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Prediction of aortic valve regurgitation after continuous-flow
left ventricular assist device implantation using artificial
intelligence trained on acoustic spectra
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Reprinted from J Artif Organs 24: 164-72, 2021 with permission.
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All sound signals

Aortic regurgitation Aortic regurgitation

(=) (+) Pvalue
(N =219) (N =26)
LVAD operation at normal rotational speed
Frequency (Hz)
first harmonics 163 = 15 165 = 16 0.74
second harmonics 326 =41 328 =32 0.78
third harmonics 487 = 34 493 * 43 0.43
Amplitude of frequency variation (Hz)
first harmonics 42+50 39=38 0.78
second harmonics 24 =22 16 £13 0.09
third harmonics 3.1+9.0 1.5+£29 0.38
Amplitide of harmonic sounds (a.u.)
first harmonics 63 £ 15 60 £ 17 0.24
second harmonics 84+98 79+73 0.79
third harmonics 10 £ 11 8§+8 0.86
Amplitude of amplitude variation (a.u.)
first harmonics 71+53 7.6+34 0.65
Amplitude of non-harmonic sounds (a.u.)
at low frequency range 6.6 7.8 6.2 2.7 0.77
at middle frequency range 4.4+3.1 3722 0.26
at high frequency range 12+14 0.9+0.9 0.24
LVAD rotational speed (rpm) 10,033 + 809 10,170 = 514 0.40
LVAD operation at intermittent low speed
Amplitude of frequency variation (Hz)
first harmonics 55*49 5.6 £5.3 0.93
Amplitude of amplitude variation (a.u.)
first harmonics 39+35 25%21 0.05
LVAD rotational speed (rotation per minutes) 7,440 + 904 7,072 = 1,001 0.05
Heart rate (bpm) 84+ 14 79 =13 0.09
Respiratory rate (per minute) 20 =10 20+ 6 0.88

Variables are expressed as mean + standard deviation. Frequency ranges are defined as follows: frequency range lower than the frequency of first
harmonics is “low”, range between the first and second harmonics is “middle”, and range higher than the second harmonics is “high”.
a.u., arbitary unit; LVAD, left ventricular assist device.
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HCS, harmonics; LVAD, left ventricular assist device; ILS, intermittent low speed.
Reprinted from J Artif Organs 24: 164-72, 2021 with permission.
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Classifier Accuracy Area under the curve  True positive rate True negative rate
Ensemble 0.91 0.73 0.75 0.92
Random forest 0.91 0.72 0.71 0.91
k-nearest neighbor 0.89 0.55 0.00 0.89
Support vector machine 0.89 0.50 0.11 0.00
Kernel support vector Machine 0.89 0.50 0.11 0.00
Naive Bayes 0.89 0.73 0.50 0.90
Karnel naive Bayes 0.89 0.73 0.50 0.90
Decision tree 0.89 0.76 0.50 0.94
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