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The promise of computer-assisted auscultation in
screening for structural heart disease and clinical

teaching
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Abstract

Cardiac auscultation has been the central clinical tool for
the diagnosis of valvular and other structural heart diseases
for over a century. Physicians acquire competence in this
technique through considerable training and experience. In
Africa, however, we face a shortage of physicians and have the
lowest health personnel-to-population ratio in the world. One
of the proposed solutions for tackling this crisis is the adop-
tion of health technologies and product innovations to support
different cadres of health workers as part of task shifting.

Computer-assisted auscultation (CAA) uses a digital
stethoscope combined with acoustic neural networking to
provide a visual display of heart sounds and murmurs, and
analyses the recordings to distinguish between innocent and
pathological murmurs. In so doing, CAA may serve as an
objective tool for the screening of structural heart disease
and facilitate the teaching of cardiac auscultation. This
article reviews potential clinical applications of CAA.
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Prior to the development of echocardiography and
other imaging modalities, the stethoscope was the central
investigative tool for the diagnosis of structural heart disease.
While the stethoscope is relatively inexpensive and widely
available, it remains a qualitative and subjective method of
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evaluating heart sounds, murmurs and other cardiac noises.
The development of the digital stethoscope with additional
analysis software promises to transform the stethoscope into
a tool for quantitative and objective clinical evaluation of the
heart. Such a tool may improve the assessment of innocent
murmurs, reduce observer variation due to human acoustic
abilities, and facilitate the teaching of cardiac auscultation.

The assessment of innocent murmurs

Up to 80% of paediatric patients have a cardiac murmur,
although less than 1% will eventually have a pathological
condition underlying the murmur.' Praecordial murmurs are also
common among young adults, occurring in between 29 and 52%
of the general population.” The ability to distinguish between an
innocent and a pathological murmur is therefore a fundamental
clinical skill that should be imparted to doctors and other
healthcare professionals involved in the screening and diagnosis
of heart disease.

The innocent murmur is, however, the most frequently
misdiagnosed condition when testing auscultation skills of
medical practitioners.’ As a consequence, large numbers of
patients with an innocent murmur are inappropriately referred
for echocardiography, which has serious economic implications,
in addition to causing undue concern among healthy individuals
and their families.*

Echocardiography is the first-line imaging modality for the
confirmation of a diagnosis of structural heart disease.” The
American Heart Association and American College of Cardiology
define a class 1 recommendation for echocardiography as:
‘where clinical features indicate at least a moderate probability
that a murmur reflects structural heart disease’.®

These guidelines discourage the indiscriminate use of
echocardiography as a screening tool due to the cost and the
potential for overdiagnosis of disease. Despite this, patients
are still referred inappropriately for echocardiography for the
evaluation of innocent murmurs. In a retrospective review of 3
460 adult referrals for echocardiogram with the coding ‘murmur’
as the primary reason for referral, less than 50% had significant
valvular disease.” A study in Norway showed that only 10% of
children referred to a cardiac centre for investigation of a cardiac
murmur were subsequently found to have a congenital cardiac
lesion.® The majority of these children (71%) were referred by
general practitioners, though in only 17% was a diagnosis made
by the referring physician.

There is therefore a major need to improve the ability of
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medical practitioners to identify murmurs that have a high
probability of structural heart disease. CAA promises to address
this need by providing a decision support tool on the likelihood
of the presence of pathological murmur.

CAA as a teaching aid for cardiac auscultation

In the past decade, numerous reports have expressed concern
over the training of healthcare professionals in cardiac
auscultation.>** Despite the fact that directors of USA-based
medical school programmes interviewed considered auscultation
an important clinical skill, only 27% of internal medicine and
37% of cardiology programmes offered any structured teaching
of auscultation." A multi-centre study testing medical students,
trainees, physicians and teaching faculty more comprehensively
demonstrated low ability to recognise systolic and diastolic
murmurs." These studies indicate the need for more directed
teaching of cardiac auscultation.

