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ABSTRACT: An elastic garment, tailored to tightly fit a
selected part of a body, supports a plurality of electrodes of
the type used in vectorcardiography. The electrodes are flexi-
ble, each including an elastic layer of conductive cloth which
is applied against a selected portion of the body when the gar-
ment is worn. The conductive layer of each electrode 1s elec-
trically connected by a separate conductive wire to an output
connector of the type connectable to a mating connector of a
recording device. The electrodes are held in electrical contact
with the body by the skintight garment, even when the wearer
is physically active.
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1
BIOMEDICAL ELECTRODE ARRANGEMENT.

ORIGIN OF THE INVENTION

The invention described herein was made by an employee
of the United States Government and may be manufactured
and used by or for the Government for Governmental pur-
poses without the payment of any royalties thereon or
therefor.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to electromedical devices
utilizing biomedical electrodes and, more particularly, to an
arrangement for applying to a body electrodes of the type used
in vectorcardiology.

2. Description of the Prior Art

Although the use of vectorcardiogram data in medical diag-
nosis and research has greatly increased in recent years, the
method of obiaining the desired data did not change. Basi-
cally, such data is obtained by positioning electrodes on
selected portions of the skin of a patient who must lie still in
order not to adversely affect the electrical conductivity
between the body and the electrodes or not to produce un-
rlesired noise si 3

The primary disadvantage of such a method is the fact that
the patient is physically inactive while the data is being ob-
tained. Conseguently, this method cannot be used to obtain
data while a patient is mobile and particularly while perform-
ing strenuous exercises which are prescribed for medical diag-
noSis PUTPOsES.

Another disadvantage of applying electrodes 10 a patient’s
body by the prior art msthod is the relatively low signal-to-
noise ratio of the vectorcardiogram data which is obtained by
such a method, requiring its interpretation by experienced
personnel. Also, since presently employed electrodes are quite
small and their contact with the patient’s body is critically de-
pendent on the accurate positioning on and contact with the
patienit’s body, only trained and experienced laboratory
techuicians are generally employed to gather the necessary
vectorcardiograr data.

TS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to pro-
vide an arrangement for obtaining vectorcardiogram data
which is not limited by the disadvantages of the prior art.

Another object of this invention is to provide a novel ar-
rangement for applying electrodes to a patient’s body so that
data may be gathered while the patient is physically active.

A further object of the invention is the provision of 3 device
which is user-oriented whereby slecirodes can be accurately
secured in proper electrical contact with a patient’s body by a
technician with 8 minirnum of training and experience.

Still a further object of this invention is to provide an ar-
rangement whereby electrodes are conveniently secured to be
in electrical conductivity with selected portions of a patient’s
body, providing signals with a high signal-to-noise ratio which
can be automatically processed to provide meaningful medical
information.

These and other objects of the invention are achieved by
providing an elastic garment, tailored to tightly fit a selected
naked portion of a human torso, for example. The garment is
made of a material which is electrically nonconductive and
which generally does not cause skin irritation when in contact
with the skin for long periods. Specially designed electrodes,
which include an electrically conductive cloth, are fastened to
the inside of the garment at selected locations, so that when a
patient wears the garment, the electrically conductive cloth of
the various electrodes are applied against selected portions of
the body. Due to the elastic qualities of the garment material,
the electrodes are securely held in position and in good elec-
trical contact with the patient’s skin, without the need for the
usually applied conductive jelly or paste.
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Each electrode is connected to a very flexible wire by a spe-
cial riveting arrangement, designed to insure proper and
uniform contact between the electrically conductive cloth and
the wire, with a minimum of potential loss therebetween. Each
wire terminates at a multipin miniature connector fastened to
the garment at the front thereof. The wires are routed in the
garment from the electrodes to the connector in a manner so
that even when the patient performs the most strenuous exer-
cises, the wires are subjected to a minimum of strain. The con-
nector is of the type which may be connected to a mating part,
extending from a standard vectorcardiogram recording
device.

