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(57) Abrége/Abstract:

The electronic stethoscope Is designed to minimize the influence of the various types of noise while optimizing auscultation of
the sounds of interest, and to enable a cardiologist to auscultate mechanical heart valves. It comprises a probe for sensing
sounds of interest produced within a patient's body and for converting these sounds to an electric signal, and an audio amplifier
and earphones for reproducing the sounds of interest In response to this electric signal. The stethoscope comprises: (a) a first
filter unit having a frequency response that optimizes filtering of the tremor and passing of the low frequency sound components
of interest in the range Including the frequencies lower than 75 Hz; (b) a second filter unit having a frequency response that
optimizes both attenuation of the ambient noise and passing of the sound components of interest in the range 110-1300 Hz,
taking into consideration the variation of sensitivity of the human ear in function of frequency; (c) a third filter unit for passing the
sounds of mechanical heart valves; and (d) a level detector detecting the amplitude level of the electric signal to activate a pulse

generator of which the pulses are applied to the audio amplifier for momentarily and repeatedly disabling this audio amplifier
when the detected amplitude level Is higher than a predetermined amplitude level threshold.
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The electronic stethoscope 1s designed to minimize the influence of the various types of noise while optimizing auscultation of the
sounds of interest, and to enable a cardiologist to auscultate mechanical heart valves. It comprises a probe for sensing sounds of interest

produced within a patient’s body and for converting these sounds to an electric signal, and an audio amplifier and earphones for reproducing

the sounds of interest in response to this electric signal. The stethoscope comprises: () a first filter unit having a frequency response that
optimizes filtering of the tremor and passing of the low frequency sound components of interest in the range including the frequencies lower
than 75 Hz; (b) a second filter unit having a frequency response that optimizes both attenuation of the ambient noise and passing of the
sound components of interest in the range 110-1300 Hz, taking into consideration the variation of sensitivity of the human ear in function
of frequency; /c) a third filter umt for passing the sounds of mechanical heart valves; and (d) a level detector detecting the amplitude level
of the electric signal to activate a pulse generator of which the pulses are applied to the audio amplifier for momentarily and repeatedly

disabling this audio amplifier when the detected amplitude level is higher than a predetermined amplitude level threshold.
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5 ELECTRONIC STETHOSCOPE

BACKGROUND OF THE INVENTION

10
l. Field of the invention:
The present invention relates to an
15 electronic stethoscope capable of detecting and
reproducing sounds of interest while eliminating most
©of the undesirable noise disturbing the physician or
other medical practitioner during auscultation.
20 2. Brief description of the prior art:

A plurality of electronic stethoscopes
have been proposed in the past. Examples are
described and illustrated in the following United

25 States patents:

3,247,324 (Cefaly et al.) 04/19/1966
4,170,717 (Walshe) 10/09/1979
4,254,302 (Walshe) 03/03/1981
30 4,534,058 (Hower) 08/06/1985
4,594,731 (Lewkowicz) 06/10/1986

Although many electronic stethoscopes are

available on the market, they have never been widely

35 accepted by the physicians and other medical
practitioners. A clinical study in different fields

of the medical profession indicates that non-
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acceptance of the electronic stethoscopes 1is mainly
due to the production of noise (or artefacts)
disturbing the physician or other medical practitioner
during auscultation as well as to the i_;n'capacity of

5 these stethoscopes to amplify and reproduce certain
biological sounds of interest. These two
considerations are not redundant. Indeed, a

biological sound can be either present but covered by
noise, or totally absent.

10
Many sources of noise have been 1identified.

These noise sources usually have a high amplitude
and/or a frequency characteristic situated within the
frequency range of the signal of interest whereby the

15 quality of auscultation is substantially reduced. Of
course, an efficient electronic stethoscope should be
capable of processing these different sources of

noise.

20 "Noise" is defined as being any signal other
than that of interest, and can be divided into the

following four categories:

A. External noise;

25
B. Noise related to auscultation;
C. Noise generated by the electronic circuits
of the stethoscope; and
30

D. Noise of biological nature produced by the

patient’s body.
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A. External noise:

This external, ambient noise is not directly
connected to auscultation, but originates from the
5 environment of the physician, the patient and the
stethoscope. For example, external noise is produced

by the telephone, voice, medical equipments, etc. 1Its
frequency characteristic is situated within the range
300-3000 Hz. These acoustic waves are sensed by the

10 electroacoustic transducer (microphone) of the
stethoscope and then amplified and transmitted to the

ears of the physician or other medical practitioner.