The ability of a digital stethoscope to record sounds, replay
them at different speeds, provide a visual display and develop a
database of heart sounds for on-going review creates a unique
vehicle for teaching auscultation and is a major incentive for the
addition of CAA into current teaching programmes.

The development of computer-assisted auscultation

The pursuit of a quantitative and objective stethoscope has
occupied investigators for decades, and electronic stethoscopes
have been available commercially for some time.” Early
criticisms related to difficulty of use, distortion of sound and
cumbersome designs. However, over the past decade, rapid
advances have been made not only in the electronic stethoscopes
themselves, but also in the associated computer analysis."

The CAA provides a spectral and temporal analysis of heart
sounds and a graphic display of the energy profiles relating
to systolic and diastolic murmurs (Fig. 1)."* The quantitative
measurement of the intensity of the heart sounds and murmurs
in the spectral display, which is recorded simultaneously with
the waveform of the sounds, allows objective classification
into normal and abnormal sounds (Fig. 2)."” Signals obtained
electronically may be subjected to objective visual and numerical
analysis, transmitted to distant sites, and stored for medical and
research purposes.

The Food and Drug Administration (FDA) has approved
the first CAA system as an aide to the physician for the
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Fig 1. The computer interface, as displayed on a laptop
computer, depicts the areas of auscultation, visual
display of heart sounds and murmurs, as well as ECG.
(Reproduced with the permission of Mr Thys Cronje.)

detection of abnormal heart murmurs. Using this software, the
sensitivity for detection of murmurs increased from 77 to 89%,
while the referral sensitivity increased from 87 to 93% among
primary-care physicians.'® Another decision support system,
aimed at the paediatric population and utilising novel signal-
processing techniques, recently reported a specificity of 94% and
a sensitivity of 91% for the detection of murmurs associated with
structural heart disease.'”'

Opportunities for clinical application

CAA is a promising decision support tool for the identification
of pathological murmurs and appropriate referral of cases
for further investigation. Primary-care physicians assessing
asymptomatic patients with heart murmurs were able to increase
the sensitivity of pathological murmurs detected with the use of
CAA from 77 to 89%, while referral sensitivity increased from
87 to 93%, and specificity increased from 64 to 79%.'

The clinical utility of the digital stethoscope and associated
software in detecting cardiac disease has great potential
(Table 1). A recent article described an autonomous auscultation
system which could be used to screen for cardiovascular disease
in the rural areas of Africa.”” The performance of the system was
impressive, with a sensitivity of 82% and a specificity of 88%
for the identification of pathological murmurs, demonstrating
its potential benefit as a screening tool in a rural healthcare
environment.

The need for a method to detect athletes at risk of sudden
cardiac death due to hypertrophic obstructive cardiomyopathy
led to a pilot study examining the level of agreement between
auscultation by a cardiologist and the results of CAA.* This
study was able to identify ejection systolic murmurs that are
louder in standing than in reclining positions: a cardinal sign of
hypertrophic obstructive cardiomyopathy.

The third heart sound is an early abnormality in adult patients
with heart failure. It is frequently missed in a cursory examination
of the heart, but is easily recorded by means of CAA.*!

The most common cause of acquired heart disease in
the world, rheumatic heart disease, has long been neglected
due to its waning incidence in the developed world.?> A
landmark study in Mozambique and Cambodia, however,
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Fig 2. In this display, analysis has determined that
pathological murmurs were detected in the tricuspid,
aortic and pulmonary areas. The computer interface also
displays the level of confidence (90%) and the heart rate.
(Reproduced with the permission of Mr Thys Cronje.)
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Screening for structural
heart disease

Clinical teaching of
cardiac auscultation

Task shifting and
telemedicine

centres.

TABLE 1. CLINICAL USES FOR CAA

Screening for structural heart disease at primary healthcare level can be improved by the additional of an objective tool to aid
referral decision making. Areas where this could potentially be of application include pre-athletic screening, antenatal screening
of pregnant women, and screening for heart failure and early rheumatic heart disease in asymptomatic people.

