sample frequency Spectrum plot of a heart sound. Demonstrates signal 
frequency range and dominating frequencies. Red cross-hair shows 
threshold frequency of interest (TFI) for automated Noise Score 
estimation. Blue cross-hair shows peak frequency. FFT magnitude is 
shown on vertical axis.

Figure 2: 
Sample Heart Sound Recording showing 4 heart beats with S1 and S2
components. Red and blue horizontal lines shows average signal noise 
envelope which is used in manual estimation of a Noise Score.
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ALL 30-45 degrees >45 degrees

Good%(n) 10.9 (23) 9.0 (19) 1.9 (4)

Fair % (n) 30.2 (64) 23.1 (49) 7.1 (15)

Poor % (n) 31.1 (66) 21.2 (45) 9.9 (21)

Unacceptable % (n) 27.8 (59) 21.7 (46) 6.1 (13)


