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Automated Cardiac Auscultation for Detection of Pathologic Heart Murmurs
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Abstract. Experienced cardiologists can usually recog-cases presenting in school-aged children [12]. In addi-
nize pathologic heart murmurs with high sensitivity andtion, the incidence of acquired heart disease in this popu-
specificity, although nonspecialists with less clinical ex-lation is low. Given the prevalence of innocent murmurs
perience may have more difficulty. Harsh, pansystolicand the relatively low incidence of actual heart disease,
murmurs of intensity grade=3 at the left upper sternal the primary health care provider may have difficulty de-
border (LUSB) are likely to be associated with pathol-termining which patients with murmurs need specialist
ogy. In this study, we designed a system for automatireferral, especially when there are no other signs or
cally detecting systolic murmurs due to a variety of con-symptoms of heart disease.

ditions and examined the correlation between relative  |n studies of patients referred by primary care phy-
murmur intensity and likelihood of pathology. Cardiac sjcians because of heart murmurs either directly for
auscultatory examinations of 194 children and youngechocardiography or for evaluation by the cardiologist,
adults were recorded, d?gitized,_ anq stored along witrbmy 20% to 30% of the patients have pathology [6, 18].
corresponding echocardiographic diagnoses, and auterhjs supports the conclusion that expensive testing based
mated spectral analysis using continuous wavelet trangsy, clinical assessment by the primary provider is prob-
fo_rms was performed. P_atients without heart disease a”ley not cost-efficient when compared to a strategy of
either no murmur or an innocent murmur € 95) Were  eferrg to the specialist prior to testing, but it also points
compared to patients with a variety of cardiac diagnoseg, ;; the need for improvements in the primary screening
and a pathologic gy;tolic murmur present at the LUBB ( examination. However, recent evidence suggests that
= 99). The sensitivity and spguﬁmty of the'au.tomattled proficiency in cardiac auscultation among physicians in
system for detecting pathologic murmurs with |nten5|tytraining may be in decline [10, 13, 14, 16, 23, 24], and

tgr::devvzezrewf(r)%(;Otgu?ggfétzgdcg)rrdi%rc?ofugscmuﬁgt?grzsan éew systemic remedies have been proposed. Neverthe-
inte%pretation maoil be useful as a diagnostic aid to Sup_ess, _screen.ing for heart disease by card.iac.auscultation
port clinical decision making remains an important part of general ped|a'gr|c and adu_lt

' care, preoperative assessment of anesthetic and surgical
risks, and prescreening for heart disease prior to partici-
pation in athletics, according to policy statements of the
American Academy of Pediatrics and the American
Heart Association [2, 3, 17].

Recent advances in digital signal processing have
Innocent heart murmurs are common in clinical practicejed to a reexamination of the potential role of spectral
present on at least one examination in 50% to 90% ofnalysis of heart sounds in cardiac diagnosis [4, 5, 7, 20,
children and 15% to 44% of young adults [6, 11, 18, 19,25] |n this study, we investigated a new technique for
22] In contrast, the incidence of Congenital heart diseasevajuating heart murmurs in children and young adults
is 0.5% to 0.8% [9], with most cases presenting in in-ysjng automated analysis of the systolic energy content
fancy and only 1 or 2 per 1000 previously unknown found in digital recordings of cardiac auscultations. The

spectral energy was compared to murmur intensity grade
Correspondence taV.R. Thompson, Brady 521, Johns Hopkins Hos- PY Clinical assessment and to echocardiographic diag-
pital, 600 North Wolfe Street, Baltimore, MD 21287-2651, USA; Noses for a variety of cardiac diseases, and correlations
email: thompson@jhmi.edu were established. The goal of this study was to evaluate
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Table 1.Comparison of murmur intensity at the LUSB as judged by Data Acquisition
traditional stethoscope examination versus digital recording