Although 1t is attenuated by the stethoscope

15 probe, the external noise is still perceived by the
medical practitioner as being dominant since
sensitivity of the human ear is higher at ambient
noise frequencies. Reference can be made to the

Fletcher-Munson curves showing that a sound at a
20 frequency of 1 kHz is perceived up to 100 times louder

than a sound of same intensity at a frequency of 100
Hz. Lower sensitivity of the human ear to the low
frequencies of the biological sounds results in a

weaker perception thereof.

25
The above mentioned clinical study has
determined that, amongst the various types of noise,
external nolse 1s the most disturbing. For example,
the sound of a normal heart has a frequency
30 characteristic situated within the range of 20-200 Hz

and 1s particularly covered and affected by ambient
noise. Measure of blood pressure is particularly
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affected by external noise since Korotkoff’s sounds

have low frequency characteristics.

B. Noise related to auscultation: L
5
The three following sources of noilse are

associated to auscultation of a patient:

1° Noise related to the preauscultation

10 manipulation:;

2° Movements of the physician and/or patient

(movements perceptible by human eyes); and

15 3° Tremor (involuntary trembling motion of the
hand of the physician mostly imperceptible by human

eyes) .

1° Noise related to the preausculation manipulation:

20
This category includes impacts between the
probe (including the electroacoustic transducer) of
the stethoscope and hard objects, and the noise
produced upon adjusting the different controls
25 (switches, potentiometers, etc.) of the stethoscope.
In particular, when the probe hits an object the
resulting sound is sensed by the electroacoustic
transducer and is then amplified to produce a very
high amplitude transitory signal. Under certain
30 circumstances, the transitory signal can have an
amplitude sufficient to harm the ears of the user.
Moreover, when the controls (switches, potentiometers,

etc.) are mounted close to the electroacoustic
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transducer, adjustment thereof 1is susceptible to
produce very unpleasant artefacts 1f they are not

adequately isolated from the electroacoustic
transducer.
5
2° Movements of the physician and/or patient
(movements perceptible by human eyes):
Upon carrying out auscultation, noise can be
10 generated when the physiclan or other medical

practitioner positions and displaces the probe on the
patient’s body. Movement of the patient’s body with
respect to the probe produces the same type of noise.
In both cases, the generated noise has a relatively

15 high intensity. The power of these artefacts 1is
surprising, in particular when the probe is positioned
and then displaced on the clothes of a patient.

3° Tremor:

20
Considerable efforts have been made ¢to

identify and characterize the source of a low
frequency rumble wrongly associated to background
noise. This low frequency rumble 1s generated by an
25 involuntary trembling motion of the hand of the
physician or other medical practitioner during
auscultation, twinned with the sensitivity of the
electroacoustic pressure transducer of the

stethoscope.

30
When the stethoscope 1s applied to the

patient’s body by a physician or other medical
practitioner, a low frequency rumble 1is produced and
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superposed to the biological sounds of interest. On

the contrary, the low frequency rumble disappears when

the probe of the stethoscope is held on the patient’s

body by means of an elastic belt instead of the

5 physician’s hand. This low frequenc")ﬁr-'? rumble 1is
produced by an involuntary trembling mgi".ion (tremor)

of the physician’s hand, which tremlgjfing motion 1is
mostly 1mperceptible by human eyes and has muscular
origins (positioning feedback). It is interesting to

10 note that the 1low frequency rumble considerably
reduces 1in intensity when the probe of the stethoscope

1s held in the air; the explanation is that an
electroacoustic transducer placed in a closed space is

more sensitive to variations of pressure in the cavity

15 than to the movement itself. Of course, when the

probe of the stethoscope 1is applied to the patient’s
body, the involuntary trembling motion of the hand

creates variations of pressure in the air compartment
between the electroacoustic transducer and the
20 patient’s body. The electroacoustic transducer senses
these pressure variations and generates in response
thereto a low frequency signal of which the frequency

characteristic is mainly situated in the range 10-100
Hz. When held 1in the air, the electroacoustic

25 transducer 1is subjected almost only to static

atmospheric pressure whereby the rumble considerably

reduces and can even disappear.

C. The noise generated by the electronic circuits of

30 the stethoscope:
This kind of nolise includes harmonic

distortion caused by saturation of the electronic
clrcults and modifying the signal of interest, as well
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as residual background noise of electronic nature
superposed to the signal of interest. Proper design
of the electronic circuits enables this noise to be,
if not completely eliminated, considerably reduced.

