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SCREENING of children for heart disease
is at this time best done by an auscultatory

technique. Previous articles have described the
process of recording heart sounds on high fidel-
ity equipment and listening to them on playback
equipment (1-3). The main advantage of this
process over direct auscultation is that the phy¬
sician may listen to the tapes in a quiet place at
a time of his choice.
A preliminary study to investigate the feasi¬

bility of this method for screening children's
heart sounds for heart disease was begun in
Chicago in 1954 (1). Satisfactory results led
to a mass field trial on more than 33,000 school
children in that city during 1959-60 (g£).
About 1,000 children were screened per week,
using fixed equipment set up in a mobile trailer.

Dr. Myron M. Rubin, senior physician and associate
cardiologist, Lancaster General Hospital, Lancaster,
Pa., served for the Lancaster County Heart Associa¬
tion as medical administrator of the screening proj¬
ect described in this paper; Mrs. Bushnell served as

project coordinator for the heart association. Dr.
Hayman, associate director for preventive services,
District of Columbia Department of Health, was at
the time of the study medical director of region VI,
Pennsylvania Department of Health. Dr. Levy is
chief of the Congenital Heart Disease Section, Heart
Disease Control Program, Division of Chronic Dis¬
eases, Public Health Service. The late Dr. William
Kraus, director, division of chronic diseases, and Dr.
Clarence A. Tinsman, chief, heart and metabolic dis¬
eases section, Pennsylvania Department of Health,
were instrumental in obtaining support for this
study, which was conducted under a contract from
the Pennsylvania Department of Health.

Sixty-four cases of definite organic heart dis¬
ease, a rate of 2 cases per 1,000 children screened,
were found in the study. Half of these cases

were previously unknown.
In late 1961, the Advisory Committee of the

Heart Disease Control Program, Chronic Dis¬
eases Division, Public Health Service, recom¬

mended that comparative and evaluative studies
of this method be initiated using portable equip¬
ment assembled by the program from adaptable
components available on the commercial market
U).
Since the Pennsylvania Department of

Health was interested in the method for possible
use in school health programs, a preliminary
field test using the new equipment was con¬

ducted in that State during the 19652-63 school
year.

Lancaster County was selected as a trial area

for several reasons. The Heart Association of
Lancaster County, a new organization, was

eager to initiate a community service project and
the Pennsylvania Department of Health had a

well-functioning cardiac clinic which could pro¬
vide followup for the children found positive in
screening. The county, a medium-sized com¬

munity with 275,000 people, was ideal for a field
trial. It had urban, suburban, and rural com¬

munities and schools.
The study's main objectives were to: (a)

test the practicability of using portable equip¬
ment by determining its portability and sturdi-
ness and the frequency and cost of repairs and
maintenance under field conditions; (b) deter¬
mine how many children could be screened in
an hour and in a school day; (c) ascertain the
number of tapes to which a physician could
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listen per hour and for how many hours; (d)
determine the yield of unknown heart disease
by this method; and (e) determine the cost per
screenee.

Materials and Methods

From the 2d, 7th, and 12th grades of 20 pub¬
lic and 5 parochial schools in Lancaster, Pa.,
and from 1 parochial high school in Lancaster
County, 4,530 students, all of whom had under-
gone physical examinations during the previous
year, were selected for study. Results of the
physical examinations were to serve as checks
on the heart disease screening method with
tapes. It was believed that this method might
uncover additional cases of organic heart dis¬
ease.

Preparation for the screenings included a let¬
ter to each physician in the county outlining
the project, talks to the parent-teacher associa¬
tions, and a visit by the coordinator of the
project to each school to orient the school nurses

and to leave informational brochures, brief med¬
ical questionnaires, and consent slips for the
parents.
The screening equipment was loaned by the

Heart Disease Control Program, Public Health
Service. The recording unit consisted of a

modified tape recorder and monitor unit, a con¬

tact heart-sound microphone, a separate voice
microphone, and a special recording chair and
arm. Playback equipment consisted of a tape
deck and amplifier with modifying filters, head-
phones, and an oscilloscope for visual observ-
ance of the signal. The screening components
have been described elsewhere in more detail

With the child sitting forward, the micro¬
phone was applied to two chest sites: to the
apex, as determined by the point of maximum
impulse, and to the base, at the sternal border
of the third left interspace. Eleven seconds of
heart sounds plus 2 seconds for identification
data were recorded at each site. Two cardiolo-
gists listened to the tapes and independently
classified them as "technically unsatisfactory,"
"negative," or "suspicious."
A team of eight cardiologists was employed.