Digital PhonocardiographyPhonocardiography was performed on all

Murmur intensity Murmur intensity on digital recording subjects immediately following echocardiography. With the patient in
by stethoscope exam the supine position, a piezoelectric contact sensor (Hewlett-Packard,
0 1 2 3 4 Model 21050A) was firmly secured on the chest for a 20-second re-
cording from each of at least five of the usual auscultatory areas. Three
0 28 2 electrocardiographic leads were placed for recording the simultaneous
1 10 2 ECG signal on a separate channel for cardiac cycle gating. The record-
2 4 11 22 ing protocol took 3 to 5 minutes per patient to complete. A 12-bit
3 1 2 15 10 PCMCIA analog-to-digital conversion board was used to digitize data
4 2 2 5 at a sample rate of 8.13 kHz. Digital recordings, along with demo-
5 3 2 graphic, clinical, and echocardiography data, were stored in a relational
NA 41 12 12 8 database.
Total cases 74 37 56 20 7 Echocardiography.All studies were performed with either a
Hewlett-Packard Sonos 2000, 2500, or 5500 or an Acuson 128 XP
NA: Not available. echocardiographic system. The echocardiograms were interpreted in-

dependently without knowledge of phonocardiogram or spectral analy-

. . . sis. A study was considered normal if no pathologic diagnosis other

automated spectral analysis for potential use as a diaghan trace to mild tricuspid or pulmonary regurgitation or trace mitral
nostic aid to assist the clinician in the detection andregurgitation was made. All other studies with structural heart disease

evaluation of heart murmurs. were considered abnormal.

Methods Spectral Analysis

The heart sound signals were low-pass filtered at 1000 Hz and con-
Subject Population verted to timescale (analogous to time-frequency) domain using the

continuous wavelet transform method. The derived energy values, ex-
All patients evaluated in the pediatric echocardiography laboratory forpressed in decibels (dB), are relative. &d S were automatically
assessment of possible heart disease, follow-up of known heart diseas#gtected for each cardiac cycle by reference to the QRS peak and used
or cardiac evaluation in the setting of other systemic diseases during o define the systolic interval. Interrogation of the systolic interval for
31-month period were considered potential candidates for digital resspectral energy content was limited to the middle portion, beginning at
cording of cardiac auscultation. Heart sound recordings were made i82.5% and ending at 67.5% of the distance fromdS,. The effects
sufficient time and technical assistance were available, consent foof extraneous noise and artifact were minimized by using the median
participation was obtained, and the patient was cooperative enough tenergy value derived from at least 15 cardiac cycles per recording. The
allow for minimal background noise. The protocol was approved by therange of variability of the relative energy values during a single clinic
Joint Committee for Clinical Investigation. visit was +1.2 dB, as determined in a separate series of cases in which

During a 31-month period, approximately 12,000 patients hadnine duplicate recordings from the LUSB of the same patient on the

complete two-dimensional echocardiography, 706 of which also hadsame clinic day were analyzed for consistency of recording technique
cardiac auscultation recordings digitized and stored. Cases for furtheand spectral analysis.
study were identified by searching the database for (1) cases with
echocardiographic diagnosis of normal, without further restrictions,
and (2) cases with echocardiographic diagnosis of abnormal anatomg
and the presence of a systolic murmur at the left upper sternal border

(LUSB) by.clinic physi'cian stethoscope'examination. Data were analyzed using the one-tailed, two-sample unequal variance
The binary data files were automatically scanned for adequacy Olgy,jenpst-test, withp < 0.05 considered significant. The median en-

the electrocardiograph (ECG) signal and approximately 95% were 8Cargy value was compared to the presence or absence of heart disease by

ceptable, resulting in 229 cases for further review. Prior to spectral

: - - . echocardiography, and receiver-operating characteristic (ROC) curves
analysis, all files were converted to WAV digital audio format and were calculated.
listened to by a single cardiologist to ensure consistency of clinical
auscultation data and murmur intensity assignment. For each case, the
location and relative intensity grade (1-6) of the systolic murmur(s),
when present, were determined. In cases in which the original stethoR€SUItS
scope examination had also been performed by a cardiologist, the cor-
relation between the intensity grade on the stethoscope exam compar@lopulation
to the digital recording was generally high & 0.82,p < 0.0001)
(Table 1). Five cases without heart disease and no murmur were elimiThe 194 binary files on which spectral analysis was per-
nated because of the presence of a systolic click. Sixteen cases Wi‘fbrmed were from 193 unique patients (one patient with-
pathology by echocardiogram were eliminated due to the lack of an . .
audible systolic murmur at the LUSB on the digital recording. Of the out heart disease was recorded on t"‘fo separate V.ISItS 6
remaining 208 cases, 10 were eliminated because of unacceptably |oW0”thS apart). There were 95 cases without heart disease
quality of digital recording due to artifact noise, and 4 were unable to(mMedian age 8.6 years, range 40 days to 40.8 years, 54%
be processed due to other technical problems. males) and either no murmun (= 74) or an innocent

tatistical Analysis
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Table 2.Relationship between systolic murmur intensity grade andsystolic energy level is higher for a randomly selected
spectral energy values (in relative dB) pathologic case than for a randomly selected case with
no heart disease. The false-negative and false-positive

