Office de la Proprieté Canadian CA 2653593 C 2015/01/20

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 653 593
o Gmsca oy Conac 1 BREVET CANADIEN
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2007/05/18 (51) Cl.Int./Int.Cl. CO08L 33/02(2006.01),
S e . C08J 5/22(2006.01), COEK 3/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 200//12/13 CO8K 5/053(2006.01), AGTN 1/04 (2006.01)
(45) Date de délivrance/lssue Date: 2015/01/20 A61B 5/04 (2006.01)
(85) Entree phase nationale/National Entry: 2008/11/26 (72) Inventeur/Inventor:
(86) N° demande PCT/PCT Application No.: US 2007/011884 COPP-HOWLAND, WARREN W., US

(87) N° publication PCT/PCT Publication No.: 2007/142797 (73) Proprietaire/Owner:

o TYCO HEALTHCARE GROUP LP, US
(30) Priorité/Priority: 2006/05/30 (US11/442,797)
(74) Agent: SMART & BIGGAR

(54) Titre : ELECTRODE MEDICALE CONTENANT UN POLYMERE HYDROPHILE
(54) Title: MEDICAL ELECTRODE CONTAINING A HYDROPHILIC POLYMER

10

12

20 15

(57) Abréegée/Abstract:

Conductive compositions whose electrical properties do not change significantly due when stored open to the atmosphere,
methods for preparing the compositions, and medical electrodes that comprise the compositions are disclosed. The compositions
are hydrogels that comprise about 33 wt% to about 68 wt% of a humectant or a mixture of humectants; about 1 wt% to about 8
wt% of an electrolyte or mixture of electrolytes; about 6 wt% to about 20 wt% of water; about 18 wt% to about 45 wt% of a
copolymer. The copolymer comprises, In polymerized form, about 80 mol% to about 95 mol% of a first monomer, which Is a
mixture of acrylic acid and a salt thereof, about 5 mol% to 20 mol% of a second monomer, preferably a salt of 2-acrylamido-2-
methylpropane sulfonic acid, and, optionally a crosslinking agent. The conductive composition has a pH of about 7.0 or less.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




woO 2007/142797 A3 UM D000 A1 YO0 R0

CA 02653593 2008-11-26

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
13 December 2007 (13.12.2007)

(51) International Patent Classification:
A61IB 5/04 (2006.01)

(21) International Application Number:
PCT/US2007/011884

(22) International Filing Date: 18 May 2007 (18.05.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/442797 30 May 2006 (30.05.2006) US

(71) Applicant (for all designated States except US): CO-
VIDIEN AG [CH/CH]; Victor Von Bruns-Strasse 19,
CH-8212 Neuhausen am Rheinfall (CH).

(72) Inventor; and

(75) Inventor/Applicant (for US only): COPP-HOWILAND,
Warren, W. [US/US]; 91 Gilbert Avenue, Chicopee, MA
01013 (US).

(74) Agents: O’BRIEN, Elisabeth, A. et al.; Tyco Healthcare
Group LP, 15 Hampshire Street, Mansfield, MA 02048
(US).

(10) International Publication Number

WO 2007/142797 A3

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
10 April 2008

(54) Title: MEDICAL ELECTRODE CONTAINING A HYDROPHILIC POLYMER

10

20

' 4

14--" 18

(57) Abstract:  Conductive compo-
sitions whose electrical properties do
not change significantly due when
stored open to the atmosphere, methods
for preparing the compositions, and
medical electrodes that comprise
the compositions are disclosed. The
compositions are  hydrogels that
comprise about 33 wt% to about 68
wi% of a humectant or a mixture of
humectants; about 1 wt% to about 8
wit% of an electrolyte or mixture of
electrolytes; about 6 wt% to about 20
wt% of water; about 18 wt% to about
45 wt% of a copolymer. The copolymer
comprises, in polymerized form, about
80 mol% to about 95 mol% of a first
monomer, which is a mixture of acrylic
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20 mol% of a second monomer, preferably a salt of 2-acrylamido-2-methylpropane sulfonic acid, and, optionally a crosslinking

agent. The conductive composition has a pH of about 7.0 or less.
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MEDICAL ELECTRODE CONTAINING A HYDROPHILIC POLYMER

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims priority to U.S. Application Serial No. 11/442,797 filed
on May' 30, 2007 and titied MEDICAL EEECTRODE CONTAINING A HYDROPHILIC
POLYMER, by Warren W. Copp-Howland.

TECHNICAL. FIELD

This invention relates to medical electrodes. In particular, this invention relates to
conductive compositions whose elecfrical properties do not change signlificantly when the

composition is stored open {o the atmosphere, t¢ methods for making the compositions, and to
medical electrodes that comprise the compositions. .

BACKGROUND

Medical electrodes are used ta transmit electrical signais or currents between the body of a
patient and externai medical equipment. These electrodes typically comprise a conductive
composition adhered to or otherwise in contact with, the skin of the patient, and a conductor, which
is: electrically connected to the conductive composition and to the external medical equipment.

The conductive compositions are typlcally water containing hydrogels. Water containing
conductive compositions are subject to loss of water during storage. Because the electrical
properties of the composition and, consequently, of the electrode are sensitive to the water content
of the conducting composition, medical electrodes that contain such conductive compositions

require expensive packaging, such as foll barrier packaging, to prevent water loss and, thus, attain
reasonable shelf life. Thus, a need exists for a conductive compasition that can be used in medical

electrodes whose electrical propgrties do not change significantly when stored open 1o the
atmosphere and, thus, can be packaged in less expensive packaging.

SUMMARY

In one aspect, the invention is a conductive composition. The conductive composition
comprises:

about 33 wt% to about 68 wt% of a humectant or a mixture of humectants:
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about 1 wt% to about 8 wt% of an electrolyte or mixture of electrolytes;
about 6 wt% to about 20 wt% of water;

about 18 wt% to about 45 wt% of a copolymer consisting essentially of, in
polymerized form, about 80 mol% to about 95 mol% of a first monomer, in which the '
first monomer is a mixture of acrylic acid and a salt thereof, and about 5 mol% to about
20 mol% of a second monomer, in which the second monomer is one or more
monomers selected from CH>=CHC(O)XR, in which Xis O or NH and R is an

unsubstituted or substituted alkyi group of 1 to 5 carbon atoms;
and in which the conductive composition has a pH of about 7.0 or less.