D. The noise of biological nature generated by the
patient’s body:

As defined in the foregoing description,
"noise" is any signal other than that of interest.
Therefore, the sounds of biological nature produced by
the patient’s body can be considered as being noise.
Accordingly when a cardiologist auscultates a 1low
frequency sound (for example B3 or B4 heart sounds),
muscular trembling, noise generated by the intestinal

peristalsis, pulmonary sounds as well as high
frequency heart sounds (murmurs, mechanical heart

valves, etc.) all constitute noise which disturbs his

concentration.

Generally, the prior art electronic

stethoscopes have a frequency bandwidth covering the
ranges of frequencies of the biological sounds of
interest, mentioned in the following TABLE OF COMMON
AUSCULTATORY SOUNDS. This well-known table identifies

the frequency contents of the cardiac, respiratory and
fetal sounds of interest. To those sounds should be

added the Korotkoff'’s arterial sounds auscultated upon
measuring blood pressure and mainly situated in the
frequency range 20-150 Hz. Accordingly, the prior art
stethoscopes designed from the information given in
this table present various frequency responses

comprised between 20-2000 Hz.
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OBJECTS OF THE INVENTION

An object of the present invention is
5 therefore to eliminate the above discussed drawback of
the prior ‘art electronic stethoscopes.

Another object of the present invention is to
provide an electronic stethoscope capable of

10 minimizing the influence of the various types of noise
while optimizing auscultation of the sounds of
interest.

A further object of the present invention is
15 to provide an electronic stethoscope enabling a
cardiologist to auscultate mechanical heart valves.

SUMMARY OF THE INVENTION
20

More specifically, in accordance with a first
aspect of the present invention, there is provided an
electronic stethoscope comprising first means for

25 sensing sounds of interest produced within a patient’s
body and for converting these sounds to an electric
signal, wherein the first means is manipulated by a
user’s hand, the electric signal includes 1low
frequency noise generated by an involuntary trembling

30 motion of the user’s hand upon manipulating the first
means, and the noise and sounds both have frequency
components situated within a common 1low frequency
range. A filter unit attenuates the electric signal
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in the common low frequency range, and comprises
second means for filtering from the electric signal a
substantial part of the noise components 1n lower
frequencies of that range, and third means for passing
5 a substantial part of the sound components 1in higher
frequencies of the same range. Finally, fourth means
reproduces the sounds of interest in response to the
electric signal from the filter. unit to enable the
user to hear and listen to these sounds. In
10 accordance with preferred embodiments, (a) the common

low frequency range comprises frequencies lower than
75 Hz, (b) the filter unit produces an attenuation of

about 40 dB at a frequency of 30 Hz and an attenuation
of about 3 dB at a frequency of 70 Hz, and (c) the
15 filter unit comprises serially interconnected first
and second high-pass filters. The first high-pass
filter produces an attenuation of about 3 dB at a
frequency of 60 Hz and an overshoot of about 3 dB at
a frequency of 80 Hz. The second high-pass filter

20 produces an attenuation of about 3 dB at a frequency

of 80 Hz.

The present invention also relates to an

electronic stethoscope comprising (a) first means for

25 sensing sounds of interest produced within a patient’s
body and for converting these sounds to an electric
signal, wherein the first means are capable of sensing
external ambient sounds whereby the electric signal
includes noise generated by those external ambient

30 sounds, and wherein the noise and sounds both have
frequency components situated within a common

frequency range, (b) a filter unit for attenuating the

electric signal in the common frequency range, this
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filter unit having a frequency response adequate to
optimize both attenuation of the noise components and

passing of the sound components, taking into
consideration the variation of sensitivity of the

5 human ear in function of frequency, and (c) second
means for reproducing the sounds in response to the
electric signal from the filter unit to enable a user
to hear and 1listen to the sounds of interest.

According to a first preferred embodiment, the

10 electronic stethoscope can operate in a diaphragm mode
and the common frequency range comprises the frequency
range situated between 160 and 1300 Hz, and the filter
unit comprises a low-pas’s filter producing an
attenuation of about 3 dB at a frequency of 160 Hz and

15 an attenuation of about 40 dB at a frequency of 700
Hz. According to a second preferred embodiment, the
electronic stethoscope can operate in a bell mode and
the common frequency range comprises the frequency
range situated between 110 and 1300 Hz, and the filter

20 unit comprises a low-pass filter producing a gain of
about 3 dB at a frequency of 90 Hz, an attenuation of
about 3 dB at a frequency of 120 Hz and an attenuation

of about 40 dB at a frequency of 550 Hz.