Intensity Mean Median Low High SD pvalue rates for group B at different possible cutpoints are
O =74) 44 4.0 41 129 40 — shown in Fig. 1B. The primary diagnoses of the 143
1( = 37) 7.3 7.4 12 152 36 0.0002 cases used to calculate the group B ROC curve are shown
2(n=56) 157 15.0 27 311 59 <0.0001 in Fig. 2 with the corresponding spectral energy values.
3(h=20 243 239 16.1 392 56 <0.0001 As expected,the pathologic diagnoses included primarily
4=7 255 292 150 322 71 03564 gnes commonly associated with murmurs heard at the

% values compare the mean energy value with the value for the pre!'USB.' There were two false negatives in grO.Up B (using
vious intensity level. cutpoint of 11.6 dB)—a 2-day-old neonate W|_th coarcta-
tion of the aorta (6.5 dB) and a 6-month-old infant with
trivial pulmonary valve stenosis (8.4 dB). There were
eight other pathologic cases under 12 months old in
murmur audible at the LUSBn(= 21). The intensity of  group B, all of whom were true positives with energy
the innocent murmurs at the LUSB included gradenl ( values >11.6 dB (mean 20.5, SD 4.9).
= 18) and grade 2n( = 3), as determined by listening If only pathologic cases with murmur intensity grade
to the dlgltal reCOfding prior to SpeCtral analySiS. Therez3 were Compared to all normal cases (group C)’ the
were 99 cases with heart disease (median age 4.8 yeakensitivity and specificity of the algorithm for detecting
range 2 days to 31.2 years, 47% males) and a systolighe pathologic murmur increased to 100% at cutpoint of
murmur heard either best at (= 63) or radiating toff ~ 13.0 dB. Thus, using the systolic murmur intensity cri-
= 36) the LUSB. The intensity of the pathologic mur- teria of McCrindle et al. [18] to correlate best with like-
murs at the LUSB included grade 1 (15 best heard at th@hood of pathology, the algorithm was able to discrimi-

LUSB and 4 radiating to the LUSB), grade 2 (30 bestpate normals from pathologic cases with no false nega-
heard at the LUSB and 23 radiating to the LUSB), andtjves or false positives.

grade=3 (18 best heard at the LUSB and 9 radiating to

the LUSB).
) Innocent Murmurs

The specificity of the algorithm for labeling cases with
Analysis innocent murmurs correctly as nonpathologic was high.

There were 21 normal subjects with innocent murmurs
The relationship between systolic murmur intensityonly. Of these, there was only 1 case with energy value
grade and corresponding derived spectral energy i$11.6 dB, a 3-year-old with a grade 2 murmur (12.0 dB).
shown in Table 2. There was a significant increase in thél'he specificity of the algorithm among patients with in-
mean energy value at each successive intensity gradecent murmurs in this series was thus 95%, similar to
except between grades 3 and 4. The mean energy valubke overall specificity of the entire group of normals. Of
for all cases with no heart disease, including those withhote, the mean energy value for the 19 pathologic cases
innocent murmurs, was 4.7 dB (range —4.1 to 12.9, SDwith a grade 1 murmur was 9.2 dB (range 1.6 to 15.2, SD
3.8), which was significantly lower than the mean value3.4). This was significantly higher than the mean value
for cases with pathology by echocardiogram of 17.1 dBof 4.4 dB for the 74 normal cases with no murmur (range
(range 1.6 to 39.2, SD 7.5,< 0.0001). A comparison of -4.1to 12.9, SD 4.0p <0.0001) and the mean value of
the sensitivity and specificity of the energy value for 5.3 dB for the 18 normal cases with a grade 1 innocent
predicting pathology at various cutpoints is shown inmurmur (range 1.2 to 10.5, SD 2.@,= 0.0002). The
Table 3. Using an energy threshold of 7.0 dB, the senmean value from normal cases with a grade 1 innocent
sitivity and specificity of the energy value for predicting murmur was not significantly different from that found
pathology for the entire group of cases were 93% andn cases with no murmump(= 0.1428), suggesting that
75%, respectively. If prediction was based on the subinnocent murmurs may have less energy, as measured by
group of pathologic cases with murmur intensity gradethe detection algorithm, than pathologic murmurs of the
=2 (group A), the sensitivity of 90% had an increasedsame relative intensity. More cases of higher intensity
specificity of 89% at cutpoint 10.2 dB. (grades 2 and 3) innocent murmurs must be analyzed