CAA may aid in more directed teaching in cardiac auscultation. This includes specific training in auscultation sequence, length
of auscultation at each site, as well in the creation of data banks of auscultation recordings. Sounds can be relayed to multiple
listeners simultaneously, replayed at different speeds and a visual display can improve retention of information. CAA can also
be incorporated into distance-learning programmes.

The global shortage of trained medical specialists requires the training of a new cadre of mid-level and community health
workers who may benefit from the use of CAA as a decision support tool in screening for structural heart disease. Telemedicine
may be used to link these cadres of health workers, who are often in remote areas, to clinicians and secondary and tertiary

demonstrated an almost 10-fold under-appreciation of affected
patients, using conventional auscultation compared to portable
echocardiography.® It is currently being investigated whether
CAA improves the early identification of pathological heart
sounds in patients with rheumatic heart disease.*

Co-existing cardiovascular disease during pregnancy is a
leading cause of maternal mortality and contributes to significant
morbidity.* Early identification of women with cardiac disease
is essential to managing the effects of cardiac disease during
and after pregnancy. Certain conditions such as rheumatic mitral
stenosis are poorly tolerated in pregnancy. It is likely that mitral
stenosis and other structural heart diseases would be identified
during routine antenatal screening of pregnant women in primary
healthcare clinics if CAA was used as a decision support tool for
nurses and doctors in the antenatal clinic.

The use of CAA in task shifting and telemedicine

A recent World Health Organisation report outlined the crisis
in human resources in healthcare, and focused on the particular
shortage of trained specialists in sub-Saharan Africa.”* This
shortage has resulted in the shifting of tasks normally performed
by specialists, to mid-level and community health workers.?”” The
use of technology to support community health workers has been
recommended, as many other areas of medicine have benefitted
by incorporating technology to identify disease in remote areas
of the world.**

A key issue regarding the health worker shortage in
sub-Saharan Africa is insufficient training opportunities.
Two-thirds of sub-Saharan African countries have only one
medical school, and 11 sub-Saharan African countries have no
medical school at all.** One of the solutions is the introduction
of distance learning and open-access teaching materials.”’ The
ability of the digital stethoscope to transmit banks of recorded
data for remote teaching suggests its utility for such a programme.
The computer interface also serves as a reminder to students of
the correct auscultation method (in terms of placement and
length of auscultation).

Another use of CAA is in the field of telemedicine. Recording
heart sounds using a digital stethoscope and transmitting
the sound data for remote assessment by a cardiologist was
demonstrated to have a sensitivity and specificity of 90 and 98%,
respectively, for the detection of pathological murmurs, with low
inter-observer and intra-observer variability.™

Challenges and further development

Despite the potential of CAA, it has yet to be adopted into
mainstream clinical practice. There are several factors which

may improve the chances of adoption of this new technology.*
Firstly, successful CAA systems must have a clearly defined
indication: screening, diagnosis, and/or teaching. In addition,
ease of use by personnel is of particular importance. Data must
be analysed in real-time and be stored in a format which can
be integrated into clinical records. From a technical standpoint,
standardised data sets would be of great benefit and need to be
highly sensitive and specific.

Finally, single-praecordial-site CAA does not approximate
the clinical routine of auscultation in different sites, use of
diaphragm, bell and adjunct manoeuvres to comprehensively
examine the heart. A new recording device using a multiple-
praecordial-site approach, simultaneously acquiring six
auscultation sites, a single-channel ECG and a respiratory
recording, is under development.

Conclusion

Heart disease is a major cause of morbidity and mortality in all
age groups worldwide. For decades, conventional auscultation
has been the mainstay for screening and diagnosis of structural
heart disecase. However, the inherent limitations of the standard
stethoscope have resulted in declining reliance on auscultation
findings and the inappropriate referral for echocardiography of
large numbers of patients with innocent murmurs.

CAA provides objectivity to a traditionally subjective clinical
skill. As an objective diagnostic support tool, it may improve
the number of appropriate cases of murmur that are referred
for echocardiography from primary care. Furthermore, CAA
can provide a new platform for teaching cardiac auscultation
to health science students and physicians. Finally, CAA may
provide a decision support tool for mid-level and community
health workers, with linkage to central expertise and training
through telemedicine.