25 Further 1in accordance with the present
invention, there is provided an electronic stethoscope
comprising first means for sensing sounds of interest
produced within a patient’s body and for converting
these sounds of interest to an electric signal,

30 wherein the sounds of interest comprise sounds
produced by a mechanical heart valve having frequency
components situated within a high frequency range, and
second means for reproducing the sounds of interest in
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response to the electric signal to enable a user to
hear and listen to the sounds of interest. A third

filter means is interposed between the first and

second means for passing the frequency components
5 situated within the high frequency range and included
in the electric signal, and au fourth means 1is
responsive to detection of these frequency components

for transmitting these components from the third
filter means to the second means for reproduction of
10 t+he sounds of the mechanical heart valve. Preferably,
the high frequency range -comprises the frequency range
situated between 1.3 and 20 kHz, and the third filter
means comprises a band-pass filter producing an

attenuation of about 40 dB at a frequency of 2.5 kHz,
15 an attenuation of about 20 dB between 5 and 10 KkHz,

and an attenuation of about 40 dB at a frequency of 30
KHz.

The present invention still further relates to

20 an electronic stethoscope comprising first means for
sensing sounds of interest produced within a patient’s
body and for converting these sounds of interest to an
electric signal, and second means for reproducing the
sounds of interest in response to the electric signal

25 from the first means to enable a user to hear and
listen to these sounds of interest, whereiln third
means detects the amplitude level of the electric
signal for momentarily and repeatedly interrupting
operation of the second means when the detected

30 amplitude level 1is higher than a predetermined
amplitude level threshold, whereby the second means
are prevented from producing sounds of too high
intensity susceptible to harm the inner ear of the
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user. Advantageously, the third means comprises a
pulse generator for producing pulses, and an amplitude
level detector for activating the pulse generator when
the amplitude level of the electric signal is higher
5 than the predetermined amplitude level threshold, the
second means comprising an electric signal audio
amplifier supplied with the pulses from the pulse
generator and switched on and off 1n response to these
pulses in order to reduce the level of the reproduced
10 sounds while giving to the user the impression that

the stethoscope operates.

Many of the above described characteristics of
the electronic stethoscope according to the invention
15 may be combined to provide a more efficient and

versatile stethoscope.

The objects, advantages and other features of

the present invention will become more apparent upon

20 reading of the following non restrictive description

of a preferred embodiment of the electronic

stethoscope, given by way of example only with
reference to the accompanyling drawings.

25
BRIEF DESCRIPTION OF THE DRAWINGS
In the appended drawings:
30

Figure 1 is a schematic block diagram of the
preferred embodiment of the electronic stethoscope in
accordance with the present invention, comprising an
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anti-tremor filter unit, an external noise 1isolating
filter unit, a mechanical valve filter unit, and an
inner ear protecting unit;
RN
Figure 2 1s a logg“i‘ithmic graph showing the
frequency response of the electronic stethoscope of
Figure 1;

Figure 3 is a block diagram of the anti-tremor
filter unit of the electronic stethoscope of Figure 1;

Figure 4 1s a block diagram of the external

noise 1isolating filter unit of the stethoscope of
Figure 1;

Figure 5 1s a block diagram of the mechanical

valve filter unit of the electronic stethoscope of
Figure 1; and

Figure 6 1is a block diagram of the i1nner ear

protecting unit of the electronic stethoscope of
Figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In the different figures of the appended

drawings, the corresponding elements are identified by
the same references.

BV 27 s g o &
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The electronic stethoscope in accordance with
the present invention 1s generally identified by the

reference 10 in Figure 1.

As illustrated in Figure 1, the stethoscope 10
comprises an electroacoustic transducer (microphone)
12. The electroacoustic transducer 12 obviously forms
part of a probe (not shown) of the electronic
stethoscope 10, applied to the patient’s body during
auscultation. The electroacoustic transducer 12 is
capable of sensing, when the probe 1is applied to the
patient’s body, the sounds of interest produced within
the patient’s body and of converting these sounds to

an electric signal.

The 1low-level electric signal from the
electroacoustic transducer 12 1is amplified by a
preamplifier 13 before being applied to an anti-tremor
filter unit 14. As well known to those of ordinary
skill in the art, the preamplifier 13 presents
suitable input and output impedances and provides gailn
so that the low-level signal from the electroacoustic
transducer 12 may be further processed without

appreciable degradation in the signal-to-noise ratio.