If all normal cases were compared to pathologicbefore the true specificity of the algorithm for distin-

cases with murmur intensity grade2 which were best guishing innocent from pathologic murmurs of equal in-
heard at the LUSB (group B), the sensitivity and speci-tensity can be established. However, this finding sug-
ficity increased to 96% for cutpoint of 11.6 dB. The ROC gests the possibility of detecting characteristics of mur-
curve for group B is shown in Fig. 1A. The area undermurs other than simple intensity that contribute to
the curve is 0.986, which is the probability that the mid- pathologic versus innocent midsystolic energy values.
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Table 3.Comparison of the sensitivity and specificity of the energy value for predicting pathology at various cutpoints

n Sensitivity at energy cutpoint (dB)
7.0 10.2 11.6 13.0
All pathologies (95% ClI) 99 0.93 (0.86-0.97) 0.83 (0.74-0.90) 0.78 (0.68-0.86) 0.68 (0.57-0.77)
Group A* (95% ClI) 80 0.98 (0.91-1.00) 0.90 (0.81-0.96) 0.90 (0.81-0.96) 0.81 (0.71-0.89)
Group B (95% Cl) 48 0.98 (0.89-1.00) 0.96 (0.86-0.99) 0.96 (0.86-0.99) 0.83 (0.70-0.93)
Group C (95% ClI) 27 1.00 (0.87-1.00) 1.00 (0.87-1.00) 1.00 (0.87-1.00) 1.00 (0.87-1.00)
Specificity (95% ClI) 95 0.75 (0.64-0.82) 0.89 (0.81-0.95) 0.96 (0.88-0.98) 1.00 (0.96-1.00)

3All abnormal cases with pathologic murmur intensity graei2.
PAbnormal cases with pathologic murmur intensity grae2, best heard at LUSB.
°All abnormal cases with pathologic murmur intensity grae@.

5.2 years, range 1 month to 15.7 years)—14 with no

G T murmur and 14 with an innocent murmur, gradenl=
11) or grade 21f = 3). Only 2 new patients with no
07 pathology on echocardiogram had energy values >11.6
g ¢ Area under curve = 0.986 (95% C.1. = 0.962 to 1.000) dB. One was the 3-year-old child with a grade 2 innocent
g o - 95% confidence intervals (on sensitivity) murmur discussed previously and the other was a 5-year-
@ 04 old with no murmur (12.9 dB). Thus, the algorithm cor-
03 rectly identified as negative 13 of 14 innocent murmurs
0 and 13 of 14 cases with no murmur among the new
0! patients.
°‘°0 0 o1 02 05 os 05 os 07 o8 05 1o There were nine new cases found to have pathology
A ispefey on echocardiogram (ECG) (median age 1.2 years, range
030 e 3 days to 15.1 years), with murmur intensity grades 1 (
e ] =1),2 {0 = 6), and 3 6 = 2). Three of these had
025 - Group B energy values less than 11.6 dB: a 5-year-old with a
0.20 . grade 1 murmur at the LUSB and an atrial septal defect
T (6.2 dB), a 6-month-old with a grade 2 murmur and
§ 0.15 .-1 . trivial pulmonary stenosis (8.4 dB), and a 4-year-old
oo | Flse Positive Ratew ~ with a grade 2 murmur and mild pulmonary stenosis (9.1
) . False Negative Rate dB). The six true positives, with energy values >11.6 dB,
0.05 included three cases with pulmonic stenosis, two with
- subaortic stenosis, and one with patent ductus arteriosus.
0.00 * If these cases had been screened using group B criteria
B9 s s 16 17 18 (murmur intensity grade=2, best heard at the LUSB)
B Energy at LUSB (dB) with cutpoint 11.6 dB, there would have been only one

false negative (trivial pulmonary stenosis) out of six
Fig. 1. (A) Receiver-operating characteristic (ROC) curve for group B. pathologic cases.
Group B includes all normal cases € 95) and only pathologic cases
with murmur intensity grade=2 which were best heard at the LUSB (
= 48). Confidence intervals shown are for sensitivity; specificity con-
fidence intervals were narrower. The arrow indicates the energy cutDjscussion
point that may afford a clinically reasonable trade-off between sensi-