Generally, by simply donning the garment without prepar-
ing the skin with paste or jelly, the electrodes are in proper
positions and in sufficient contact with the skin. Since the
electrodes are secured between the body and the skintight gar-
ment, a patient may perform various physical exercises with
little danger of loss of electrical contact between the body and
any of the electrodes or changes in the positions of the elec-
trodes. After donning the garment, the connector is coupled
to a recording device, and signals induced in the elecirodes
are supplied thereto to produce the desired graph.

The specially designed electrodes are relatively large,
resulting in signals with a high signal-to-noise ratio. Such
signals produce a graph which can be interpreted by people
with much less experience than has been required heretofore.
In addition. due to the high signal-to-noise ratio resulting by
using this invention, the signals may be automatically
processed.

The novel features that are considered characteristic of this
invention are set forth with particularly in the appended
claims.

The invention will best be understood from the following
description when read in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view of the interior of a garment of one embodi-
ment of the invention;

FIG. 2 illustrates the convention of vectorcardiography axes
with respect to a human body;

FIGS. 3 and 4 illustrate front and back views respectively, of
the garment shown in FIG. 1 as worn by a user;

FIG. 5 is a cross-sectional view of one embodiment of a flex-

-ible electrode constructed in accordance with the teachings of

the present invention;
FIG. ¢ is a side view of electrical coupling arrangement in-
corporated in the electrodes of the present invention; and
FIGS. 7 and 8 illustrate front and back views respectively, of
another embodiment of the invention as worn by a user.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, there is shown 2 view of the interior of
one embodiment of the invention, which includes a vest 10.
The vest is made of an elastic electrically nonconductive
material. In FIG. 1, lines 11 and 12 represent seams which, in
practice, are joined to define arm openings 13 and 14, Open
ends 16 and 17 of the vest may be fastened together by a
zipper 18.

Vests of different sizes may be required to fit differently
sized patients. The only requirement is that the vest be sub-
stantially skintight when worn for obtaining the signals
required for making a vectorcardiogram.

A plurality of specially designed electrodes are secured to
the vest inner surface. These electrodes are generally
designated in FIG. 1 by the numeral 20, which is associated
with specific designations which are related to conventional
axes of vectorcardiography with respect to the chest of a
human body. These axes are diagrammed in FIG. 2 to which
reference is made herein. They are designated by double-
headed arrows X, Y and Z which intersect at the center of the
chest.
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Front and back views of the vest 10 as worn by a patient are
illustrated in FIGS. 3 and 4, respectively. There, the shaded
areas represent the electrodes which are secured in their
respective positions between the patient’s skin and the skin-
tight vest.

In the specific embodiment diagrammed in FIGS. 1, 3, and
4, the X-RIGHT electrode covers the right side of the upper
part of the body from about the center of the chest and around
the right side to the center of the back, while electrode X-
LEFT covers only the body portion under the left arm. Elec-
trodes Z-FRONT and Z-REAR cover the left side of the chest
and back, respectively, while electrode Y-LOW covers the
front right side of the waistline. Two GROUND electrodes
cover the front parts of the body just below the shoulders,
while two Y-HIGH electrodes which are not supported by the
vest but are connected thereto, are used to cover the upper
arms above the arm biceps. The Y-HIGH electrodes, unlike
the other electrodes, may be fastened in position by any con-
venient electrically nonconductive material after the vest is
donned by a patient.

As may be seen from FIGS. 1, 3, and 4, each electrode is
connected to a common connector 21 (FIG. 3) by a separate
flexible wire or lead 22. The connector which, as seen in FIG.
3, is fastened to the front of the vest 18 near the neck opening,
is preferably a miniature multipin connector. It is of the type
which couples 10 a mating connector 21X (FIG. 3) to which
leads from s recording device are permanently elecirically
connected. In FIG. 3, the recording device is generally
designated as a utilization unit. Thus, after donning the vest
and fastening electrodes Y-HIGH to the arms, by coupling the
two mating connectors, the electrodes are electrically con-
nected to the recording device.