We thank Mr Thys Cronje for the photographs. As a Fogarty International
Clinical Research Fellow, Dr Ziihlke is supported by the National Institutes of
Health, Office of the Director, Fogarty International Centre, Office of AIDS
Research, National Cancer Centre, National Eye Institute, National Heart,
Blood and Lung Institute, National Institute of Dental and Craniofacial
Research, National Institute on Drug Abuse, National Institute of Mental
Health, National Institute of Allergy and Infectious Diseases Health, and
NIH Office of Women’s Health and Research through the International
Clinical Research Scholars and Fellows Programme at Vanderbilt University
(R24 TW007988) and the American Relief and Recovery Act.

References

1. McLaren MJ, Hawkins DM, Koornhof HJ, Bloom KR, Bramwell-Jones
DM, Cohen E, et al. Epidemiology of rheumatic heart disease in black
shcoolchildren of Soweto, Johannesburg. Br Med J 1975; 3(5981):



408

10.

11.

14.

15.

16.

CARDIOVASCULAR JOURNAL OF AFRICA - Vol 23, No 7, August 2012

474-478.

Etchells E, Bell C, Robb K. Does this patient have an abnormal systolic
murmur? J Am Med Assoc 1997; 277(7): 564-571.

Gaskin PR, Owens SE, Talner NS, Sanders SP, Li JS. Clinical ausculta-
tion skills in pediatric residents. Pediatrics 2000; 105(6): 1184-1187.
McCrindle BW, Shaffer KM, Kan JS, Zahka KG, Rowe SA, Kidd L.
An evaluation of parental concerns and misperceptions about heart
murmurs. Clin Pediatr (Phila) 1995; 34(1): 25-31.

Dolara A. The decline of cardiac auscultation: ‘the ball of the match
point is poised on the net’. J Cardiovasc Med (Hagerstown) 2008;
9(11): 1173-1174.

Bonow RO, Carabello BA, Chatterjee K, de Leon AC, Jr, Faxon DP,
Freed MD, et al. 2008 focused update incorporated into the ACC/
AHA 2006 guidelines for the management of patients with valvu-
lar heart disease: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines
(Writing Committee to revise the 1998 guidelines for the manage-
ment of patients with valvular heart disease). Endorsed by the Society
of Cardiovascular Anesthesiologists, Society for Cardiovascular
Angiography and Interventions, and Society of Thoracic Surgeons. J
Am Coll Cardiol 2008; 52(13): e1-142.

Movahed MR, Ebrahimi R. The prevalence of valvular abnormalities
in patients who were referred for echocardiographic examination with a
primary diagnosis of “heart murmur”. Echocardiography 2007; 24(5):
447-451.

Norgard G, Greve G, Rosland GA, Berg A. [Referral practice and clini-
cal assessment of heart murmurs in children]. Tidsskr Nor Laegeforen
2005; 125(8): 996-998.

Shindler DM. Practical cardiac auscultation. Crit Care Nurs Q 2007;
30(2): 166-180.

Mangione S, Nieman LZ. Cardiac auscultatory skills of internal medi-
cine and family practice trainees. A comparison of diagnostic profi-
ciency. J Am Med Assoc 1997; 278(9): 717-722.

Vukanovic-Criley JM CS, Warde CM , Boker JR , Guevara-Matheus
L, Churchill WH , Nelson WP , Criley JM. Competency in cardiac
examination skills in medical students, trainees, physicians, and
faculty: a multicenter study. Arch Intern Med 2006; 166(6): 610-616.
Belmont JM, Mattioli LE, Goertz KK, Ardinger RH, Jr, Thomas CM.
Evaluation of remote stethoscopy for pediatric telecardiology. Telemed
J 1995; 1(2): 133-149.

Tavel ME. Cardiac auscultation: a glorious past — and it does have a
future! Circulation 2006; 113(9): 1255-1259.

Gamero LG WR. Detection of the first and second heart sound using
probabilistic models. 25th A Int Conf IEEE EMBS, Cancun, Mexico
2003; 25: 2877-2880.

