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Introduction 
Approximately 50% of children have heart murmurs, but only <1% are clinically relevant pathological 
murmurs. The majority of elective referrals made to paediatric cardiologists result from the inability of 
general practitioners/paediatricians to distinguish between innocent and pathologic murmurs.   We 
improved and validated a computational algorithm to automatically detect pathologic and innocent 
murmurs from recorded phonocardiograms (PGCs). 
 
Methods 
Patients from general paediatric cardiology clinics in CHEO were recruited (November-December 
2013).  The cardiologist recorded PCGs using an electronic stethoscope. Two PCGs per patient were 
recorded at the loudest location for 15-30 seconds; one PCG free-breathing, one PCG with 
breathhold.  If the patient could not breathhold then both PCGs were recorded free breathing.  The 
PCGs were exported as standard .wav audio files to be used in the further testing of the algorithm. 
 
Results 
N=106 patients (2days-18years, mean age 8 years). 57% (60/106) males. 85% (90/106) of the 
patients had echo confirmation of the murmur diagnosis. 39% (41/90) had pathologic murmurs, 15% 
(16/90) had innocent murmurs and 31% (33/90) had no audible murmur.  Of the patients referred for 
assessment of a murmur 86% (12/14) were not pathologic.  10/12 murmurs were diagnosed as 
innocent by the physician of which 1/10 was confirmed by echo.   2/12 patients had no audible 
murmurs at the time of auscultation.   
 
An analysis of the algorithm’s performance to distinguish pathologic from innocent murmurs yielded a 
sensitivity and specificity of 95% and 93%, respectively. This was performed on 66 randomly selected 
PCGs that were used in the training of the algorithm (all free breathing, echo confirmed diagnosis in 
54/66, pediatric cardiologist confirmed in 12/66).   The performance on 30 randomly selected PCGs 
that were NOT used in developing the algorithm resulted in a sensitivity and specificity of 83% and 
100%, respectively (all breath-held, echo confirmed diagnosis in 24/30, pediatric cardiologist 
confirmed in 6/30).   
 
 
Conclusions 
We successfully show that it is possible to utilize a computational algorithm to diagnose electronically 
recorded PCGs accurately.  With echocardiogram as a gold standard, despite breathing and noise, 
this algorithm can detect murmurs with high sensitivity and specificity.  
 