In another aspect the second monomer is a salt of 2-acrylamido-2-
- methylpropane sulfonic acid. In yet another aspect, the copolymer is a cross-linked
copolymer that is cross-linked by a cross-linking agent. In still another aspect, the

copolymer is not crosslinked by cross-linking agent.
In another aspect, the invention is a biomedical electrode comprising:
a substrate; and
a layer of a conductive composition on the substrate;
In which the conductive composition comprises:

. about 33 wt % to about 68 wt % of a humectant or a mixture of

humectants;
about 1 wt % to about 8 wt % of an electrolyte or mixture of electrolytes:;
about 6 wt % to about 20 wt % of water;

about 18 wt % to about 45 wt % of a copolymer consisting essentially of,
In polymerized form, about 80 mol % to about 95 mol % of a first monomer, in which
the first monomer is a mixture of acrylic acid and one or more salts thereof, and about
5 mol % to about 20 mol % of a second monomer, in which the second monomer is
one or more monomers selected from CH2=CHC(O)XR, in which Xis QO or NH and R

IS an unsubstituted or substituted alkyl group of 1 to 5 carbon atoms; and

In which the conductive composition has a pH of about 7.0 or less.

-
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In another aspect, the invention is method for forming a conductive composition,

the method comprising the steps of:
a) preparing a pre-gel reaction mixture comprising:
about 33 wt % to about 68 wt % of a humectant;
about 1 wt % to about 8 wt % of an electrolyte;
about 2 wt % to about 8 wt % sodium hydroxide;
about 18 wt % to about 45 wt % of a monomer mix, the monomer mix

comprising about 60 wt % to about 85% of acrylic acid, about 15 wt % to about
40 wt % of the sodium salt of 2-acrylamido-2-methylpropane sulfonic acid, in which

part of the acrylic acid is neutralized by the sodium hydroxide to form sodium acrylate;
a polymerization initiator;

about 5 wt % to about 18 wt % water, exclusive of water formed by the

neutralization of the part of the acrylic acid by the sodium hydroxide; and

D) polymerizing the monomer mix to form a copolymer.

-2gq-
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In another aspect, the monomer mix additionally comprises about 0.01 wt% to about 1
wt% of a crosslinking agent. In still another aspect, the monomer mix does not comprise a

cross-linking agent.

In one aspect, the electrical properties of the conductive composition do not change
significantly when the composition is stored open to the atmosphere. In another aspect, the
invention is a medical electrode comprising the conductive composition. Thus, in other aspects,
the invention is a composition and a biomedical electrode comprising the composition that meet
ANSI/AAMI standard EC 12:2000, both before and after storage open to the atmosphere at
70°C for 72 hr.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top plan view of a medical electrode comprising the conductive

composition.
Figure 2 is a cross-sectional view of the medical electrode of Figure 1.

Figure 3 is a cross-sectional view of a snap medical electrode.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Unless the context indicates otherwise, in the specification and claims, the terms first
monomer, second monomer, humectant, electrolvte, polymerization initiator, polymerization
inhibitor, crosslinking agent, neutralizer, salt, and similar terms also include mixtures of such
materials. Unless otherwise specified, all percentages are percentages by weight and all

temperatures are in degrees Centigrade (degrees Celsius).
Conductive Composition

The conductive composition, sometimes known as a hydrogel or a conductive hydrogel,
1s prepared by polymerizing a pre-gel reaction mixture comprising a humectant, an electrolyte,
a first monomer, in which the first monomer is a mixture of acrylic acid and a salt thereof, and
a second monomer, in which the second monomer is one of more monomers selected from
CH,=CHC(O)XR, in which X is O or NH and R is an unsubstituted or substituted alkyl group
of 1 to 5 carbon atoms; polymerization initiator; neutralizer such as sodium hydroxide; water:
and optionally, a crosslinking agent, and optionally, a polymerization inhibitor. The pH of the
pre-gel reaction mixture, and of the resulting conductive composition, is typically about 7.0 or
less, more typically about 3.0 to about 6.5, and even more typically about 3.0 to about 5.5.
Medical electrodes comprising the conductive compositions meet ANSI/AAMI standard EC
12:2000, both before and after storage at 70°C tor 72 hours without packaging to prevent loss

of water from the compositions. Medical electrical comprising the conductive compositions of
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the invention have retained both their electrical and adhesive properties for up to five years on

storage at ambient conditions without packaging tfo prevent loss of water from the composition.

The pre-gel reaction mixture comprises a humectant or a mixture of humectants. The
humectant is preferably a non-volatile, non-toxic, water soluble or water miscible viscous
liquid at room temperature. Typical humectants include polyhydric alcohols such as glycerin,
sorbitol, ethylene glycol, propylene glycol, polyethylene glycols such as PEG 400 and PEG 600,
poly(propylene glycol), and mixtures thereof. Preferred humectants include polyethylene glycol,
sorbitol, and glycerin. The mixture typically comprises about 33 wt% to 68 wt%, typically 35
wit% to 65 wt%, more typically 55 wt% to 65 wt%, of the humectant.

The pre-gel reaction mixture comprises an electrolyte or a mixture of electrolytes. The
electrolyte is typically a salt, such as lithium chloride, sodium chioride, potassium chioride,
magnesium acetate, ammonium acetate, or a mixture thereof. A preferred electrolyte is
potassium chloride. The mixture comprises about 0.5 wt% to about 10 wt%, typically about |

wt% to about 8 wt%, more typically about 2.0 wt% to about 6 wt% of the electrolyte.

The pre-gel reaction mixture comprises a monomer mix. The monomer mix comprises
a first monomer, a second monomer, and, optionally, a cross-linking agent. The first monomer
is acrylic acid, a salt thereof, or a mixture thereof. The polymer produced by polymerization
comprises acid acrylate moieties (-CO,H and/or -CO,M, in which M is a cation such as sodium
ion, potassium ion, lithium 1on, ammonium or substituted ammonium ion, etc.) directly

attached to the polymer backbone.

which X is O or NH and R is an unsubstituted or substituted alkyl group of 1 to 5 carbon atoins.
The polymer produced by polymerization comprises groups of the structure -C(O)XR directly

attached to the polymer backbone.

Typical unsubstituted alkyl groups are methyl, ethyl, n-propyl, n-butyl, and n-pentyl.
Typical substituents that may be present in a substituted alkyl group are halo (such as F, Cl; or
Br) cyano, carboxylic acid and salts thereof (i.e., -CO,;H or -CO,M, in which M is a cation),
phosphate and salts thereof, and sulfonic acid and salts thereof. An example of such a
substituted alkyl group is (3-sulfopropyhacrylic acid ester, potassium salt. A preferred second
monomer is 2-acrylamido-2-methylpropane sulfonic acid (CH,=CH-CONHC(CH;),-CH,-
SO;H) and/or a salt thereof. Typical salts are the sodium, lithium, potassium, ammonium, and

substituted ammonium salts, and
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mixtures thereof.

