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nois :

Application April 25, 1955, Serial No. 503,444
14 Claims. (ClL 128—2.05)

This invention relates to a diagnostic instrument com-
bining the functions of a stethoscope and sphygmoma-
nometer, and for convenience will be hereinafter referred
to as a “sphygmeter.” . :

As is well known, a stethoscope is an instrument for
auscultation and is widely used in medical work. ‘A
simple stethoscope consists of a small bell shaped member
connected by flexible tubing to one or two ear pieces and
adapted to transmit sounds generated at the bell. The
technique of using a stethoscope varies among individual
doctors and in some measure depends upon the pressure
of the bell upon the skin. _

A sphygmomanometer is used for the measurement of
blood pressure and the common form thereof includes a
flexible air-tight bag with means for obtaining suitable
air pressure within the bag and having pressure-indicating
means, such as a pressure gauge. Such an instrument is
relatively heavy and large in comparison to a conven-
tional stethoscope and in addition has several disadvan-
tages. Thus the cuff or bag of the common sphygmoma-
nometer directly contacts a large area of skin and should
therefore be sterilized after each use. This is not done
in actual practice. In addition, the common type of
sphygmomanometer can be used to mieasure blood pres-
sure and pulse pressure only at certain parts of the body,
such as for example at the arms or legs.

An instrument embodying the present invention has the
advantages of a stethoscope and none of the disadvan-
tages of a sphygmomanometer while combining the func-
tions of both the stethoscope and sphygmomanometer.
An instrument embodying the present invention makes it
possible to function either as a stethoscope oOF sphygmo-
manometer in a manner superior to the functioning of
conventional stethoscopes and sphygmomanometers.

The new instrument, designated as a sphygmeter, gen-
erally comptises a stethoscope having means for applying
a predetermined pressure to a skin area.

For a complete understanding of the invention, refer-
ence will now be made to the drawings wherein exemplary
embodiments illustrative of the invention are shown. If
is understood, however, that variations and modifications
of the constructions ilfustrated may be made without de-
parting from the scope of the invention except as defined
by the appended claims. i

Referring therefore to the drawings, Figure 1 shows a
sphygmeter embodying the present invéntion;

Fig. 2 is an enlarged sectional view of the skin-contact-
ing portion of the sphygmeter illustrated in Fig. 1;

Fig. 3 is an enlarged sectional view of the skin-contact-
.ing portion of a modified form of sphygmeter;

Fig. 4 is a sectional detail of the skin-contacting porfion
of a still further modified form of sphygmeter;

Fig. 5 is a sectional elevation of the skin-contacting por-
tion of an additional modified form of sphygmeter;

Fig. 6 is a section on line 6—6 of Fig. 5, and

Fig. 7 is a sectional elevation of a still further modified
form of skin-contacting portion of a sphygmeter.

Refeiring first to Figs. 1 and 2, the sphygmeter com-
prises skif-contacting and sound pick-up portion gen-
erally indicated by 10 connected to tubular member 1L
Tubular member 11 is connéected fo a rigid Y 14, each
branch of which is connected by flexible tubbet tubes 15
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3 engages apertured portion

2

and 16 to beit rigid tubular members 18 and 19. Tubular
members 18 and 19 terminate in ear pieces 20 and 21.
Tubular members 18 and 19 are adapted to be spring-
pressed to the position illustrated in Fig. 1 by curved
spring 32 attached to tubular members 18 and 19. With
the -exception of skin-contacting portion 10, the structure
described is conventional and may assume 2 variety of
forms.

Referring now to Fig. 2, skin-contacting portion 10 is
shown in enlarged form. Skin-contacting portion 10 has
bell 25 having hemispherical cavity 26 communicating with
axial bore 27. Bell 25 may bé of any suitable material,
such as plastic or hard rubber, and is preferably of rigid
material. Bell 25 has threaded portion 28 and sleeve
portion 29 extending axially thereof, bore 27 being in part
formed in the body of bell 25 and in threaded portion
28 and sleeve 29. - - : :

Engaging threaded portion 28 of the bell is end 30 of
plunger sleeve 31. End 30 of the plunger sleeve is threaded
so that the sleeve and bell may be tightly joined. Plunger
sleeve 31 has end portion 32 enlarged to form a shoulder,
the outer surface of the shoulder thus formed being pro-
vided with a series of annular slots 33 for accommodating
packing rings.

