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(57) ABSTRACT 

The invention is an electrophysiology lead body comprising 
tWo or more longitudinal elements, each having an outer 
surface, the longitudinal elements comprising electrical insu 
lation material, the electrical insulation material consisting 
essentially of ?uoropolymer; at least one conductor disposed 
Within at least one of the longitudinal elements; and a cover 
consisting essentially of ?uoropolymer, Wherein the cover 
surrounds the longitudinal elements. 
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IMPLANTABLE ELECTROPHYSIOLOGY 
LEAD BODY 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to the ?eld of medical electri 
cal lead bodies for use With various implantable electronic 
sensing and stimulation devices such as cardiac pacemakers, 
implantable cardioverter de?brillators and neuro stimulators, 
and to the method of making such implantable lead bodies. 
[0002] Implantable medical electrical stimulation and/or 
sensing leads are Well knoWn in the ?elds of cardiology and 
neurology. Stimulation leads transmit therapeutic energy 
from an electrical pulse generator to the respective tissue or 
nerve. Sensing leads transmit electrical signals from tissue to 
a remote sensor. Common applications in cardiology include 
the treatment of various arrhythmia, (e.g. bradycardia, and 
tachycardia). Applications in neurology include the treatment 
Parkinson’s Disease, epilepsy, and chronic back pain. All 
such medical electrical leads are herein referred to as 
“Implantable Leads.” 
[0003] Implantable leads must have excellent mechanical 
integrity, electrical isolation betWeen circuits, biocompatibil 
ity, and must be ?exible enough to accommodate physiologic 
geometry. Implantable leads must also be durable enough to 
accommodate the repeated ?exure due to attachment and 
dynamic affects of anatomical features, e. g. a beating heart, a 
spinal cord, neck, a peripheral nerve, etc. 
[0004] Known leads for use With implantable electrical 
stimulation devices such as cardiac pacemakers, implanted 
de?brillators, and neurostimulation devices are typically con 
structed of a lead body having an electrode assembly at the 
distal end, and a connector assembly at the proximal end of 
the lead body to connect to a pulse generator. 
[0005] A lead body consists of at least one insulated elec 
trical conductor and an outer insulation layer of tubular form 
coaxially surrounding the electrical conductor. Current lead 
body constructions for cardiac and neurological applications 
generally fall into tWo categories, coaxial and multilumen 
designs. A coaxial lead body typically consists of one or more 
helically Wound coils, concentric to one another. Each coil is 
separated by a tubular form of insulation. 
[0006] Multilumen constructions typically consist of a sili 
cone extrusion With a desired cross section to house a com 

bination of helically Wound coils and conductors. In either 
coaxial or multilumen construction, a ?uoropolymer mate 
rial, such as Ethylene Tetra?uoroethylene (ETFE) is applied 
to the conductor materials. This material acts as a chemical 
barrier to help prevent metal ion oxidationia reaction of the 
metal conductors Which occurs from the release of hydrogen 
peroxide from macrophages. 
[0007] The implantable leads described above have several 
disadvantages. Due to the softness of silicone, lead bodies 
made from that material are prone to damage during implan 
tation and often fail (in-vivo) mechanically due to tearing, 
abrasion, and depression. Depression is a compressive force 
applied to the lead Which causes the material to fracture. 
Silicone leads may also result in cases of acute allergic 
responses in some patients. 
[0008] Polyurethane materials are frequently used as an 
alternative to silicone for added mechanical strength and 
loWer coef?cient of friction. Polyurethanes have been used in 
direct replacement of silicone and/ or as an outer covering, or 
sheath for leads. Polyurethane materials and the respective 
leads have been knoWn to fail due to environmental stress 
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cracking resulting from metal ion oxidation Which ultimately 
leads to material delamination. Such failures are knoWn to 
result in pieces of insulation being released into the blood 
stream creating a high risk of adverse affects, including 
ischemic stroke. 
[0009] Implantable lead Wires using insulation materials 
other than the conventional silicones and polyurethanes have 
also been suggested. US. Pat. No. 4,573,480 describes an 
implantable electrode lead body in the form of a helically 
Wound conductor having a tubular insulating layer surround 
ing the Wire in Which the tubular insulating layer is porous 
polytetra?uoroethylene (herein after PTFE) having a pore 
siZe limited to a maximum siZe described as “being essen 
tially impervious to body ?uids to prevent tissue ingroWt .” 
This patent also teaches that the tubular porous PTFE insu 
lating layer may alternatively be provided With an outer cov 
ering of smooth impervious material. 
[0010] As the design of implantable electrical leads has 
progressed, there has been a general trend toWard reduction in 
the diameter of the lead body, With further reduction desired. 
A lead of small body diameter may reduce the risk of internal 
trauma and infection, permit improved navigation through 
potentially tortuous geometry and simplify placement in 
small anatomical features. HoWever, maintaining adequate 
mechanical integrity, biocompatibility, and electrical perfor 
mance, Which remain critical for patient safety and device 
effectiveness, are increasingly dif?cult With reductions in 
diameter. 