The monomer mix typically comprises about 18 wt% to about 45 wit%, typically about 20
wt% to 40 wi%, of the of the pre-gel reaction mixture. Following the polymerization reaction, the
resuiting conductive composition comprises about 18 wt% to about 45 wt%, typically about 20 wt%
to 40 wit%, of the copolymer. In the calculation of the percentage composition, acrylic acid and
acrylic acid salt or salts are calculated as acrylic acid, and when 2-acrylamido-2-methylpropane
sulfonic acid and/or a salt or salts thereof are present, they are calculated as the sodium salt of 2-
acrylamido-2-methyipropane suifonic acid (NaAMPS).

The first monomer makes up about 80 mol% to about 95 mol%, typically about 85 mol% to
about 95 mol%, of the monomers present in the monomer mix (i.e., the total amount of the first
monomer and the second monomer present in the monomer mix). The second monomer makes
up about 5 mol% to about 20 mol%, typically about 5 mol% to about 15 moi%, of the monomer mix.
In one embodiment the acrylic acid and/or salt or salts thereof make up about 90 moil% and the
second monomer, such as 2-acrylamido-2-methylpropane sulfonic acid and/or salt or salis thereof,
make up about 10 mol% of the monomer mix. |

In one embodiment, the second monomer is 2-acrylamido-2-methylpropane sulfonic acid
sodium salt (NaAMPS) (CH;=CH-CONHC(CH3)>-CH,-SO3 M™). The first monomer (acrylic acid
and/or salt or salt thereof, calculated as acrylic acid) comprises about 60 wt% to about 85 wt%,
typically abou? 70 wt% to about 80 wit%, of the total amount of first monomer and the NaAMPS in
the monomer mix. The NaAMPS (calculated as NaAMPS) comprises about 15 wt% to about 40
wt%, typically about 20 wi% to about 30 wt% of the total amount of first monomer and NaAMPS in
the monomer mix. In one embodiment, the first monomer comprises about 70 wt% to 75 wt% and

the NaAMPS comprises about 25 wt% to 30 wt% of the total amount of first monomer and
NaAMPS in the monomer mix.

Optionally, the pre-gel reaction mixture may comprise an effective amount, typically 1 wi%
or less, of a cross-linking agent or mixture of cross-linking agents. An effective amount of cross-
linking agent is an amount that produces a conductive compaosition with the desired physical
properties, such as coherence and adhesion, and electrical properties. Although the amount
required will depend on, for example, the molecular weight of the cross-linking agent, the number
of ethylenically unsaturated, free radical polymerizable groubs present in the cross-linking agent,
the amount of free radical polymerizable monomers present in the monomer mix, when the cross-
linking agent is present, the amount of crosslinking agent will equal about 0.01 wt% to 1 wt%, more
typically 0.02 wt% to 0.08 wt%, of the total weight of the first and second monomers, calculated as
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described above. The crosslinking agents are free radical polymerizable monomers that comprise
more than one ethylenically unsaturated, free radical polymerizable group. Preferably the effective
amount of crosslinking agent is soluble in the mixture. Numerous crosslinking agents
polymerizable by free-radical initiated polymerization are known to those skilled in the art,
Crosslinking agents include, for example, bis-acrylamides and methacrylamides, such as N,N'-
methylene bis-acrylamide; acrylate and methacrylate esters of polyols, such as, ethylene glycol
diacrylate and dimethacrylate, diethylene glycol diacrylate and dimethacrylate, trimethylolpropane
triacrylate and trimethacrylate, ethoxylated trimethylolpropane triacrylate and trimethacrylate;
pentaerythritol triacrylate and trimethacrylate, pentaerythritol tetraacrylate and tetramethacrylate,
and polyethylene glycol diacrylates and dimethacrylates, such as the diacrylates and
dimethacrylates of polyethylene glycols having a molecular weight of from about 200 to about 600.
An especially useful crosslinking agent is N,N'-methylene bis-acrylamide [(CH2=CHCONH)2CH2].

The crosslinking-agent may be added to the pre-gel reaction mixture, as, for example, a
1% solution in water. The amount of crosslinking agent is calculated as the amount of the
crosslinking ag\ent added, not as the amount of solution containing crosslinking agent added. The

water in which the crosslinking agent is dissolved is counted as part of the water present in the
mixture.

Although a crosslinking agent may be used to prepare the copolymer, it has been
discovered that a conductive composition with the desired physical and electrical properties can be
prepared without the use of a cross-linking agent, That is, the resulting copolymer is not

crosslinked by a cross-linking monomer (i.e., a copolymer not crosslinked by a crosslinking agent).

The pre-gel reaction mixture comprises an effective amount of a polymerization initiator.
An effective amount is an amount that produces efficient polymerization of the monomers under the
polymerization conditions to produce a conductive composition with the desired physical and
chemica! properties. Numerous free radical polymerization initiators are known to those skilled in
the art. The polymerization initiator may be a single compound or a mixture of compounds.
Thermal and/or photo free radical polymerization initiators, for example, may be used. Typical
thermal free radical polymerization initiators include azo compounds, such as
2,2-azobisisobutyronitrile (AIBN). Suitable photo free radical polymerization initiators are disclosed
in "Photoinitiators for Free-Radical-Initiated Photoimaging Systems," by B. M. Monroe and G. C.
Weed, Chem. Rev., 93, 435-448 (1993) and in "Free Radical Polymerization" by K. K. Dietliker, in
Chemistry and Technology of UV and EB Formulation for Coatings, inks, and Paints, P. K. T.
Oldring, ed, SITA Technology Ltd., London, 1891, Vol. 3, pp. 59-525. Typical free radical photo
polymerization initiators include, for example, 1-hydroxycyclohexylphenyl ketone (HCPK,
IRGACURE® 184); 2-hydroxy-2-methyl-1-phenylpropan-1-one (DAROCUR® 1173); 2-hydroxy-1-

-6 -
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[4-(2-hydroxyethoxy)phenyl]-2-methyl-1-propan-1-one (IRGACURE®2939), 2,2-dimethoxy-2-
phenylacetophenone (benzildimethyl ketal, BDK, IRGACURE®6G51), and a mixture of 50 wt%
benzophenone and 50 wit% of 1-hydroxycyclohexylphenyl ketone (IRGACURE® 500). The pre-gel
reaction mixture typically comprises less than about 1.0 wt%, more typically less than about 0.7
wt%, and even more typically less than about 0.4 wt%, of the polymerization initiator.