Referring to Figure 2, the anti-tremor filter
unit 14 attenuates the electric signal 1in the low
frequency range including frequencies lower than 75 Hz
(section A of the frequency response of Figure 2). As
indicated in the foregoing description, the frequency
characteristic of the tremor is mainly situated in the
frequency range 10-100 Hz, that frequency range also
including low frequency heart sounds (see the above
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TABLE OF COMMON AUSCULTATORY SOUNDS) and the
Korotkoff’s sounds. Accordingly, the anti-tremor
filter unit 14 should minimizegghé influence of the
tremor while optimizing auscglfétion of these low
frequency sounds of interest. :it has been found that
a high=-pass filter unit adjusted to produce an
attenuation of about 40 dB at a frequency of 30 Hz and
an attenuation of about 3 dB at 70 Hz appropriately
fulfills this dual function (see section A of the

frequency response of Figure 2).

To obtain section A of the frequency response
of Figure 2, the anti-tremor filter unit 14 is formed,
as shown in Figqure 3, of two serial high-pass filters
15 and 1l6. As illustrated, filter 15 produces an
attenuation of about 3 dB at a frequency of 60 Hz
(point 17 in Figure 3) and an overshoot of about 3 dB
at a frequency of 80 Hz (point 11 in Figure 3), while
filter 16 produces an attenuation of about 3 dB at a
frequency of 80 Hz (point 18 of Figure 3).

Superimposition of the frequency responses of the
high-pass filters 15 and 16 provides section A of the
frequency response of Figure 2. The key 1s that such
superimposition will cut lower frequency tremor but

will not affect drastically higher frequency useful

signal. More specifically, filter unit 14 removes
from the electric signal a substantial part of the
noise components in lower frequencies of the range
including frequencies lower than 75 Hz, and passes a
substantial part of the sound components of interest

in higher frequencies of the same range.

PCT/CA93/00526
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The filtered electric signal from the anti-
tremor filter unit 14 is supplied to a volume control
19. volume control 19 is a circuit allowing the
physician to adjust the volume of the sounds
reproduced by means of the stethoscope 1. For that
purpose, volume control 19 will raise or lower the
amplitude of the electric signal from the output of
the anti-tremor filter unit 14. Volume control 19 may
include an adjustable resistive element (not shown),
associated or not with an amplifier (not shown) and
manually actuated by the physician while manipulating
the stethoscope’s probe. Volume controls are well
known to those of ordinary skill in the art and
accordingly volume control 19 will not be further
described in the present disclosure.

The electric signal from volume control 19 1is
supplied to an external noise isolating filter unit 20
and to a mechanical valve filter unit 21.

As illustrated in Figure 4, external noilse

isolating filter unit 20 comprises a diaphragm mode
low-pass filter 22 and a bell mode low-pass filter 23.

Low-pass filter 22 allows the stethoscope 10
to operate in the diaphragm mode. It attenuates the
electric signal in the frequency range 160-1300 Hz
(curve 24 of section B of the frequency response of
Figure 2). As indicated in the foregoing description,
the external noise has a frequency characteristic
situated in the fregquency range 300-3000 Hz. The
above TABLE OF COMMON AUSCULTATORY SOUNDS also

indicates that medium and high frequency heart and
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respiratory sounds form part of the frequency range
160-1300 Hz. Therefore, the diaphragm mode low-pass
filter 22 should minimize the,:““"-»ﬁ.j;.nfluence of the
external noise while optimizing}"*&éuscultation of the
5 sounds of interest in the freqti;é-r;cy range 160-1300 Hz.
It has been found that a low-pass filter 22 adjusted
to produce an attenuation of about 3 dB at a frequency
of 160 Hz (point 25 of Figure 4) and an attenuation of

about 40 dB at a frequency of 700 Hz (point 26 of
10 Figure 4) appropriately fulfills this dual function

(see curve 24 of section B of the frequency response
of Figure 2) while taking into consideration the above

mentioned variation of sensitivity of the human ear in
function of frequency. As can be seen in Figure 2,

15 external nolse components having a frequency higher
than 1300 Hz are greatly attenuated by the diaphragm
mode low-pass filter 22.