All of the first readings and about 20 percent
of the second were done by a group of seven

Lancaster physicians (Dr. John H. Esbenshade,
Jr., Dr. Samuel H. Hauck, Dr. Carl H. Hoover,
Dr. Richard H. Mann, Dr. Arthur Martin, Dr.
Harvey H. Seiple, and Dr. Myron M. Rubin).
A Philadelphia cardiologist (Dr. J. W. Fewell)
with previous experience in heart-sound taping
did most of the second readings. All children
whose heart sounds were considered suspicious
by either the first or second listeners or both
were recalled for direct auscultation and a brief
physical examination by two cardiologists.
Also recalled were children who had a history
of possible or definite heart disease or rheu¬
matic fever and those whose tape recordings
were judged technically unsatisfactory by one

or both listeners. Children with suspicious
findings at the recall examination were referred
through their private physicians for complete
workups if diagnostic information was not

already available.

Results

Of 4,530 students in the 2d, 7th, and 12th
grades, heart sounds of 4,139 (91.4 percent)
were taped (table 1). An average of 55 chil¬
dren were processed per hour, including regis¬
tration, undressing, taping, and redressing.
Sounds of 391 were not taped; parental per¬

mission was denied for 41 of these, and 194
students were absent on the day of taping. An
additional 156 12th graders in one school re¬

fused to participate despite parental consent
(table 2). The refusals occurred when a few
athletic heroes decided at the last minute not to
be taped with a subsequent bandwagon effect.
The physician-listeners' interpretations are

shown in table 3. Ninety-nine (2.4 percent)
Table 1. Participation in heart-sounds screen¬

ing by school grade, Lancaster County, Pa.,
1962-63
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Table 2. Reasons for nonparticipation in heart-
sounds taping, Lancaster County, Pa., 1962-63

Table 3. Tape interpretations by physician-
listeners, Lancaster County, Pa., 1962-63

1 So classified by both listeners or classified technically
unsatisfactory by one and negative by the other.

2 So classified by one or both listeners.

of the 4,139 recordings were considered techni¬
cally unsatisfactory. Of the 4,040 considered
technically satisfactory, 339 (8.4 percent) were

classified as "suspicious." Although all 339
children with "suspicious" findings were re¬

called for auscultation, 46 (13.6 percent) did
not return, including 4 children with known
congenital heart disease (table 4).
Of the 293 who did return, 109 (37.2 per¬

cent) were found to have innocent murmurs

and 29 (9.9 percent) suspicious murmurs. The
29 were referred for further diagnostic evalua¬
tion. Three did not appear for the final workup
(table 5). Of the remaining 26 with suspicious

murmurs, 13 had innocent murmurs and 13
(50.0 percent) had definite organic heart dis¬
ease upon further evaluation.
Based upon heart sounds considered suspi¬

cious on tape, table 6 shows a yield of 15
known cases of heart disease (14 congenital and
1 rheumatic) and 2 additional cases of previ¬
ously unknown rheumatic heart disease. No
cases of congenital heart disease were newly
discovered. The results represent a total prev¬
alence of 4.1 cases per 1,000 among 4,139 chil¬
dren taped, of which 0.5 cases per 1,000 were

previously unknown. Not included in this fig¬
ure are three cases of congenital heart disease
not considered suspicious on tape. Addition of
these 3 cases would increase the prevalence to
4.8 cases per 1,000. Furthermore, on the basis
of the 50 percent yield among children who
returned for final workup, 1 or 2 cases might
be expected among the 3 who did not return

Table 4. Findings on auscultation of children
with suspicious murmurs on tape, Lancaster
County, Pa., 1962-63

1 Includes 4 children with known congenital heart
disease.

Table 5. Results of diagnostic workups on chil¬
dren with suspicious murmurs at auscultation,
Lancaster County, Pa., 1962-63

1 Included ECG and chest X-ray.
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(table 5). This additional number would in¬
crease the estimated prevalence to slightly more
than 5.0 cases per 1,000. It should be noted,
however, that the prevalence figures are un-

corrected for possible unknown cases missed by
the screening procedure, for possible cases

among children who were absent from school
on the day of taping or who refused or were de¬
nied parental permission to participate, and for
possible cases among hospitalized and home-
bound children.
Table 7 shows the distribution by school

grade of the 17 verified cases of heart disease
considered suspicious on tape. Of the three
students with cases of congenital heart disease
whose heart sounds were not considered sus¬

picious on tape, two were in the second grade
and one in the seventh. Although these figures
are too small to allow calculation of reliable
rates for each grade, they are included for refer¬
ence. Accumulation of information from this
and future studies will perhaps help determine
which grade levels would provide the greatest
yield from screening.