Noponen AL, Lukkarinen S, Angerla A, Sepponen R. Phono-
spectrographic analysis of heart murmur in children. BMC Pediatr
2007; 7: 23.

Watrous RL, Thompson WR, Ackerman SJ. The impact of computer-
assisted auscultation on physician referrals of asymptomatic patients
with heart murmurs. Clin Cardiol 2008; 31(2): 79-83.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Fourie P. Development of a hand-held device for automated paediatric
cardiac auscultation. S Afi Heart J 2009; 6(4): 263.

Pretorius E, Cronje ML, Strydom O. Development of a pediatric
cardiac computer aided auscultation decision support system. Conf
Proc IEEE Eng Med Biol Soc 2010; 1: 6078—6082.

Botha JS, Scheffer C, Lubbe WW, Doubell AF. Autonomous ausculta-
tion of the human heart employing a precordial electro-phonocardi-
ogram and ensemble empirical mode decomposition. Australas Phys
Eng Sci Med 2010; 33(2): 171-183.

Watrous RL, Bedynek J, Oskiper T, Grove DM. Computer-assisted
detection of systolic murmurs associated with hypertrophic cardiomyo-
pathy: a pilot study. Tex Heart Inst J 2004; 31(4): 368-375.

Hult P, Fjallbrant T, Wranne B, Ask P. Detection of the third heart
sound using a tailored wavelet approach. Med Biol Eng Comput 2004;
42(2): 253-258.

Watkins DA, Zuhlke LJ, Engel ME, Mayosi BM. Rheumatic fever:
neglected again. Science 2009; 324(5923): 37.

Marijon E, Ou P, Celermajer DS, Ferreira B, Mocumbi AO, Jani D,
et al. Prevalence of rheumatic heart disease detected by echocardio-
graphic screening. N Engl J Med 2007; 357(5): 470-476.

Engel M, Ziihlke L, Robertson KA. ASAP programme: Rheumatic
fever and rheumatic heart disease: Where are we now in South Africa?
S Afrr Heart J 2009; 6: 270-273.

Diao M, Kane A, Ndiaye MB, Mbaye A, Bodian M, Dia MM, et al.
Pregnancy in women with heart disease in sub-Saharan Africa. Arch
Cardiovasc Dis 2011; 104(6-7): 370-374.

World Health Organization. The World Health Report 2006: Working
together for Health. Geneva: WHO ISBN 92 4 156317 6 (NLM clas-
sification: WA 5300), 2006: 8.

Fulton BD, Scheffler RM, Sparkes SP, Auh EY, Vujicic M, Soucat A.
Health workforce skill mix and task shifting in low income countries: a
review of recent evidence. Hum Resour Hith 2011; 9(1): 1.

Sinha SR, Barry M. Health technologies and innovation in the global
health arena. N Engl J Med 2011; 365(9): 779-782.

Selke HM, Kimaiyo S, Sidle JE, Vedanthan R, Tierney WM, Shen C,
et al. Task-shifting of antiretroviral delivery from health care workers
to persons living with HIV/AIDS: clinical outcomes of a community-
based program in Kenya. J Acquir Immune Defic Syndr 2010; 55(4):
483-490.

Anyangwe SC, Mtonga C. Inequities in the global health workforce: the
greatest impediment to health in sub-Saharan Africa. /nt J Environ Res
Publ Hth 2007; 4(2): 93-100.

Chapman C, White CB, Engleberg C, Fantone JC, Cinti SK. Developing
a fully online course for senior medical students. Med Educ Online
2011; 16.

Dahl LB, Hasvold P, Arild E, Hasvold T. Heart murmurs recorded by
a sensor based electronic stethoscope and e-mailed for remote assess-
ment. Arch Dis Child 2002; 87(4): 297-301; discussion 297-301.
Mahnke C. Automated heartsound analysis/computer-aided ausculta-
tion: a cardiologist’s perspective and suggestions for future develop-
ment. Conf Proc IEEE Eng Med Biol Soc 2009: 3115-3118.




	OFC
	IFC
	CVJA 23.7
	IBC
	OBC