tivity and specificity.(B) The false-negative and false-positive rates for ) )
group B at different possible cutpoints are shown. In a study of 222 consecutive patients referred for evalu-

ation of a heart murmur, McCrindle et al. [18] found that
six cardinal clinical signs on cardiac examination proved
) to be significant independent predictors of the presence
New Patients of a confirmed cardiac lesion. The six signs were mur-
mur intensity grade=3, best heard at the LUSB, harsh
Of the 194 cases examined, 37 (19%) were new referralguality, pansystolic timing, the presence of a systolic
without previous diagnosis of heart disease. Of theseglick, or the presence of an abnormal second heart sound.
there were 28 cases without heart disease (median agéne authors estimated that if referring clinicians were
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Fig. 2. Graph showing the relative midsystolic energy value for each of the 143 cases in group B (see legend to Fig. 1). The list of primary
pathologic diagnoses is shown with the corresponding energy value for the case(s) with that diagnosis. The numbers on the diagnosis lines rep-
resent the murmur intensity grade at the LUSB. The dotted line shows the energy cutpoint of 1AS, d8rtic valve stenosisASD, atrial

septal defectCAVC,common atrioventricular canaCoA, coarctation of the aortd)ORYV, double-outlet right ventriclePAB, pulmonary artery
band;PDA, patent ductus arteriosuBS, pulmonic valve stenosisS/p, status postrepair oSubAS subaortic stenosisSubPSsubpulmonic ste-
nosis; TAC, truncus arteriosus communi§GA, transposition of the great arterieBOF, tetralogy of Fallot;TOF/PA, tetralogy of Fallot with

pulmonary valve atresia/SD,ventricular septal defect.

reliably able to recognize these six signs, referrals omautomatically detected. The results show that for patients
direct ordering of echocardiograms might be reduced bywith a pathologic systolic murmur of intensity grage,
approximately 50%. best heard at the LUSB, digital recordings from that lo-
Several studies have shown that clinical assessmermation could be screened for systolic interval energy con-
by an experienced cardiologist can detect heart disease tent, and the relative energy level detected by automated
children and adults with up to 96% sensitivity and 89% analysis correlated highly with probability of pathology.
to 95% specificity, and that lesions missed by this as-Likewise, recordings from patients with either no mur-
sessment are likely to be less serious in nature [11, 15nur or innocent systolic murmurs of grage had lower
18, 22]. These studies have generally assessed the camnergy values that allowed correct identification of these
diologists’ clinical skill in the selected population of pa- cases as normal. Increasing energy level in midsystole,
tients referred to rule out heart disease, in which there iss automatically detected in this study, was both a sen-
a higher preevaluation probability of disease than existsitive and a specific predictor of pathologic murmurs.
in the general population (25-30% vs 0.8%). In contrast,  Itis interesting that the algorithm, which is designed
the task of primary health care providers to distinguishto screen for only one of the six cardinal clinical signs of
pathologic from normal cardiac findings is more difficult cardiac pathology, performs acceptably against a diverse
not only because the provider is less familiar with thegroup of cardiac pathologies as well as patient ages and
characteristics of specific, uncommon cardiac lesions busizes. Although the number of new patients evaluated
also because of the much lower preevaluation likelihoodvas relatively small, the predictive value of the algo-
of encountering disease. Given these challenges and rethm among this group was high. The one new patient
cent concerns about the adequacy of training in cardiawith pathology that would have been missed by an ap-
auscultation among new residents, it is clear that im-plication of the algorithm, if used to detect pathologic
provements in detection methods and in teaching of tramurmurs of intensity grade=2 best heard at the LUSB,
ditional cardiac auscultation are needed. was a 6-month-old infant with trivial pulmonary valve
In this study, a new technique involving spectral stenosis. It is estimated that heart murmurs first noted at
analysis of digital heart sound recordings was evaluate® months of age carry a 1:7 risk of congenital heart
to assess whether pathologic heart murmurs could bdisease, whereas those first heard at 12 months have only
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a 1:50 risk. However, if a murmur first detected at birth In addition, this study was by design limited in its
persists until 12 months, the risk is 3:5 [21]. For neonatesnalysis of innocent murmurs. The majority of patients in
with murmurs, the risk of structural heart disease may beur practice with innocent murmurs are correctly diag-
as high as 54% to 84% [1, 8]. Thus, it would be prudentnosed by the cardiologist on clinical evaluation and do
and appropriate to have a lower threshold for referral ofnot have echocardiography; thus, they were not eligible
infants less than 12 months of age with murmur whenfor participation in this study. The intention of this initial
using this or any diagnostic support strategy for detectingnvestigation was rather to focus on developing a process
congenital heart disease. whereby murmurs could be automatically interrogated
We speculate that with further development and testand analyzed for energy content. As such, the ability to
ing, automated spectral analysis of auscultatory data maglistinguish innocent from pathologic murmurs of equal
be of assistance to primary care providers, increasing thistensity was not a priority; therefore, the true specificity
rate and accuracy of detection of occult heart disease. Iof the algorithm against innocent murmurs is currently
addition, the ability to quantitatively assess heart soundsinknown. However, the data do suggest that at least
and murmur characteristics may be of use to the cardisome innocent murmurs appear to have less energy than
ologist for following certain patients with known heart pathologic murmurs of the same relative intensity, pos-
disease to detect changes in disease severity without trebly reflecting differences in spectral bandwidth. In any
use of serial echocardiography. We do not foresee thevent, since murmurs with intensity grage3 are more
application of such a device in the role of screening forlikely to be pathologic, restriction of the algorithm to
all forms of heart disease since some pathologic condidetect only murmurs of this intensity or higher would
tions may have only subtle or no abnormal auscultatoryikely provide for robust specificity against grade 2 in-
findings. Rather, the algorithm may be useful as a connocent murmurs, if clinically desired. Louder-intensity
venient, rapid, low-cost method whereby a nurse orinnocent murmurs (grade?2) are much less common in
health care associate could quantitatively detect andlinical practice than grade 1 murmurs and would there-
document the presence of higher intensity heart murfore be more appropriate for referral to the specialist and
murs, which have a correspondingly higher likelihood of possibly for echocardiography if detected by the algo-
being due to pathology. Patients with a higher murmurrithm.
intensity score could then be reviewed more carefully in Finally, the performance of the algorithm against an
the context of other historical and physical examinationunselected patient population, as would be found in the
findings to develop a more consistent, informed basis foprimary health care provider’s practice, is currently un-
referral. known and may differ considerably from that reported
here. A prospective trial to investigate performance in
this setting is planned to determine the actual positive
and negative predictive value of the algorithm, given the
In this initial study, we chose to analyze only recordingsmuch lower pretest probability of disease in the primary
taken from the LUSB because of the observation thatare setting.
murmurs best heard at this area were more likely to be
pathologic, according to McCrindle et al. [18]. It is not
known how the analysis will perform at other ausculta- Conclusions
tion areas, particularly at the left lower sternal border