Low-pass filter 23 allows the stethoscope 10

20 to operate 1in the bell mode. It attenuates the
electric signal 1in the frequency range 110-1300 Hz
(curve 27 of section C of the frequency response of
Figure 2). As indicated in the foregoing description,

the external noise has a frequency characteristic

25 situated in the frequency range 300-3000 Hz. The
above TABLE OF COMMON AUSCULTATORY SOUNDS also

indicates that medium and high frequency heart and

respiratory sounds form part of the frequency range
110-1300 Hz. Therefore, the bell mode low-pass filter

30 22 should minimize the influence of the external noise
while optimizing auscultation of the sounds of
interest 1n the frequency range 110-1300 Hz. It has
been found that a low-pass filter 23 adjusted to
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produce a gain of about 3 dB at a frequency of 90 Hz
(point 28 of Figure 4), an attenuation of about 3 dB
at 120 Hz (point 29 of Figure 4), and an attenuation
of about 40 dB at a frequency of 550 Hz (point 30 of
5 Figure 4) appropriately fulfills this dual function
(see curve 27 of section C of the frequency response
of Figure 2) while taking into consideration the above
mentioned variation of sensitivity of the human ear in
function of frequency. Again, Figure 2 shows that
10 external nolise components having a frequency higher
than 1300 Hz are greatly attenuated by the bell mode

low-pass filter 23.

Signals from the low-pass filters 22 and 23
15 are supplied to a common output 40 of the external
noise isolating filter unit 20.

Connected in parallel with the external noise
isolating filter unit 20 is the mechanical valve
20 filter unit 21, for enabling a cardiologist to

auscultate mechanical heart valves.

The above mentioned clinical study has also
brought to 1light the importance of enabling
25 cardiologists to auscultate heart valvular prostheses

in order to establish diagnosis. Depending on the
type of prosthesis (bioprosthesis or mechanical
prosthesis), certain sounds detected during

auscultation can indicate serious problems.

30
As bloprotheses are made of biological tissue,

their acoustic signature is substantially the same as
that of natural valves and are located in the sanme
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frequency range. The frequency characteristics of
normal and pathological sound-_s:*"?produced by this type
of valves are consequently the same as those exposed
in the section "cardiology" of the above TABLE OF
5 COMMON AUSCULTATORY SOUNDS, in the low, medium and

high frequency ranges. On the contrary, mechanical
valves have acoustic signatures concentrated in the
frequency range 5-20 KHz. Upon auscultating a

mechanical valve, the cardiologist should hear the
10 very high frequency "click"; the absence thereof 1is
usually interpreted as being an abnormal situation,
very serious in certailn cases. For example, the
absence of the "click" can result from the formation
of a thrombus. Therefore, it is a requirement for an
15 electronic stethoscope used in cardiology to enable

auscultation of very high frequencies.

As illustrated in Figure 5, the mechanical

valve filter unit 21 comprises a band-pass filter 31,

20 a switch unit 32 and a frequency detector 33. Fillter
31 acts in the frequency range 1.3-20 KHz (see curve

34 of section D of the frequency response of Figure

2) . It has been found that a band-pass filter 31
adjusted to produce an attenuation of about 40 dB at

25 a frequency of 2.5 kHz (point 35 of Figure 5), and
attenuation of about 20 dB in the range 5-10 KHz
(section of curve between points 36 and 37 of Figure
5), and an attenuation of about 40 dB at a frequency
of 30 kHz (point 38 of Figure 5) will allow the

30 cardiologist to appropriately auscultate mechanical
heart valves. As the sensitivity of the human ear 1is
higher in the frequency range of 1.3-10 kHz, filter 31
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provides for an attenuation of at least 20 dB over

that range.

The signal from band-pass filter 31 is

5 supplied to a frequency detector 33. When frequencies
higher than 1300 Hz are present 1in this signal, the
frequency detector 33 senses them and closes the
switch unit 32 to supply the signal from the band-pass
filter 31 to the output 39 of filter unit 21.

10 Therefore, the mechanical valve filter unit 21 1is
active only when a given level of frequency components
higher than 1300 Hz are detected whereby filter 21
eliminates any ambient or electronic noise of such
frequency when the patient is not wearing a mechanical

15 heart valve.

The signals from the output 40 of the
external noise 1isolating filter unit 20 and from the
output 39 of the mechanical valve filter unit 21 are

20 added to each other through an adder 41 (Figure 1)
before being supplied to an audio amplifier 42.

As shown 1in Figures 1, 4 and 5, a mode

selector 43 enables the physician or other medical

25 practitioner to select the mode of operation of the
electronic stethoscope 10. Mode selector 43 comprises

a first output 44 to enable or disable the diaphragm

mode low-pass filter 22, a second output 45 to enable

or disable the bell mode low-pass filter 23, and a

30 third output 46 to enable or disable the frequency
detector 33 and thereby enable or disable the

mechanical valve filter unit 21. The physician or
other medical practitioner can therefore select the
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diaphragm or bell mode with or without the mechanical

valve mode.