Shouldered end 32 of the plunger sleeve works within
cylinder 35 cartied by fitting 36. Fitting 36 and cylinder
25 may be of one piece ot cylinder 35 may be of metal
having a smooth inside surface while fitting 36 may be of
molded material, Cylinder 35 has outer edge 37’ in-
wardly turned to provide a locking lip so that enlarged
shoulder 32 of the sliding plunger will be locked within
the cylinder chamber. )

Fitting 36 has nipple 37 disposed within the top end
thereof. Nipple 37 is tightly pressed into the fitting and
ortion 38 of cylinder 35 to make an
airtight fit which will withstand pressure. Nipple 37 has
portion 40 over which the rubber tube 11 may be dis-
posed. .

Nipple 37 has axial bore 42 into which is snugly fitted
tube 43. Tube 43 is of rigid material and may, for ex-
ample, be of brass; copper or any other suitable material.

Tube 43 in effect forms an extension for nipple 37, tube
43 extending through fitting 36. Tube 43 has its outer
surface finished smoothly and works inside of sleeve 29 of
the bell. The fit between the tube 43 and sleeve 29 should
be air-tight. If desired, oné or two annular grooves in
the outer surface of tube 43 or the inside surface of sleeve
29 or both may be provided for some small O-rings for
the purpose of insuring an air-tight seal while permitting
the two parts to slide relative to each other. -

Fitting 36 carries pressure gauge 48 of any suitable type,
the gauge having air inlet 49 disposed it a recess within
the ftting. Air inlet 49 is connected to the interior of
cylinder 35 by 2 channel so that gauge 48 may indicate the
air pressure existing within cylinder 35.

Fitting 36 is tecessed to accommodate pall type check
valve 58. The check valve communicates with the in-
terior of ¢ylinder 35 by ¢hannel 51. Normally the spring
pressed ball keeps the valve closed against any préssure
build-up within the cylinder 35. However, in order 10
permit the air within cylinder 35 to be equalized with
atmosphere for gauge calibration, the check valve may
be opened by pressing a wire from the outside against
the ball bearing.

To use the device illustrated in Figs. 1 and 2, fitting
36 may be grasped by the hand and positioned so that bell
2§ rests upon the skin of a patient. Fitting 36 is then
pressed down toward bell 25 to force the bell against
the skin, the telescoping arrangement serving to increase
the air pressure within cylinder 35. The air pressure
will be indicated by the needle of gauge 48 while at the
same time sounds present within chamber 26 of the bell
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will be transmitted to the ear pieces. Thus auscultation is
possible while impressing bell 25 upon the blood vessels
or skin at a predetermined pressure.

Referring to Fig. 3, a modified form of the apparatus
is shown wherein expansible bellows rather than sliding
sleeves are utilized. Bell 25’ has threaded portion 28’
and flanged end 55, Inner expansible bellows 56 has
one end 57 spun or coiled around flange 55 to form an
air-tight seal. Expansible bellows 56 may be of spring
brass or copper or may even be of molded flexible rubber
or plastic. Expansible bellows 56 has end 59 provided
with reduced nipple 69,

Threaded over portion 28’ of the bell is end portion
60 of outer expansible bellows 61. Bellows 61 is prefer-
ably of spring copper or brass and is rigidly attached
to fitting 36’. The inside of fitting 36’ may be con-
veniently formed of bellows extension 62 having coupling
fitting 63 at the end thereof, Coupling fitting 63 is aper-
tured to accommodate nipple portion 60 of the inner
bellows to provide an air-tight seal. Coupling fittifg 63
is adapted to have rubber tube 11’ slipped over the same.