where Still's-type innocent murmurs are often heard. Werjs study demonstrates a method for automated spectral
expect that each area may have a different cutpoint fogna|ysis of heart murmurs in children and young adults.
pathologic murmurs because the lesions most often asyigsystolic energy present in pathologic murmurs can
sociated with murmurs at those areas differ. be automatically detected and murmur intensity corre-
Importantly, this algorithm was designed to detect|ieq with likelihood of pathology. Future refinements
pathologic systolic murmurs and not necessarily allyng testing of the algorithm may lead to a diagnostic

pathologic lesions. Many examples of severe heart dezssist device to support clinical decision making.

fects exist without a related systolic murmur. Similarly,

although most diastolic murmurs, other than the venouscknowledgmentsve thank Caridad de la Uz and Judith Meadows for
hum, are associated with pathology, this algorithmexcellent technical assistance, Lisa Blodgett and Richard Wojcik for
makes no attempt to detect them. We anticipate that fusomputer and database support, and Jean S. Kan, MD, for critical
ture algorithms may eventually be able to detect addijea(_jing of thg manuscript. This study was supported in pa_lrt by the
tional pathologic features and diastolic murmurs. How-:itr']‘t”:,";‘i'ﬂ':";‘gcj'ge/i:‘:]‘)’/"ﬁng:;ti{dés'gg;eﬁ”:ri; R cooperaive agree-
ever, we do not expect aUtomat.ed spe(_:tral .anaIySIS_ t?he views, opinions, and/or findings contained in this report are those
replace the need for careful attention to historical detallsof the authors and should not be construed as a position, policy deci-

general physical findings, and cardiap auscultatory signsion, or endorsement of the federal government or the National Medical
not detectable by automated analysis. Technology Testbed, Inc.
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