The pre-gel reaction mixture may comprise a neufralizer. Bases such as hydroxides,
amines, Lewis bases, and mixtures thereof may be uses as neutralizers. The neutralizer is
typically a base such as ammonium hydroxide, sodium hydroxide, potassium hydroxide, and/or
lithium hydroxide. If the acrylic acid and/or the second monomer, such as the 2-acrylamido-2-
methylpropane sulfonic acid, are added to the mixture at least partly in the acid form, it may be
necessary to added neutralizer to the mixture to neutralize some of the acid so that the pH of the
mixture is preferably about 3.0 to about 6.5. In one embodiment, all the 2-acrylamido-2-
methylpropane suffonic acid in the pre-gel reaction mixture is neutralized (/.e., present as a sait
rather than as the acid), so 2-acrylamido-2-methylpropane sulfonic acid may be added to the pre-
gel reaction mixture and neutralized by addition of a neutralizer. Alternatively, a salt or salts of the
secdnd monomer, such as the sodium salt, may be added so that the addition of a neutralizer to
convert the acid form of the second monomer to a salt is unnecessary. Typically, only part of the
acrylic acid is neutralized (i.e., present as a salt}. Consequently, if acrylic acid is added, a
neutralizer may be necessary to convert part of the acrylic acid to a salt or a mixture of salts.
Alternatively, an appropriate mixture of acrylic acid and a salt or a mixture of salts may be added so
addition of a neutralizer to convert part of the acrylic acid to a salt or mixture of salts is
unnecessary. Typically about 10 mol% to about 60 mol% of the écrylic acid, more typically about
25 mol% to about 50 mol% of the acrylic acid is preéent in the pre-gel reaction mixture as a salt.

When acrylic acid and NaAMPS are present in the pre-gel reaction mixture, a neutralizer,
typically sodium hydroxide, is added. The amount of neutralizer added is less than the amount
necessary to neutralize all the acrylic acid in the mixture, so that the resulting mixture has a pH of
about 3.0 to about 6.5. Typically about 10 moi% to about 60 mol% of the acrylic acid, more
typically about 25 mol% to about 50 mol% of the acrylic acid is neutralized by the neutralizer.

When sodium hydroxide is used as the neutralizer, about 2 wt% to 8 wt% sodium
hydroxide (dry weight) is added to the mixture. The sodium hydroxide may be conveniently added
to the mixture as a water solution, such as, for example, an agueous 50 wt% sodium hydroxide
solution.

Water is present in the mixture. The amount of water includes any water present in any of
the ingredients and any water added with ingredients that are in water solution, such as the

monomers, the crosslinking agent, the neutralizer, the humectant, etc.

-7 -
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As will be apparent to those skilled in the art, when neutralizer is added to neutralize acrylic
acid and/or the second monomer, water will be generated by the neutralization reaction. When the
water produced by the neutralization reaction, if any, is included, the mixture comprises about 6
wt% to about 20 wt% water. When the water produced by partial neutralization of the acrylic acid is
not included, the mixture comprises about 5 wt% to about 18 wt% water.

In addition to the free radical initiator, small amounts of free radical polymerization
inhibitors may be present in one or more of the monomers, and/or the crosslinking agent, and/or
may be added to the mixture to prevent premature polymerization of the reaction mixture. Typical
free radical polymerization inhibitors include, for example, hydroquinone, 4-methoxyphenol, di-{-
butyl-p-cresol, pyrogaliol, {-butyf catechol, benzoquinone, 4,4'-thio-bis-(3-methyl-6-t-butylphenol),
and 2,2’-methylene-bis-(4-methyl-6-t-butylphenol). When present, the amount of the
polymerization inhibitor used is preferably about 0.01 wit% to about 5 wt% of the mixture. Other
conventional ingredients of conductive compasitions may be present in thé pre-gel reaction mixture
or added to the conductive composition following the polymerization reaction.

The pre-gel reaction mixture may be spread or coated as a layer on a release liner, for
example a siliconized release subsftrate such as silicone coated polyethylene terephthalate film, or
other substrate prior to polymerization. Free radical polymerization may be initiated by, for
exampie, heating the mixture when a thermal free radical polymerization initiator is present in the
mixture, or exposing the mixture to actinic radiation when a photoinitiated free radical
polymerization initiator is present in the mixture. Any convenient source or sources of actinic
radiation providing wavelengths in the region of the spectrum that overlap the absorption bands of
the photoinitiated free radical polymerization initiator can be used to activate polymerization. The
radiation can be natural or artificial, monochromatic or polychromatic, incoherent or coherent, and
for high efficiency should correspond closely in wavelengths to the absorption bands of the
polymerization initiator. Conventional light sources include fluorescent lamps, mercury vapor
lamps, metal additive lamps, and arc lamps. Useful lasers are those whose emissions fall within or
overlap the absorption bands of the photoinitiated free radical polymerization initiator. Although, if
desired, the mixture may be degassed before polymerization and/or the polymerization may be
carried out under an inert atmosphere, it is not necessary to degas the mixture before
polymerization or to carry out the polymerization under an inert atmosphere.

Following polymerization, the resulting conductive composition may transferred to a
conductive substrate. Alternatively, the conductive composition may be adhered to a conductive
substrate, and the release liner left in place to protect the conductive composition until it is ready
for use. |
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Medical Electrodes

Medical electrodes transmit electrical signals or currents to or from a patient's
skin and an external medical apparatus. Medical electrodes are well known to those
skilled in the art. Their construction is described, for example, in Dietz, U.S. Patent
5,779,632. These electrodes typically comprise a conductive composition on a substrate.
The layer of conductive composition can be adhered to or contacted with the skin of the
patient. The medical electrode also comprises a conductive interface that is electrically
connected to the layer of conductive composition and adapted to be electrically
connected to an item of external medical equipment. For many applications, the
conductive composition must also be sufficiently adhesive to adhere to the patient's skin,
/. e., be a conductive adhesive. The configuration of the electrode and the adhesive
properties required will depend on the intended application, such as whether the
electrode is a transmission electrode, /.e., an electrode that sends electric currents or
signals to the patient's body, or a sensing or monitoring electrode, /.e., an electrode that
sends electrical signals from the patient's body to the external medical equipment.

Figure 1 and Figure 2 show a medical electrode 10 on release liner 12. Release
liner 12 is a release paper or film of a waxed or coated plastic, such as a silicone coated
polyethylene terephthalate film, which is typically used to protect medical electrode 10
betfore applicatioh of the electrode to a skin surface.