Distribution of all 20 cases of heart disease
by type of lesion, by whether or not the disease
had been detected previously, and by tape inter¬
pretation is shown in table 8. The three previ¬
ously known heart disease cases that were

missed on tape were congenital: one in a second
grader and another in a seventh grader were

diagnosed as pulmonary stenosis; the third, in

Table 6. Prevalence: of heart disease cases
among 4,139 school children screened, based
upon "suspicious" findings on tape, Lancaster
County, Pa., 1962-63

1 Excludes 3 cases of previously known congenitalheart disease which were negative upon tape interpre¬
tation and includes 4 cases of previously known congen¬ital heart disease in children who did not return for
recall examination.

Table 7. Distribution of heart disease in chil¬
dren by school grade, based upon "suspi¬
cious" findings on tape, Lancaster County, Pa.,
1962-63

1 Excludes 3 previously known cases of congenital
heart disease which were negative upon tape interpreta¬
tion.

a second grader, represented a surgically cor¬

rected patent ductus arteriosus with no abnor¬
mal auscultatory findings. Of the three cases
of rheumatic heart disease detected on tape, the
previously known one was mitral insufficiency
in a seventh grader; the two previously un¬

known ones were mitral insufficiency in a second
grader and aortic stenosis with aortic insuffi¬
ciency in a seventh grader.
All 17 students with congenital heart disease

and the student with known rheumatic heart
disease were under medical supervision; 5 had
had surgery. The two with previously undiag¬
nosed rheumatic heart disease are under medi¬
cal supervision and are receiving secondary
rheumatic fever prophylaxis.
The physician-readers' interpretations of the

tapes are compared in table 9. Reader 1 inter¬
preted 7.7 percent of the technically satisfac¬
tory tapes as suspicious, whereas reader 2 con¬
sidered only 1.2 percent as suspicious. We used
this formula to arrive at these percentages:

_Number of suspicious tapes_
total number taped.technically unsatisfactory X100.

Thus, for reader 1,
313

For reader 2,
4,139.71

59

X 100=7.7.

X 100=1.2.4,139.59'
It is important to note that all of the first

readings and about 20 percent of the second
were performed by a group of 7 cardiologists;
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about 80 percent of the second were performed
by 1 cardiologist with previous experience in
heart-sound taping. The first readers, who had
considerably less experience, produced a much
higher rate of interpretations of "suspicious"
than the second reader. This result apparently
follows the general rule that new readers are

more cautious and have higher rates of children
recalled. The first and more cautious readers
missed two of the previously known cases of
heart disease but detected both of the previously
unknown ones. The experienced second reader
missed the same two cases, an additional two

known cases, and the two previously unknown,
or a total of six.
The degree of agreement on "normal" by the

first and second readers was 90.8 percent:

4,075 (either or both)
In the Chicago study, this agreement was 97.5
percent (%).
Agreement on "technically unsatisfactory"

was 9.2 percent:
11 (both readers)
119 (either or both) X

100=9.2.

Table 8. Distribution of all heart disease cases in Lancaster County, Pa., study, classified by type
of lesion, previous history, and tape results

Type of lesion Total
cases

Known
suspicious

Known
negative

Unknown1
suspicious

Total heart disease_

Congenital heart disease_
Pulmonic stenosis_
Ventricular septal defect_
Tetralogy of Fallot_
Ventricular septal defect with possible pulmonic

stenosis_
Patent ductus_
Aortic stenosis_..
Aortic stenosis and aortic insufficiency_
Multiple lesions3_

Rheumatic heart disease_
Mitral insufficiency_
Aortic stenosis and aortic insufficiency_

20 15

17
5
4
3

14
3
4
3

1
0

3
2
0
0

0
21
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
2
1
1

1 Whether any of the recordings classified negative represented failure to detect previously unknown cases could
not be determined by the method used in this study.

2 Surgically corrected with no residual murmur.
8 Pulmonic stenosis, ventricular septal defect, atrial septal defect, transposition, and situs inversus. (The student

had been operated on in 1950 and was in the 12th grade at time of study.)

Table 9. Comparison of findings of first and second physician-readers, Lancaster County, Pa., study,
1962-63

1 Does not include the surgically corrected patent ductus arteriosus with no residual murmur.
Note: Italics denote definite heart disease.
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The agreement on "suspicious," similar to
that on the "technically unsatisfactory," was 9.7
percent:

Table 10. Screening costs, Lancaster County,
Pa., study, 1962-63

33 (both readers)
339 (either or both) X

100=9.7.