The wires 22 are preferably of very flexible stranded copper
coated with soft electrically insulating plastic material. Even
though the wires are very flexible, it is desirable to route them
to the connector 21 in such 2 manner that minimum strain is
placed on any given wire even when the patient performs most
strenuous exercises. The wi..res 22 may be routed along the
inner surface of the vest or along the exterior thereof. The
only basic routing requiremem is that a wire from one elec-
trode mot be routed between the body and the conductive
layer of ancther electrede in order not to interfere with the
conductive path ¢

Unlike prior art electrodes wmd& are small and rigid, the
electrodes included in the present invention are ref’&mwﬂ
large, capable of providing large signals which account for the
high signal-to-noise ratio, realizable with the present inven-
tion. Each electrode, despite its relatively large size, is capable
of conforming to the portion of the body with which it is to be
in contact by virtue of its flexibility which is achieved by con-
structing the electrode with flexible or elastic material.

This aspect of the invention may best be gxplained in con-
junction with FIG. § which is a partial cross-sectional view of
one of the electrades, characteristic of all others. Basically,
each electrode 20 includes a layer of flexible conductive
material 23 which adheres to a layer of elastic material 24.
Material 24 is in turn backed by a layer of soft conformal
matter, such as foam rubber 26. It is the conductive layer 23
which comes in contact with the patient’s body. And since the
layer 23 and materials 24 and 26 are soft and flexible, the con-
ductive layer easily conforms to the patient’s body as the elec-
trode is pressed against it by the skintight vest 18.

If desired. the foam rubber layer 26 may be attached o a
firm support of semirigid material 28 which has been generally
shaped to match the particular area of the body to which the
particular electrode is to conform. In 2 preferred embodiment
of the electrode, the conductive material 23 is silvered nylon
cloth which, when pressed against the body, requires no addi-
tional preparation for use as a conductive surface. It may be
placed in intimate contact with the body for prolonged periods
with little or no discomfort or irritation: The semirigid materi-
al 28 may be polyethylene or any other similar matter which
can be shaped to match a particular area of the body. A cover
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material 29, such as white cotton, may serve as a cover for the
opposite side of the semirigid material 28 as well as be sewn to
the ends of the conductive layer 23.

To insure proper electrical coupling between the condug-
tive layer 23 and the wire 22, as well as minimize any potential
differences therebeiween, each wire is preferably attached to
its respective electrode by an arrangement which may best be
described in conjunction with FIG. 6, to which reference is
made herzin. Briefly, the arrangement includes a metallic ri
30 to which the conductive layer 23 is securely mm"
between conductive washers 32, forming part of ¢
wire 22 of each respective electrode is conducuvely con-
nected to the rivet such as by soldering. When the conductive
layer 23 includes threads of a nonoxidizable metal, such as
silver as the conductive elements, it is preferable to fabricate
the rivet 30 and washers 32 of the same metal to avoid the use
of dissimilar metals in proximity with the patient’s skin.

In use, the patient or subject simply dons the vest 10 without
preparing his skin in any special way. After closing the vest
with zipper 18 (FIG. 1), the electrodes are checked for proper
seating against the body. To facilitate the proper positioning
of the emc‘:mdes, it may be desnrabne e f’\s'm zhe eb‘ctmdﬂs

aliows the elecirodes to be mpa}siiiemd £
obtain best contact with the skin which
signal output. Thereafier, connector 21 w
signal output terminal of the vest may be attached o “ny staz*;~
dard electrocardiogram recording device. For the particular
electrode arrangement shown in H 8. 1, 3, and 4, the con-
nector may be coupled 1o a device having three channels of
differential inputs. The vest may also be connected, through a
differential amplifier, to any standard oscilloscope or to a mul-
tichanne] electrocardiographic oscilloscope.

When in use, the vest does not require any special attention.
It may be work for extended periods of time without special
care. It should be noted that although the vest can be used
even during exireme exercise testing without preparing the pa-
tient's skin with jelly or paste to provide with a high
signal-to-noise ratio, under extreme conditions of violent mo-
tion, some dampening of the conductive cloth 23 of the elec-
trodes may be desirable. This may be accomplished by d
pening the electrodes prior to donning the vest rather than
apply it over large parts of the patient’s skin.