As a non limitative éﬂgmple, selection of the

5 diaphragm mode through selector 43 could enable
operation of the mechanical valve filter unit 21 when
frequencies higher than 1300 Hz are present in the
signal. With the diaphragm mode selected, 1t will be
difficult for a <cardiologist auscultating 1low

10 frequency sounds produced by natural heart valves to
concentrate on these low frequency sounds 1n the
presence of a mechanical heart valve producing high
frequency sounds of higher intensity. For a selective
listening of low frequency sounds, the cardiologist

15 can select through the mode selector 43 the bell mode
which is a closed frequency range mode 1n which the
mechanical valve filter unit 21 1is 1nactive.
Moreover, as indicated by curve 27 of Figure 2, the

bell mode accentuates the 1low frequencies located

20 between 50 and 100 Hz and attenuates the medium
frequencies between 100 and 1300 Hz. This additional
feature enables a physician or other medical
practitioner to concentrate on low frequency sounds 1n

many situations in which medium, high and very high

25 frequencies are present.

Referring back to Figure 1, the signal from
the adder 41 is amplified by the audio amplifier 42
and reproduced by means of earphones 47.

30
In order to protect the 1nner ear of the

physician or other medical practitioner, a protecting

unit 48 prevents harmonic distortion of the signal and
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minimizes the undesirable effects of the noise
generated by preauscultation manipulations of the
probe and the movements (perceptible to the human
eyes) of the physician and/or patient. For that
5 purpose, the inner ear protecting unit 48 comprises a
detector 49 for detecting the amplitude level of the
signal from the audio amplifier 42 and for activating
a pulse generator when the signal level is higher than
a given amplitude level threshold. Pulse generator
10 50, when activated, produces a train of pulses that
switches the audio amplifier 42 on and off to reduce
the amplitude level of the signal supplied to the
earphones 47. Switching the audio amplifier 42 on and
off also gives to the user the impression that the

15 stethoscope operates.

A power supply 51 supplies with electric
energy the various circuits of the electronic
stethoscope 10, as schematically 1i1ndicated by the

20 arrows 53.

As can be appreciated, the frequency response
of Figure 2 1is divided 1into three main sections,
namely section A, section B or C, and section D

25 respectively controlled through a corresponding
dedicated filter unit. More specifically, section A
is controlled by the anti-tremor filter unit 14,
section B by the diaphragm mode low-pass filter 22,
section C 1is controlled by the bell mode low-pass
30 filter 23, and section D by the mechanical valve
filter unit 21. The filter units 14, 22, 23 and 21
have been optimized with the help of specialists in
different fields of the medical profession having
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auscultated a plurality of patients presenting various

pathologies. This collaboration enabled precise

definition of the specifications of the frequency

response of Figure 2.

It should be mentioned that the frequency
responses, in particular the frequency bandwidth of
the anti-tremor filter unit 14, the external noise
isolating filter unit 20 and the mechanical valve

10 filter unit 21 can be adjusted in function of the
specialty of the user, for example cardiology,
pneumology, measure of blood pressure, etc., in order
to minimize the noise of biological nature which do
not present interest for the specilialist. The

15 frequency response of Figure 2 corresponds to an
electronic stethoscope particularly well suited for

cardiology.

The noise of electronic nature has been
20 minimized by way of a judicious choice of electronic
components providing the overall circuit with a very

low level of background noise.

Although the present invention has been

25 described hereinabove by way of a preferred embodiment
thereof, this embodiment can be modified at will,
within the scope of the appended claims, without
departing from the spirit and nature of the invention.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. An electronic stethoscope comprising:

first means for sensing sounds of interest produced within a
patient's body and for converting said sounds to an electric signal,
wherein said first means is manipulated by a user's hand, said electric
signal includes low frequency noise generated by an involuntary trembling
motion of the user's hand upon manipulating the first means, and said
noise and sounds both have frequency components situated within a
common low frequency range;

a filter unit for attenuating said electric signal in the common
low frequency range, said filter unit comprising second means for filtering
from said electric signal a substantial part of the noise components in
lower frequencies of said range, and third means for passing a substantial
part of the sound components in higher frequencies of said range; and

fourth means for reproducing said sounds in response to the
electric signal from the filter unit to enable the user to hear and listen to
said sounds;

wherein:

said common low frequency range comprises the
frequencies lower than 75 Hz; ana

said filter unit produces an attenuation of about
40 dB at a frequency of 30 Hz and an attenuation of
about 3 dB at a frequency of 70 Hz, and comprises
serially interconnected first and second high-pass filters,
said first high-pass filter producing an attenuation of
about 3 dB at a frequency of 60 Hz and an overshoot of

about 3 dB at a frequency of 80 Hz, and said second
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high-pass filter producing an attenuation of about 3 dB

at a frequency of 80 Hz.