Electrode 10 comprises layer of conductive composition 14. Electrode 10 also
comprises conductive interface 16 comprising a conductor member having a conductive
portion 18 contacting layer of conductive composition 14 and tab portion 20 extending
beyond layer of conductive composition 14 for mechanical and electrical contact with the
external medical equipment, such as a electrocardiogram monitoring (ECG) machine, an
electroencephalogram (EEG) machine, or a transcutaneous electrical nerve stimulation

(TENS) machine (not shown). Conductive interface 16 comprises conductive layer 24,
coated on at least side 22 of conductive interface 16. Conductive layer 26 contacts layer

of conductive composition 14. Medical electrode 10 can be used either as a diagnostic

electrocardiogram (ECG or EKG) electrode or as a transcutaneous electrical nerve
stimulation (TENS). In use, release liner 12, if present, is removed. Then layer of
conductive composition 14 of electrode 10 is applied to the surface of the patient's skin

and electrically connected to the external medical equipment.
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Figure 3 shows a cross-section of snap medical electrode 30 on a release liner.
Electrode 30 has nonconductive backing 32, which has opening 33 covered by snap 34
through which eyelet 35 protrudes. Snap 34 is secured to eyelet 35. Together snap 34
and eyelet 35 comprise at least part of a conducive interface adapted to provide an
electrical connection between layer of conductive composition 36 and the external

medical equipment (not shown). Eyelet 34 and
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backing 32 are covered by layer of conductive composition 36. Release liner 38 protects the layer
36 of conductive composition prior to use.

The conductive compositions of the invention and medical electrodes comprising the
compositions meet ANSI/AAMI standard EC 12:2000 for medical electrodes both before and after
‘storage at 70°C for 72 hours without packaging to prevent loss of water from the composition,
which is equivalent to storage at 20°C for about 96 days without packaging to prevent loss of
water. Medical electrical comprising the conductive compositions of the invention have retained
both their electrical and adhesive properties for up to five years on storage at ambient conditions
without packaging to prevent loss of water from the composition.

The medical electrode may be packaged for use in a sealed or unsealed envelope of any
of a number of suitable materials such as polyethylene or other plastic fim. Because the properties
of the conductive compositions of this invention do not change significantly when the electrode is
stored open to the atmosphere, packaging is only necessary for product identification and to
prevent contamination; foil barrier packaging is not required.

Industrial Applicability

The conductive compositions of the invention are especially useful in medical electrodes
that can be used with medical equipment for a variety applications, such as: electrocardiogram
monitoring (ECG) electrodes (tab and snap style) for monitoring heart activity and for diagnosing
heart abnormalities; electroencephalogram (EEG) electrodes; transcutaneous electrical nerve
stimulation (TENS) electrodes used for pain management; neuromuscular stimulation (NMS) used
for treating conditions such as scoliosis; muscle stimulation electrodes; wound treatment electrodes
(accelerated healing of skin wounds or broken bones); defibrillation electrodes to dispense
electrical energy to a chest cavity of a mammalian patient to defibrillate heart beats of the patient;
and dispersive electrodes to receive electrical energy dispensed into an incision made during
electrosurgery. Other applications of the conductive compositions of the invention include, for
example, electro-surgical dispersive pads; drug delivery (passive or iontophoretic); pre-surgical
limb or area markers, tapes (anchoring chest tubes, NG tubes, Vs, cannulae, etc); and sterile
seals at needle or cannula entry points. The medical equipment used in these applications is well
known to those skilled in the art.

The advantageous properties of this invention can be observed by reference to the
following examples, which illustrate but do not limit the invention.

-10 -
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EXAMPLES

Glossary

2-Acrylamido-2-methylpropane sulfonic acid
(CH;=CHCONH-C(CH3),-CH2-SO3H)

DAROCURE® 1173 (2-Hydroxy-2-methyl-1-phenyl-propan-1-one)
(Ciba Specialty Chemicals)

3 wt% IRGACURE® 184 (1-hydroxycyclohexylphenyi ketone) in 2-
propanol (Ciba Specialty Chemicals)

93.3% glycerin, 6.54% sodium chloride, and 0.08% deionized
water

1 wt% N,N’-Methylene bis-adrylamide in water

Mixture of 72.8% acrylic acid, 25.2% sodium salt of 2-acrylamido-
Z2-methylpropane sulfonic acid (NaAMPS) and 2.0% water

4-Methoxyphenol

50 wit% Sodium hydroxide in water

Examples 1-12

Preparation of the conductive compositions. The components listed in Table 1 were

mixed together to form pre-gel reaction mixtures. The ingredients were added in the following

order: monomer mix A, MBA solution, electrolyte (lithium chloride, sodium chloride, or potassium

chioride), neutralizer, humectant (glycerol), and photoinitiator (I-184 solution). The mix time

depended on the volume. When all components were completely dissolved and/or the mixture was

homogenous, the pre-gel reaction mixture was coated onto a substrate with or without a scrim.

The layer of the mixture has a thickness of about 0.01 to 0.25 inches. The pre-gel reaction mixture

can also be injected into a retaining ring or mold directly and polymerized.

- 41 -



CA 02653593 2013-10-31

| TABLE 1°
Example Monomer MBA LICI NaCl KCiI Glycerol 50% % Acrylic Acid
Miix A Soln’ NaOH Neutralized
1 50.0 3.0 1.3 - -- 40.00 5.20 13%
2 15.0 3.0 2.0 - —~ 74.90 4.60 38%
3. 20.0 3.0 2.0 — -~ 69.44 5.06 31%
4 20.0 4.0 2.0 -~ - 68.60 65.00 31%
5 20.0 4.0 - -- - 70.00 5.50 34%
6 20.0 5.0 - 1.0 - 68.00 5.50 34%
7 20.0 7.0 - -e 1.0 65.50 6.00 37%
8 20.0 7.0 ~ — 2.0 64.50 6.00 37%
9 20.0 6.5 1.0 .- - 66.00 6.00 37%
10 20.0 8.0 - -~ - 65.61 5.88" 37%
11 20.0 7.0 2.0 -~ - 64.49 6.00" 37%
12 40.0 6.0 2.0 - - 40.49 11.00° 34%

“All compositions contained 0.5 wi% of |-184 solution. Examples 10, 11, and 12 also
contained 0.01 wt% of 4-MPH,

1 wi% N,N’-Methylene bis-acrylamide in water:

A pre-gel mixture that contained 20 wi% monomer mix, 3 wt% MBA, 1.5 wt% lithium
chloride, 57.5 wi% of glycerol, 17.2 wi% of triethanolamine, 0.5 wt% of 1-184, and 0.3 wt% of
D1173 auto polymerized during preparation.

Preparation and Evaluation of Electrodes. Electrocardiogram snap electrodes were

prepared from each composition. Each comboslt‘ion was coated onto a release substrate and
polymerized using uitraviolet radiation from a xenon arc lamp. Then the resulting conductive
composition was applied 1o a snap elactrode substrate,

Accelerated aging was carried out by heating the electrodes at 70°C in a forced draft oven
with no packaging. Assuming that the rates of all the reactions that occur in the conductive

composition are only dependent on temperature and applying the Arrhenius equation, 24 hours at
70°C Is equivalent to 32 days STORAGE at 20°C.