In some applications in which the patient may be required
to perform highly active exercises, it may be desirable to
replace the large area electrodes 20 with electrodes which
consist of flexible tubings. In such an arrangement, each elec-
trode may include a plurality of small highly flexible tubings.
The tubings have a conductive coating which is in contact with
the patient’s skin when the vest is used. The tubings which can
be subjected to considerable stretching without tearing are
conductively interconnected so that the electrode remains in
contact with the body even under extreme bending motion.

Until now this invention has been described in conmnection
with a skintight type vest, referred to as being used by a pa-
tient. it should, however, be appreciated that the teachings are
similarly applicable to other types of outer garments which,
when donned, are tight against the wearer’s skin and that such
garments may be worn by any user whose vectorcardiogram is
to be recorded.

Reference is now made to FIGS. 7 and 8 which are front and
back views, respectively, of a garment 50 as worn by a user.
The garment 50 actually consists of a chest belt 81, designed
to provide one chamnel of electrocardiogram data with a
minimum of instrumentation. Belt 51 is securely held in place
about the user’s chest by a plurality of straps 52. The belt and
straps are preferably made of an elastic material such as cot-
ton twill tape which may be in contact with the body for pro-
longed periods without causing skin irritation. Skintight fit of
the belt is provided by the flexibility of the belt and a fastener
54 which is preferably located at the front of the belt.
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To accommodate a range of user sizes, the belt may incor-
porate a strip 58 of elastic tape which, in addition to maintain-
ing the belt tightly against the chest, also permits ease of
movement and no restriction on breathing. Belt 31 supports a
plurality of tubelike electrodes 56 which, um} ke the electrodes
'2@ previously described, Ponsisa of only a conductive layer

oth and a foam rubber backing both of which
nzwt%v sewn to belt 51, The ﬁl tro es 56 may be i
nected to obtain a large area response

The interconnected electrodes are in turn connected by 2

é connector 50 (FIG. 7) which i sir
ribed. A reference or g

&

herebefore desc

conpector 21,

electrode 62 is sewn to one of the straps 82 so that wher; the
garment 50 is worn, electrode 62 is in contact with the front

pommx of L’hﬂ b

about and below one of the shoulders, for
10 %’M ﬁii»““rude &2 i3 sim ]
hat whes
162 are received

znd
recording devi

&)

e,

] ”i consiruction of garment 50
nany different sizes to accommodate dif-
lts zlghY weight and simplicity allows it to

S\,.f md it can be worn cuf*?mu usly

Der-

odes ive

w

16 rece

in

i in claim 1 wherein the con-
duc of cach {;p- de Pempus 3 a flexible electri-
wiw c@nd ive layer of ¢l oii; and each electrode further in-
ciwu an szaam-“ "amﬁort layer for supporting the conductive

garment wrr a sclemcd ;ocamm ’(hem at,

ch uonwrm 0 ihc smﬂ, e of afd be \dy when Ehe garmﬁm

1 with the conductive layer of cloth in electrical contact

: *h bod

’ ted in claim 2 wherein said out-
erminal connector connected at a

TEse n on the exterior of sald garment, and

separate msuéawd ewomw%“v comucnve wm‘e clectr icai‘:ty

at the omer end 10 one of the terminals of

c

layer of cloth a
said connecior

4. The arran ;8m°n’f
ment comprise
locations about the

as recited in claim 3 wherein said gasr-

supporting said electrodes at selected
interior thereof, said vest defining aneck
the tightening means being adapted 1o
said vest about the upper part of the user’s body,
s neck and

a

atly close
th said openings adapted to receive the user
arms.
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5. An arrangement for applying electr
derive signals therefrom, cemgnsmg:
a garment of elastic, electrically norconductive material in-
cluding tightening means for tightening the garment
inst said body:

OOes

to a body to

a plurality of electrodes supported about the interior sur-
““c of saéd garment, eac ch electrode incluéing an exposed