Fitting 36’ carries gauge 48’, this gauge and the mount-
ing thereof being generally similar to the construction
illustrated in Fig. 2. Thus gauge 48’ has air inlet aper-
49" connected to the interior of outer bellows 61
through a restricted channel passing through the wall of
;itting 36’ and the wall of extension 62 of the outer bel-
ows,

In assembling the construction illustrated in Fig. 3,
inner bellows 5§ may be attached to bell 25 prior to
the insertion of the bellows within outer bellows 61.
Thereafter outer bellows 61 may be attached to bell 25’
by turning the entire fitting 36" and outer bellows with
respect to the bell. During the attachment of the outer
bellows to bell 25’, inner bellows 56 is retracted so that
nipple 6¢ does not extend into the aperture in coupling
fitting 63. When the two bellows are properly positioned
with respect to bell 25, a tool may be inserted from the
bell end of the device up channel 27’ in the bell and in-
side the inner bellows to engage the annular shoulder
formed between extension 59 and nipple 60. Nipple 69
may then be forced into the channel in coupling fitting 63,

It will thus be clear that the contraction of outer bel-
lows 61 will result in increased air pressure being de-
veloped within the bellows, which increased air pressure
will be indicated by gauge 48’. In order to eliminate any
inaccuracy due to the spring in the two bellows, inner
bellows 56 which has finer convolutions may be nor-
mally in a tensioned condition so that in the position
illustrated in Fig. 3, inner bellows 56 has a tendency to
contract. At the same time, outer bellows 61 may be
contracted somewhat from a normal untensioned con-
dition. Thus it is possible to rely upon the natural spring
of inner bellows 56 to increase its length somewhat to
overcome the resistance of outer bellows 61 to contract
due to the spring of the metal.  When fitting 3¢’ is
grasped by the hand and the bell is pressed upon the
skin of the patient, the force of the bell upon the skin
will be indicated by the pressure gauge and the reading
thereof will be the true force exerted upon the bell by vir-
tue of the air compressed within outer bellows 61.

The construction illustrated in Fig. 3 is provided with
check valve 50’ similar to the construction shown in
Fig. 2.

Instead of having outer bellows 61 as illustrated -in
Fig. 3, a sliding sieeve arrangement as illustrated in Fig. 2
may be used. In such case, inner bellows 56 will take
the place of the telescoping tube arrangement 29 and 43
of Fig. 2.

It is also possible to dispense with inner bellows 56
in the modification illustrated in Fig. 3 and instead use
a pair of telesceping sleeves as illustrated in Fig. 2.

In the two modifications heretofore described, the
pressure of the bell upon the skin has been due to com-
pressed air within a sealed chamber, the pressure of the
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air being indicated by a gauge. It is possible to provide
a modification wherein the pressure of the bell upon
the skin is due to a compressive force upon a spring and
the amount of pressure will be indicated by the displace-
ment of the spring from normal position. Referring to
Fig. 4, bell 65 has barrel §6 threaded over the same.
Barrel 66 has a number of graduations -as indicated in
the drawing. Barrel 66 operates in cylinder 67 of fitting
68. The shouldered arrangement illustrated in Fig, 2
may be used in Fig. 4 to maintain barrel 66 within 67
at the extreme retracted position of the barrel. Within
cylinder 67 is coil spring 79 extending between top wall
71 of fitting 68 and the threaded end of bell 65. Coil
spring 70 tends to bias barrel 66 downwardly as illus-
trated in Fig. 4. By holding fitting 68 and pressing bell
65 against the skin, compression of spring 70 will result
in the barrel being moved upwardly into the fitting. The
compression of the spring will be indicated by the gradua-
tions on the barrel, such graduations being suitably cali-
brated so that readings may be duplicated or may be
referred to some standard air pressure.

The barrel and fitting may be made of metal or some
rigid plastic. It is not necessary, and in fact undesirable,
that an air-tight seal be established between the barrel
and the fitting. As illustrated in Fig. 4, bell 65 has the
usual axial channel providing an air path into the in-
terior of bell 66 and fitting 67. Wall 71 of fitting .67 is
suitably apertured to provide a through air path to the
ear pieces of the device, ’ »

Referring now to Figs. 5 and 6, a further modification
is illustrated wherein the air path for auscultation is dis-
tinct from the pressure-generating part of the device. In
this modification, bell 75 has body 76 containing cylinder
77 in which piston 78 is adapted to operate. In order
to prevent withdrawal of the piston from the cylinder,
body 76 may have lip 80. In practice, this lip may be
formed by a metal liner for body 76 with the edge of
the metal spun over if the piston is disposed in position.
However, other means such as a separate cover for con-
taining the lip may be applied to body 76 after the piston
is inserted.