~ Performance standards have been drawn up by ANSI (American National Standards
Institute) and AAMI (Association for the Advancement of Medical Instrumenitation). The

ANSI/AAMI standard, ANSI/AAMI standard EC 12:2000 is given in Table 2.

TABLE 2 -

DC Offset (DCO) Less than or equal to 1 00 mV
AC Impedance (ACZ) Less than or equal to 2000 ohms

Slope - Absolute value is less than or equal {0 1.0 mV/s

Each electrode was tested on an Xtratek ET-65A ECG electrode iester (Xtratek, Lenexa,
KS, USA) or on an Angiolaz ECG electrode tester (Angiol.az, Bellows Falls, VT). The release

-12 -
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liners were removed and pairs of electrodes were mated gel (layer of conductive composition) to
gel (layer or conductive composition). All samples but Examples 5, 6, and 10 exceeded
ANSI/AAMI standard EC 12:2000. Examples 5 and 10 have no electrolyte and Example 6 has only

1% electroiyte.

Samples 1-4 were placed in a 70°C in a forced air oven for accelerated aging. After aging,
each electrode tested met ANSI/AAMI standard EC 12:2000. This data is shown in Table 3.

Example
No.

10
11

12

TABLE 3
Defibrillation
DCO ACZ DCO Slope
Mv ohm my myvisec
2.6 633 22.7 0.5
0.9 802 19.2 0.5
0.4 882 17.5 0.5
0.5 450 15.6 0.4
0.8 480 16.2 0.4
2.2 560 16.4 0.5
1.6 950 22.3 0.5
2.1 1284 372.2 3.2
6.9 961 65.9 3.1
1.4 537 20.6 0.5
0.2 448 16.2 0.4
0.2 941 18.1 0.5
6.6 1380 363.4 3.1
0.2 198 16.3 0.3
0.5 590 15.8 0.3

ACZ
ohm

659
736
830
420
440

480
740

1203

843

026

429

057

874

476

557

After 2 weeks ambient
After 10 days at 70°C

After 36 days at 70°C

The final set of data measures the adhesive quality of layer of the conductive composition.

The tester is a Texture Technology's Texture Analyzer.

-13-
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Texture Analyzer Data

Example Tack Area under curve Leg length
(Q) (g-mm) (mm)
10 88.75 204.89 3.80
11 81.10 357.93 5.08
12 159.29 83.99 1.14

Examples 13-22

These Examples show the electrical and adhesive properties of conductive compositions of
the invention. The conductive compositions were prepared as in Example 1, except that the
sodium chloride was pre-dissolved in the glycerol. The Design of Experiments was a 2°, V4

fractional factorial. There are eight examples (Examples 13-22) with two mid point repeats
(Examples 21-22).

Measurements were made as in Example 1. The numbers reported are the average of
twelve pairs of standard electrodes for each value. The first number reported is the initial DCO (DC
offset) in millivolts. The next number reported is the ACZ (AC impedance) in ohms. Then each
electrode goes through a series of four defibrillation pulses with the DCO and slope recorded after
each pulse on each pair of electrodes. The next number reported is the maximum post
defibrillation DCO, followed by the post defibrillation ACZ, and the maximum recovery slope in
mtllivolt/second. These tests were performed on the gels one to two days after the films were
made. These measurement were repeated on a second set of ﬂvelve pairs of standard ECG

electrodes that had been heated for 72 hr at 70°C in a forced draft oven with no packaging. This is
equivalent to storage at 20°C for about 96 days.

- 14 -
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TABLE 4
Example No.

Component |
Monomer Mix A 20000 | 20.000 | 20.000 | 20.000 | 40.000

Glycerol
 NaCl | 4704 | 4422 | 4.178 | 4426 | 2603
0.030 0300 | 0.030

50% NaOH soln. 4044 | 16.176

Aerylic Acid Neutralized

Electrical Responses

Initial DCO (mV) 0532 | 0409 | 0567 | 0.397 | 1.015 |
Initial ACZ (ohm 4413 | 3472 | 226.8 | 258.8 | 386.1

Defib DCO (mV 14.9 13.6 14.3
Defib ACZ (ohm 438.5 334.0 224.2 250.7 342.5

Defib max slope (mV/sec. 0.15 0.16
Aged for 72 hr at 70°C Electrical Responses |
Initial DCO (MmV) 0.032 0.255 0.542 0.138 0.037
Initial ACZ (ohm 1105 | 801 | 905 | 425 | 97.9

Defib DCO (mV 112 | 129 | 125 | 110 |
Defib ACZ (ohm 78.2 91.0
Defib max slope (mV/sec. 0.12 0.14

TextureAnalyzer | [ [ [
Primary tack (grams) 86.2 101.1 80.7 81.5 416.0

®Assumes complete reaction of the sodium Eyaroxide with the acrylic acid.

- 15 -
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Comparative Examples 1-3

These Examples show the electrical properties of commercially available medical
electrodes. The electrical properties of three commercially available medical electrodes
were measured as described above. The electrical properties were measured before
and after aging, open to the atmosphere, for 72 hours at 70°C in a forced air oven. The
water levels for each of the hydrogels are: 3M Red Dot™ Resting EKG Electrode, 38%;
ConMed Model 1700 Medical Electrode, 38%; and Ambu™ Blue Sensor Medical
Electrode, 84%. '

The properties are give in Table 6 along with ANSI/AAMI standard EC 12:2000.
Each value is the average of twelve determinations. After aging, open to the
atmosphere, for 72 hours at 70°C, none of the three cdmmercially available medical

electrodes meets ANSI/AAMI standard EC 12:2000.

TABLE 6 _
' D\t’: ﬁffset lmp:g;nce Defibriliation Overload Recovery
‘(’mff)-" (ohms}) DCO ACZ Slope
my my/sec my/sec) -
3M Red Dot™ Resting EKG Electrode *
Initial 0.2 . 287 12.8 265 0.12
Aged” 0.5 23,100 31.1 23,100 0.52
ConMed Model 1700 Medical Electrode ,
Initlal 1.1 . 48 6.6 35 0.19
Aged® 08 - 23100 - 27.8 23,100 = .0.34
- Ambu™ Blue Sensor Medical Electrode:

Initial 0.6 597 11.9 216 0.19
Aged® 0.8 23100 0.8 23,100 0.01
ANSIVAAMI Standard EC 12:2000 Limits

| < 100 s 2,000 < 100 < 2,000 <9

"Aged for 72 hr at 70°C.

Example 23

This Example illustrates the preparation and the electrical properties of a
conductive composition of the invention in which the co-poly}ner in the conductive
composition is not cross-linked. A mixture of Monomer Solution A (40 g), glycerin/NaCl
solution (35.52%), and deionized water (8.0 g) was cooled in an ice bath and mixed for
about 10 minutes. Then 50% sodium hydroxide solution (16.18 g) was slowly added.