These percentages were lower than the respec¬
tive 18.9 and 11.1 percent reported in the Chi¬
cago results.
Agreement rose to 76.5 percent on the definite

cases of heart disease considered suspicious on

tape:
13 (both readers)
17 (either or both)

X 100=76.5.

This proportion compares favorably to Chi¬
cago's 50 percent agreement. The yield of
definite heart disease from all children recalled
by either or both readers was 5 percent. Agree¬
ment by both readers that a recording was sus¬

picious increased the chances of there being
definite heart disease to 39.3 percent.

Direct expenses for screening the 4,139 chil¬
dren in this study were $4,761.09, or $1.15 per
child screened (table 10). The total includes
salaries of the project coordinator and clerk-
technicians, fees to physicians for tape-
listening, mileage charges, and costs of tapes,
registration forms, records, and administrative
incidentals; it does not include any expenditure
for recall examinations since these were done
gratis by the project cardiologists.

Discussion

The Public Health Service and the Pennsyl¬
vania State Department of Health, the local
heart association, medical society, and parent-
teacher associations, the local school adminis¬
trators, teachers, and nurses, and many volun¬
teers cooperated in the Lancaster County
screening project. School nurses were particu¬
larly helpful because of their knowledge of the
children in their schools. The screening pro¬
cedure was fast; an average of 55 children were

taped per hour. This rate compares favorably
with the 250 a day reported by Smith and others

The recording equipment performed ade¬
quately during each session. Minor adjust-
ments that had to be made on several occasions
did not interfere with screening. Duplicate

Item

Tape-reading (15 cents per tape-
listener X 2 readers X 4,139
children)_

Equipment (amortized on the basis
of 150,000 tapings)_

Tapes_
Project coordinator and recording

technicians_
Local travel for project coordina¬

tor and technicians (1,971.2
miles @ 10 cents per mile)_

Administrative incidentals_

Total i_

Cost per
item

$1, 241. 70

124.17
59.60

3, 058. 50

197.12
80.00

4, 761. 09

Cost
per
child

$0.30

.03

.01

.74

.05

.02

1.15

1 Does not include any expenditure for recall exami¬
nations since the project cardiologists performed these
gratis. Depending on local pay scales and the recall
rate, this will vary from 5 to 20 cents per screenee.

equipment could have been obtained within one-

half hour if the need had arisen. In no instance
did screening have to be called off or be re-

scheduled. Necessary repairs were made lo¬
cally between sessions. Although the record¬
ing equipment was considered portable by the
women technicians, they usually obtained assist¬
ance in moving the bulky chair.

Occasionally the technician delayed screen¬

ing because she heard music or news from a local
radio station over the tape monitor. Appar¬
ently the heart-sound microphone acted as a

crystal radio receiver. Some of the tapes were

recorded, however, with the radio program in
the background. Keaders were still able to in¬
terpret these and listed very few of them as

technically unsatisfactory.
The project coordinator devoted considerable

time and effort to inducing physicians to listen
to the tapes soon after the recording session.
The time between the school taping session and
receipt of a screening report ranged from 5 to 8
weeks for the Philadelphia physician and from
2 to 3 weeks for the local physicians. The
Lancaster physicians were unable to listen in
their own offices because not enough listening
sets were available, but they were able to do so

conveniently at the local heart association of¬
fice. They were able to screen an average of
120 recordings an hour but could not listen for
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more than an hour at a time because of aural
fatigue and boredom.
In the Chicago study, the two reader groups

complemented each other; each found some

cases missed by the other. This was not so in
Lancaster where the second readers failed to
detect any definite cases missed by the first,
presumably because the first readers were the
more cautious.
The rate of students recalled in Lancaster,

8.4 percent, was markedly higher than the 1.5
percent reported by Chicago. The higher rate
probably was due in part to the initial over-

cautiousness of those who did the first readings
and to their inability, at first, to distinguish be¬
tween suspicious murmurs, cardiorespiratory
murmurs, and adventitious sounds. The ob¬
served prevalence of 4.1 cases per 1,000 and the
estimated prevalence of slightly more than 5.0
cases per 1,000 fall in the general range indi¬
cated in Morton's comprehensive review of
heart disease prevalence in school children (5).
The prevalence ratio of congenital to rheu¬

matic heart disease was found to be approxi¬
mately 5:1 in Lancaster County. Morton
notes that congenital heart disease is likely to
exceed rheumatic, but the rates he lists from
more recent studies indicate a ratio consider¬
ably less than 5:1. One possible explanation
for the discrepancy may be that while the Lan¬
caster group covered a wide age range, only
11 percent were older than 13 years; rheumatic
heart disease would be more prevalent in the
older age group. Or it may be that the un¬
known cases missed by screening procedures
based on tape recordings are more likely to be
cases of rheumatic heart disease than congeni¬
tal, since aortic and mitral insufficiency appear
to be more difficult to detect (#, 3).
One of the two aortic lesions detected in the