2. An electronic stethoscope comprising:
first means for sensing sounds of interest produced within a
patient's body and for converting said sounds of interest to an electric
signal;
second means for reproducing said sounds of interest in
response to said electric signal from the first means to enable a user to
hear and listen to said sounds of interest; and
third means for detecting an amplitude level of said electric
signal for momentarily and repeatedly interrupting operation of the second
means when the detected amplitude level of said electric signal is higher
than a predetermined amplitude level threshold to prevent said second
means from producing sounds of too high intensity susceptible to harm
the inner ear of the user;
wherein:
said third means comprises a pulse generator for
producing pulses, and an amplitude level detector for
activating said pulse generator when the amplitude
level of the electric signal is higher than said
predetermined amplitude level threshold; and
said second means comprises an electric signal
audio amplifier supplied with the pulses from said pulse
generator and switched on and off in response to said
pulses in order to reduce the level of the reproduced
sounds while giving to the user the impression that the

stethoscope operates.

3. An electronic stethoscope comprising:
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first means for sensing sounds of interest produced within a
patient's body and for converting said sounds of interest to an electric
signal;

second means for reproducing said sounds of interest In
response to said electric signal from the first means to enable a user to
hear and listen to said sounds of interest, said second means comprising
an audio amplifier for amplifying said electric signal and earphones for
reproducing the amplified electric signal from the audio amplifier; and

third means for detecting an amplitude level of the amplified
electric signal from the audio amplifier; and

fourth means for momentarily and repeatedly switching the
audio amplifier off when the detected amplitude level of said amplified
electric signal is higher than a predetermined amplitude level threshold
to prevent said earphones from producing sounds of too high intensity

susceptible to harm the inner ear of the user.

4. An electronic stethoscope as recited in claim 3, wherein:

said first means is manipulated by a user's hand, said electric
signal includes low frequency noise generated by an involuntary trembling
motion of the user's hand upon manipulating the first means, and said low
frequency noise and sounds of interest both have frequency components
situated within a common low frequency range,

said second means comprises a filter unit for attenuating said
electric signal in the common low frequency range, said filter unit
comprising fifth means for filtering from said electric signal a substantial
part of the noise components in lower frequencies of said range, and sixth
means for passing a substantial part of the sound components in higher

frequencies of said range.

5. An electronic stethoscope as recited in claim 3, wherein:
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said first means also senses external ambient sounds whereby
said electric signal includes noise generated by said external ambient
sounds, said noise and sounds of interest both have frequency
components situated within a common frequency range;

said second means comprises a filter unit for attenuating said
electric signal in the common frequency range, said filter unit having a
noise-attenuating frequency response for optimizing both attenuation of
said noise components and passing of said sound components, taking
into consideration the variation of sensitivity of the human ear in function

of frequency.

6. An electronic stethoscope as recited in claim 3, wherein:
said sounds of interest comprise sounds produced by a
mechanical heart valve having frequency components situated within a
given high frequency range; and
said second means comprises:
fourth filtering means interposed between said
first means and said audio amplifier for passing said
frequency components situated within the given high
frequency range from the first means to the audio
amplifier; and
fifth means responsive to detection of said
frequency components situated within the given high
frequency range for transmitting said frequency
components situated within the given high frequency
range from the fourth filtering means to the audio
amplifier for reproduction of the sounds of said

mechanical heart valve.

7. An electronic stethoscope comprising:
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first means for sensing sounds of interest produced within a
patient's body and for converting said sounds of interest to an electric
signal;

second means for reproducing said sounds of interest In
response to said electric signal from the first means to enable a user to

hear and listen to said sounds of interest; and

third means for detecting an amplitude level of said electric
signal for momentarily and repeatedly interrupting operation of the second
means when the detected amplitude level of Said electric signal is higher
than a predetermined amplitude level threshold, whereby said second
means are prevented from producing sounds of too high intensity

susceptible to harm the inner ear of the user.
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