The temperature must not exceed 45°C during the addition. After all of the sodium

- 16 -
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hydroxide had been added, Darocur® D1173 (0.3 g) was added and the resulting

mixture stirred for 10 minutes. The resulting pre-gel reaction mixture was converted to a

gel as described in Example 1.
The electrical data properties for the conductive composition with no cross-linker

are as

- 16a -
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follows:
N = 6 (six pair of electrodes)
Initial DC Offset = 0.35 % 0.20 millivolt (high = 0.59; low = 0.06)
Initial AC iImpedance = 5632 £ 18 ohm (high = 565; low = 515)
Defibrillation recovery DC Offset 16.4 £ 2.0 (high = 19; low = 0.0)

Defibrillation Recovery Slope = 0.42 1 0.01 mv/second (high = 0.43; low = 0.41)

Post Defibrillation AC Impedance = 452 + 15 ohm (high = 477; low = 436)

Example 24

This Example illustrates the preparation and the electrical properties of a medical
electrode containing a conductive composition of the invention before and after storage for over
S years at room temp and humidity with no packaging.

A pre-gel reaction mixture was formed containing 50 wt% Monomer Solution A, 0.03
wt% of methylene-bis-acrylamide, 1.30 wt% of lithium chloride, 40.00 wt% of glycerol, 5.20 wi%
S50% of sodium hydroxide solution, 0.50% of 3% Irgacure®184 in 2-propanol, and 2.97%
deionized water. The resulting pre-gel reaction mixture contained 12.60 wt% of the sodium salt
of 2-acrylamido-2-methylpropane sulfonic acid, 12.60 wt% of acrylic acid and its sodium salt;
0.03 wt% of MBA, 1.30 wt% of lithium chloride, 40.00 wt% of glycerol; 2.60 wt% of sodium
hydroxide, 0.015 wt% Irgacure®184, 0.485 wt% of 2-propanol, and 6.57 wt% water, exclusive
of water generated by neutralization of the acids with sodium hydroxide. The pre-gel reaction
mixture was used to form a medical electrode, as described above.

The initial electrical properties of the medical electrode were (average of twelve pairs of
electrodes): DCO = 2.6 mV; ACZ = 633 ohm; Defib. DCO = 19.6mV: Slope = 0.5 mV/sec: and
ACZ = 730 ohm. After 5 years and 11 months at room temp and humidity with no packaging
the electrical properties were (average of twelve pairs of electrodes). DCO =0.8 mV; ACZ =
843 ohm; Defib. DCO = 17.5 mV,; Slope = 0.5 mV/sec; and ACZ = 763 ohm.

Having described the invention, we now claim the following and their equivalents.

-17 -
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WHAT IS CLAIMED IS:

1. A conductive composition comprising:

about 33 wt% to about 68 wt% of a humectant or a mixture of humectants;

about 1 wt% to about 8§ wt% of an electrolyte or mixture of electrolytes;

about 6 wt% to about 20 wt% of water;

about 18 wt% to about 45 wt% of a copolymer consisting essentially of, in
polymerized form, about 80 mol% to about 95 mol% of a first monomer, in which the
first monomer 1s a mixture of acrylic acid and one or more salts thereof, and about 5
mol% to about 20 mol% of a second monomer, in which the second monomer is one or
more monomers selected from CH,=CHC(O)XR, in which X 1s O or NH and R 1s an
unsubstituted or substituted alkyl group of 1 to 5 carbon atoms; and

1n which the conductive composition has a pH of about 7.0 or less.

2. The conductive composition of claim 1 in which the copolymer is not crosslinked
by a crosslinking agent.
3. The conductive composition of claim 2 in which the second monomer is a salt of

2-acrylamido-2-methylpropane sulfonic acid, and the pH of the conductive composition

1s 3.0 to 6.5.

18
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4 The conductive composttion of claim 3 in which the first monomer 1s a mixture of

acrylic acid and sodium acrylate, and the second monomer is sodium 2-acrylamido-2-

methylpropane sulfonate.

5. The conductive composition of claim 4 1n which the composition comprises about
55 wt% to about 65 wt% of the humectant or the mixture of humectants and about 20
wt% to about 40 wt% of the copolymer, and the copolymer comprises, in polymerized
form, about 85 mol% to about 95 mol% of the first monomer and about 5 mol% to about

15 mol% of the second monomer.

6. The conductive composition of claim 5 in which the humectant is glycerol,

sorbitol, or a mixture thereot, and the electrolyte 1s sodium chloride.

7. The conductive composition of claim 6 in which the composition meets
ANSI/AAMI standard EC 12:2000, both before and after storage open to the atmosphere

at 70°C for 72 hr.

8. The conductive composition of claim 3 in which the composition comprises about
55 wt% to about 65 wt% of the humectant or the mixture of humectants and about 20
wt% to about 40 wt% of the copolymer; the copolymer comprises, in polymerized form,
about 85 mol% to about 95 mol% of the first monomer and about 5 mol% to about 15

mol% of the second monomer; and the composition meets ANSI/AAMI standard EC

12:2000, both before and after storage open to the atmosphere at 70°C for 72 hr.
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9. The conductive composition of claim 1 in which the polymer is crosslinked by a

crosslinking agent.

10. The conductive composition of claim 9 in which the second monomer is a salt of

2-acrylamido-2-methylpropane sulfonic acid, and the pH of the conductive composition

1s 3.0 t0 6.5.

11.  The conductive composition of claim 10 in which the first monomer i1s a mixture
of acrylic acid and sodium acrylate, and the second monomer is sodium 2-acrylamido-2-

methylpropane sulfonate.

12. The conductive composition of claim 11 in which the composition comprises
about 55 wt% to about 65 wt% of the humectant or the mixture of humectants and about
20 wt% to about 40 wt% of the copolymer, and the copolymer comprises, in polymerized
form, about 85 mol% to about 95 mol% of the first monomer and about 5 mol% to about

15 mol% of the second monomer.

13. The conductive composition of claim 12 in which the humectant is glycerol,

sorbitol, or a mixture thereof, and the electrolyte 1s sodium chloride.

14.  The conductive composition of claim 13 in which the composition meets
ANSI/AAMI standard EC 12:2000, both before and after storage open to the atmosphere

at 70°C for 72 hr.
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15.  The conductive composition of claim 13 it which the composition comprises
about 55 wt% to about 65 wt% of the humectant or the mixture of humectants and about
20 wt% to about 40 wt% of the copolymer; the copolymer comprises, in polymerized

form, about 85 mol% to about 95 mol% of the first monomer and about 5 mol% to about

15 mol% of the second monomer; and the composition meets ANSI/AAMI standard EC

12:2000, both before and after storage open to the atmosphere at 70°C for 72 hr.