1o difs

exibie ele nductive layer in contact wit

i rcvzrr par ody;
oulput mean d 1o said electrodes to receive

therefrom,

electrically conductive ‘AyC’f of cu)%h and each e

urther includes an elastic support layer for smpportiﬂc
j mdumwe layer of cloth 1o said gar tat a selected
Ttd‘" wherak } said (,‘m*{\m,

lxﬁ

of the ’./ody;
said o erminal connector con-
necte cied iocation on the exierior of said
arment, and a separate msui:ﬁtgd ¢
wm, clectrically ao.ip ed at ¢
trically conducti
one of the termi

put means incly

esele

ai a preseic

£

id vest include a first elec-
1 f‘rom abr

trode 1 v sut the center of
the mesﬁ md around t} side of said body to about
the center of the back,

a second electrode in contact with the body under the left

a the left portion of the
chest,

a fourth elecirode in contact with the left side of the back;
and.

at Ims? one ground elec h the front part

as recited in claim § wherein the vest
supperts a fifth electrode in contact with the right side

£ ront waistline and a second ground electrode in contact
with the front part of the body below the other shoulder, said
arrangement further incl Ldmg a pair of arm electrodes, each

cing in electrical contact with a selected part
arms to provide signals therefrom to said

mcaﬁy conda,cmve myer of cloth mciudes strands of a nonox-
idizable metal and each electrode further includes metallic
means fabricated of said nonoxidizable metal for electrically
connecting the conductive layer of cloth of each electrode to
the wire of said electrode.

8. The arrangement as recited in claim 7 wherein each elec-
trode further includes a layer of semirigid material for sup-
porting the elastic support layer and the electrically conduc-
tive layer of cloth, the layer of semirigid material of each ¢lec-
trode being shaped to conform generally to the shape of the
part of the body with which its respective electrode is to come
ctrical contact.

9. The arrangement as recited in claim 7 wherein said
nonoxidizable mestal is silver.

10. The arrangement as recited in claim 9 wherein each

lectrode further includes 2 layer of semirigid material for
supporting the elastic support layer and the electrically con-
ductive layer of cloth, the layer of semirigid material of each
electrode being shaped to conform generally to the shape of
the part of the bocy with which its respective electrode is to
come in electrical contact.
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11. Apparatus for deriving electrical signals from a body

comprising'

a plurality of flexible conductive electrodes each of which is
shaped to conform substantially to a different region of a
body;

elastic means for simultaneously holding said plurality of
electrodes in contact with the different regions of said
body:

means for utilizing the signals from said body cbtained by
said plurality of electrodes; and

connector means for connecting said plurality of electrodes
to said means for utilizing said signals.

12. The apparatus as recited in claim 11 wherein said means

for simultaneously holding comprise a garment including:
means for sﬁghtenmg said garment about a selected part of
said body; and

means for supporting said electrodes to the interior of said
garment, whereby said electrodes are held in contact with

said body when said garment is ‘;z;,mm ed about said body.

13, The apparatus as recited in claim ?12 wherein each elec-

trode includes a flexible layer of electrically conductive cloth
held against said body in electrical ﬂmtact therewith.

14. The apparatus as recited in claim 13 wherein said elec

trically conductive layer of cloth includes strands of 2 nonox
idizable metal.

5

Lol

40

xS
A

50

50

65

70

75

@
i

wherein said gar
trodes about the

15, The apparatus as recited in claim
ment is a vest supporting a plurality of
terior thereof.

16. An electrode for receiving signals from a selected region
of a body with which it is in contact compr,s—m

a layer of flexible electrically conductive cloth:

a first layer of elastic material to which said layer of conduc-

%3

tive cloth is permanently secured:
first means to which said layer of conductive cloth i p
manently connected through said first layer of elastic

material for applying and securing satd conductive cloth
against said body;
electrically conductive means;
second means permanex ly co*ww?e(* to said concjuc@cw
¢ for e
e means

rom; and

cally mnnwtmg ‘xdtd elee
sald conductive ¢loth to rece
a layer of semirigid materia
layer of elastic material and s
said first layer of elustic material
layer of semirigid material h@v‘w
form generally to the shape of ¢
which the electrode is to come |

' shaped to co
ion ofthe body with