Lancaster study represented a known congeni¬
tal defect; the other, an unknown case of rheu¬
matic heart disease. Possibly these would have
been missed had the Lancaster group used the
same recording site as the Chicago investiga¬
tors, the second left interspace instead of the
third left.
On the other hand, the Lancaster readers

missed two known cases of pulmonic stenosis
with murmurs of grade 3 intensity (on a scale

of 6) at the second left interspace, as determined
by auscultation. In one of these cases, audio
and oscilloscopic rescreening of the tape showed
that the murmur had not been picked up at the
third left interspace. Of course, one must as-

sume that the microphone had been placed ex-

actly at the sternal border or at the third left
interspace and that the equipment recorded
properly. The other missed murmur was defi-
nitely audible on tape although both readers
failed to call it suspicious. Had the recording
been made at the second left interspace, the
murmur might have been more prominent and-
other auscultatory phenomena such as an ab¬
normality of the second heart sound or the
presence of a pulmonary ejection sound might
have been noted. Any of these circumstances
would have increased the chances of detecting
these cases.

In short, while the third left interspace ap¬
peared to be a better site for detection of aortic
lesions, its use instead of the second left inter¬
space may have been responsible for the read¬
ers5 failure to detect two pulmonic lesions. The
questions arise, therefore, whether selection of
this site lessened the chances of detecting un¬

known congenital heart disease, and whether,
three or more sites may not be needed to give the
best screening yield.
In evaluating the Chicago experience,

Abrams emphasizes the extra costs in money
and in time of school personnel and of others
that cardiac screening entails. He points out
its low yield, the organizational planning re¬

quired, and other negative aspects. Abrams
believes that cardiac screening should be done
only as part of a multiphasic screening pro¬
gram, perhaps including measurements of
height and weight, tests of vision and hearing,
tuberculin test, urinalysis, hemoglobin determi¬
nation, physical examination, and immuniza¬
tion (3). We also agree that it would be best
to conduct cardiac screening as an integral part
of a coordinated school health program.
Recognizing that the method used in this

study would not indicate the number of un¬

known cases missed, we have not attempted to
discuss sensitivity or specificity. To meet this
deficiency, however, in the fall of 1963 we began
a sensitivity and specificity study. The heart
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sounds of approximately 5,000 children have
been taped and auscultated at the same session
by two cardiologists, who later read the tapes.
We are preparing the results for publication.

Summary

A field test of a heart-sounds screening
method of detecting heart disease in school chil-
dren was undertaken in Lancaster, Pa., with
newly developed portable tape-recording equip-
ment.
Of 4,530 students in the 2d, 7th, and 12th

grades, 4,139 (91.4 percent) were screened; 339
were recalled for an auscultatory examination
because of findings on tape interpreted as sus-
picious. Forty-six of those recalled failed to
retum.

Examination of the 293 who returned yielded
29 students with findings suspicious enough to
require further evaluation. Three did not ap-
pear for final workup. Confirmatory data on
the remaining 26 revealed 13 with innocent
murmurs and 13 with definite organic heart
disease.
Four of the 46 who failed to return for auscul-

tatory examination had known congenital heart
disease, bringing the total cases of heart disease
found on tape by the project readers to 17. Of
these, 15 were previously known (14 congenital
and 1 rheumatic heart disease) ; the 2 previously
unknown cases both consisted of rheumatic
heart disease. Three additional congenital
heart disease cases were not detected on tape;
one consisted of a corrected patent ductus with
no residual murmur.

The 20 cases of heart disease found among the
study population gives a prevalence of 4.8 cases
per 1,000. The addition of 1 or 2 cases that
might have been expected among the children
who did not return for further workup would
increase the estimated prevalence to slightly
more than 5.0 per 1,000.
In the two cases of pulmonic stenosis missed

on tape by both readers in the study, grade 3
murmurs at the second left interspace were ob-
served upon auscultation. The major reason
for failure to detect these cases was possibly use
of the third rather than the second left inter-
space as the site for the second recording.
The direct screening cost in this study was

$1.15 per child.
Because this field trial clearly indicated the

need for determining the screening method's
sensitivity and specificity, an appropriate fol-
lowup study was undertaken in the fall of 1963.
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