Piston 78 is supported from handle portion 82 con-
taining air pressure gauge 83 connected to the air cham-
ber within cylinder 77 through bore 84. Suitable packing
for the piston may be provided to provide a tight air
seal. An air check valve 85 is connected to bore 84 for.
equalization purposes.

Body 76 has channel 86 extending through the same,
channel 86 having mouth 87 at the bell chamber, Body
76 has nipple extensions 88 for channel 86 and over nip-
ple extension 88 rubber tube 89 may be drawn. The re-
mainder of the instrument including the metal Y and
the ear pieces will follow along the lines illustrated in
Fig. 1. i .

It is also possible to have a sphygmeter construction
wherein the entire area of skin underneath the bell is
subjected to a desired air pressure, a sound path being

- provided from the bell chamber to the ear pieces. Thus

60

75

referring to Fig. 7, bell 90 has stem 91 provided with
axial channel 92 extending into bell chamber 93,

Branching from stem 91 is part 94 having bore 95 in_
communication with axial channel 92. Attached to part
94 by a slip fit or other means is rubber bulb 96 having
air intake and exhaust valves 97 and 98. Rubber bulb
96 may be squeezed and exhaust valve 98 will permit,
compressed air from bulb 96 to pass into the tube and
into the valve chamber.

The air pressure region is sealed by flexible diaphragm
100 maintained in position by part 101 engaging the
threaded end of 91 to clamp the diaphragm in position.
Diaphragm 190 may be of thin steel or spring brass
or phosphor-bronze or other resilient material strong
enough to withstand the desired pressure upon the skin
while responding to the sound vibrations generated within
the bell chamber, Nipple 102 of part 101 may be en-
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gaged by rubber tube 103, the rubber tube going to the
Y connection as above.

1t is also possible to modify Fig. 2, for example, by
providing 2 diaphragm to seal the bottom end of the nip-
ple 37. Thereafter, the telescoping sleeve arrangement
may be dispensed with and the increased pressure within
the cylinder will be communicated to the bell chamber.

Similarly, the modification illustrated in Fig. 3 may
be changed by providing a diaphragm to seal nipple 60
and dispensing with the inner bellows arrangement com-
pletely. In such cases, it will be necessary to design the
pressure-generating means so that sufficient pressure may
be generated within the bell, this being accomplished by
proper design of the piston stroke and piston displace-
ment.

By virtue of the inventicn, auscultation technique may
be greatly improved. The variations in pressure of a bell
or diaphragm of a stethoscope on the chest or other body
parts may markediy affect the intensity and quality of
tones heard. The new sphygmeter makes it possible for
auscultation to occur under known pressure conditions.
Thus intensity and quality of sounds remain as the only
parameters to be qualitatively assessed.

What is claimed is:

1. A sphygmeter comprising a bell for engaging a small
skin area, means for exerting a measured pressure of the
bell upon the skin engaged by the bell, and means for
providing an acoustic path from the bell interior to the
ears of an observer for auscultation.

2. A sphygmeter comprising a bell for engaging a small
skin area, means including 2 piston and cylinder for creat-
ing a measured pressure of the bell upon the skin, and
means for providing a direct air path from the bell interior
to the ears of an operator.

3. A sphygmeter comprising a bell for engaging a small

skin area, a handle portion for the bell, said handle por-
tion including a sealed air chamber whose volume may be
expanded or contracted to adjust the air pressure therein,
means for indicating the air pressure so that said bell
presses upon the skin with predetermined force, and
means for providing an acoustic path from the bell in-
terior to the ears of an operator.

4, A sphygmeter comprising a member having a bell
body for engaging a small skin area, a handle portion for
holding said bell body against the skin, said handle por-
tion being relatively movable to said bell body, piston and
cylinder means disposed between said handle portion and
bell body so that said bell may be pressed upon the skin
with desired force, means for indicating the pressure in-
side said cylinder and means for providing an acoustic
path from the bell interior to the ear of an operator.