16. A biomedical electrode comprising:
a substrate; and
a layer of a conductive composition. on the substrate;
in which the conductive composition comprises:
about 33 wt % to about 68 wt % of a humectant or a mixture of
humectants;
about 1 wt % to about § 'wt % of an electrolyte or mixture of electrolytes;
‘about 6 wt % to about 20 wt % of Water;
about 18 wt % to about 45 wt % of a copolymer consisting essentially of,
in polymerized form, about 80 mol % to about 95 mol % of a first monomer, in
which the first monomer 1s a mixture of acrylic acid and one or more salts thereof,
and about 5 mol % to about 20 mol % of a second monomer, in which the second

monomer 1s one or more monomers selected from CH,=CHC(O)XR, in which X
is O or NH and R is an unsubstituted or substituted alkyl group of 1 to 5 carbon
atoms; and

in which the conductive composition has a pH of about 7.0 or less.
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17.  The biomedical electrode of claim 16 in which the composition meets
ANSI/AAMI Standard EC 12:2000, both before and after storage open to the atmosphere

at 70°C for 72 hr.

18. The biomedical electrode of claim 17 in which the copolymer 1s not crosslinked

by a crosslinking agent.

19. The biomedical electrode of claim 18 in which the second monomer 1s a salt of 2-

acrylamido-2-methylpropane sulfonic acid, and the pH of the conductive composition is

3.0t0 6.5.

20. The biomedical electrode of claim 19 in which the first monomer is a mixture of

acrylic acid and sodium acrylate, and the second monomer i1s sodium 2-acrylamido-2-

methylpropane sultonate.

21.  The biomedical electrode of claim 20 in which the composition comprises about
55 wt% to about 65 wt% of the humectant or the mixture of humectants and about 20
wt% to about 40 wt% ot the copolymer, and the copolymer comprises, in polymerized
form, about 85 mol% to about 95 mol% of the first monomer and about 5 mol% to about

15 mol% ot the second monomer.

22.  The biomedical electrode of claim 21 1n which the humectant 1s glycerol, sorbitol,

or a mixture thereof, and the electrolyte is sodium chloride.
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23. The biomedical electrode of claim 22 additionally comprising a conductive

interface electrically connected to the layer of conductive composition and adapted to be

electrically connected to an external medical equipment.

24.  The biomedical electrode of claim 19 in which the composition comprises about
55 wt% to about 65 wt% of the humectant or the mixture of humectants and about 20

wt% to about 40 wt% of the copolymer, and the copolymer comprises, in polymerized

form, about 85 mol% to about 95 mol% of the first monomer and about 5 mol% to about

15 mol% of the second monomer.

25. The biomedical electrode of claim 17 in which the polymer 1s crosslinked by a

crosslinking agent.

26. The biomedical electrode of claim 25 in which the second monomer is a salt of 2-
acrylamido-2-methylpropane sultonic acid, and the pH of the conductive composition is

3.0 t0 6.5.

27. The biomedical electrode of claim 26 1n which the first monomer i1s a mixture of

acrylic acid and sodium acrylate, and the second monomer 1s sodium 2-acrylamido-2-

methylpropane sulfonate.

28.  The biomedical electrode of claim 27 in which the composition comprises about

55 wt% to about 65 wt% of the humectant or the mixture of humectants and about 20
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wt% to about 40 wt% of the copolymer, and the copolymer comprises, in polymerized
form, about 85 mol% to about 95 mol% of the tirst monomer, about 5 mol% to about 15
mol% of the second monomer, and about 0.01 wt% to about 1.0 wt% of a crosslinking

agent or mixture of crosslinking agents.

29.  The biomedical electrode of claim 28 in which the humectant is glycerol, sorbitol,

or a mixture thereof, and the electrolyte 1s sodium chloride.

30.  The biomedical electrode of claim 29 additionally comprising a conductive
interface electrically connected to the layer of conductive composition and adapted to be

electrically connected to an external medical equipment.

31.  The biomedical electrode of claim 25 in which the composition comprises about
55 wt% to about 65 wt% of the humectant or the mixture of humectants and about 20
wt% to about 40 wt% of the copolymer, and the copolymer comprises, in polymerized
form, about 85 mol% to about 95 mol% ot the first monomer and about 5 mol% to about

15 mol% of the second monomer.

32. A method for forming a conductive composition, the method comprising
the steps of:

a) preparing a pre-gel reaction mixture comprising:

about 33 wt % to about 68 wt % of a humectant;

about 1 wt % to about 8 wt % of an electrolyte;
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about 2 wt % to about 8 wt % sodium hydroxide;

about 18 wt % to about 45 wt % of a monomer mix, the monomer mix
comprising about 60 wt % to about 85% of acrylic acid, about 15 wt % to about
40 wt % of the sodium salt of 2-acrylamido-2-methylpropane sulfonic acid, in
which part of the acrylic acid i1s neutralized by the sodium hydroxide to form
sodium acrylate;

a polymerization initiator;

about 5 wt % to about 18 wt % water, exclusive of water formed by
the neutralization of the part of the acrylic acid by the sodium hydroxide; and

b) polymerizing the monomer mix to form a copolymer.

33.  The method of claim 32 1in which the pre-gel reaction mixture does not

comprise a crosslinking agent.

34.  The method of claim 33 1n which the pre-gel reaction mixture comprises
about 55 wt % to about 65 wt % of the humectant or the mixture of humectants

and about 20 wt % to about 40 wt % ot the monomer mix.

35.  The method of claim 34 in which the monomer mix comprises about 70 wt

% to about 80 wt % of the acrylic acid and sodium acrylate and about 20 wt % to

about 30 wt % of the sodium salt of 2-acrylamido-2-methylpropane sulfonic acid.
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36.  The method of claim 35 in which the humectant 1s glycerol and the

electrolyte 1s sodium chloride.

37.  The method of claim 32 in which the pre-gel reaction mixture comprises a

crosslinking agent.

38. The method of claim 37 in which the pre-gel reaction mixture_comprises

about 55 wt % to about 65 wt % of the humectant or the mixture of humectants

and about 20 wt % to about 40 wt % of the monomer mix.

39.  The method of claim 38 in which the monomer mix comprises about 70 wt

% to about 80 wt % of the acrylic acid and sodium acrylate and about 20 wt % to

about 30 wt % of the sodium salt of 2-acrylamido-2-methylpropane sulfonic acid.

40.  The method of claim 39 in which the humectant 1s glycerol and the electrolyte is

sodium chloride.
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