5. A sphygmeter comprising a bell for engaging a small
skin area, a handle portion for said bell, relatively mov-
able cylinder and piston means between said handle por-
tion and bell so that said bell may be pressed down upon
the skin through the operation of said piston and cylinder
means, said cylinder being sealed, an air pressure gauge
connected to the interior of said cylinder to indicate the
pressure within said cylinder, a conduit extending from
the interior of said bell through the piston and cylinder
means and the handle and means for conducting sounds
through said conduit to the ear of an operator.

6. A sphygmeter comprising a bell for engaging a small
skin area, said bell including a body portion having an
air passage from the bell interior to the exterior thereof,
pressure-generating means connected to said passage for
generating an air pressure within said bell interior, a dia-
phragm forming one of the walls of said air passage for
confining the air under pressure while transmitting vibra-
tions, and means for providing a direct acoustic path from
said diaphragm to the ear-of an operator whereby said
bell may be held in position on the skin with a predeter-
mined air pressure impressed on the skin while providing
for auscultation.
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7. A sphygmeter comprising a bell having a body por-
tion, means in said body portion for creating 2 measured
air pressure within said bell, a diaphragm forming part
of the air enclosure for the region within which air is
compressed, and means for providing a direct air path
between the diaphragm and the ear of an operator.

8. A sphygmeter comprising a bell having an axial
channel therethrough, a pair of concentric sleeves coaxial
with said channel extending from said bell, a member hav-
ing a pair of coaxial sleeve surfaces for cooperating with
the bell sleeve surfaces, the inner sleeve on said member
and inner sleeve on said bell providing a sliding conduit
for sounds from the bell interior through said member, the
outer sleeve of said member and outer sleeve of said bell
cooperating to provide a sealed air chamber whose volume
may be varied to control the air pressure within said
chamber, a pressure gauge carried by said member and
having a part communicating with the interior of said
air chamber for indicating air pressure and means for
conveying the sound in said inner sliding sleeve arrange-
ment to the ears of an operator.

9. A sphygmeter comprising a bell having an axial chan-
nel therethrough, a pair of expansible bellows attached to
said bell, said two bellows being concentric, the inner
bellows providing an extemsion for said axial channel,
means coupled to said outer betlows for providing a sealed
air chamber around said inner bellows, pressure gauge
means for indicating the pressure in the sealed air space
and means for conducting the sound transmitted through
said inner bellows to the ears of an operator.

10. The sphygmeter according to claim 9 wherein said
two bellows are oppositely tensioned so that the tendency
of one to contract is substantially neutralized by the tend-
ency of the other one to expand.

11. A sphygmeter comprising a bell having an axial
channel therethrough, a pair of tclescoping sleeve mem-
bers carried by said bell, the interior of said telescoping
sleeve members communicating with said axial channel, a
spring in said telescoping sleeve members, means for in-
dicating the compression of said spring due to telescoping
one member into said other member and means for con-
ducting the sound from said telescoping members to the
ears of an operator.

12. A sphygmeter comprising 2 member having a con-
cave region forming a bell, a channel extending from the
bell region through said member for conveying sound,
means for transmitting the sound from said channel to
the ear of an operator, a second member, said two mem-
bers having cooperating portions providing a cylinder and
piston arrangement, a pressure gauge carried by said
second member, said second member having a channel
extending from said pressure gauge into the cylinder of
said cylinder and piston arrangement so that said pres-
§u(1ie gauge may measure the air pressure within said cyl-
inder.

13. The construction according to claim 12 wherein a
check valve is provided, said check valve communicating
with the interior of said cylinder whereby the air within
said cylinder may be equalized with atmosphere.

14. A sphygmeter comprising a member having a bell-
shaped region and an axial channel, a pressure gauge car-
ried by said member and communicating with said axial
channel, an air pump connected to said axial channel for
providing air under pressure thereto, said air pump includ-
ing a check valve and said axial channel including a di-
aphragm for maintaining the air pressure within said axial
channel and bell at a desired value and means cooperating
with said diaphragm for communicating sound to the ear
of an operator.
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