SUMMARY OF THE INVENTION 

[0011] In one aspect, the invention is an electrophysiology 
lead body comprising tWo or more longitudinal elements, 
each having an outer surface, the longitudinal elements com 
prising electrical insulation material, the electrical insulation 
material consisting essentially of ?uoropolymer; at least one 
conductor disposed Within at least one of the longitudinal 
elements; and a cover consisting essentially of ?uoropolymer, 
Wherein the cover surrounds the longitudinal elements. 
[0012] According to another aspect, the invention includes 
an electrophysiology lead body comprising tWo or more lon 
gitudinal elements, the longitudinal elements comprising an 
electrical insulation material being less than about 0.003 
inches thick and having a voltage strength of at least about 
8000 VDC/mil; at least one conductor disposed Within one of 
the longitudinal elements; and a cover surrounding the lon 
gitudinal elements, in Which the electrophysiology lead body 
has a bending stiffness of less than about 10 g. 

[0013] In yet another aspect, the invention provides an elec 
trophysiology lead body comprising: tWo or more longitudi 
nal elements, the longitudinal elements comprising an elec 
trical insulation material being less than about 0.003 inches 
thick and having a voltage strength of at least about 8000 
VDC/mil; at least one conductor disposed Within one of the 
longitudinal elements; and a cover surrounding the longitu 
dinal elements, in Which the electrophysiology lead body has 
a bending radius of less than 0.5 inches. 

[0014] In still another aspect, the invention comprises an 
electrophysiology lead body comprising tWo or more longi 
tudinal elements, the longitudinal elements comprising an 
electrical insulation material being less than about 0.003 
inches thick and having a voltage strength of at least about 
8000 VDC/mil; at least one conductor disposed Within one of 
the longitudinal elements; and a cover surrounding the lon 
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gitudinal elements, in Which the electrophysiology lead body 
has a bending stiffness of less than about 10 g 
[0015] In another aspect, the invention provides an electro 
physiology lead body comprising tWo or more longitudinal 
elements each having an outer surface, the longitudinal ele 
ments comprising an electrically insulating material having a 
matrix tensile strength of at least 10,000 psi in at least one 
orthogonal direction; a conductor disposed Within at least one 
of the longitudinal elements; and a cover surrounding the 
longitudinal elements, the cover comprising insulation mate 
rial having a matrix tensile strength of at least 10,000 psi in at 
least one orthogonal direction. 

DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shoWs a perspective vieW of implantable lead 
of the present invention having three longitudinal elements: a 
lumen and tWo insulated conductors. 
[0017] FIG. 2 shoWs a perspective vieW of a lead body in 
accordance With the present invention Wherein the longitudi 
nal elements include electrically insulated conductors heli 
cally Wrapped around a lumen. 
[0018] FIG. 3 shoWs a helically Wound conductor coil dis 
posed Within the lumen of a lead body in accordance With one 
aspect of the invention. 
[0019] FIG. 4 shoWs a cross section of an alternative 
embodiment Wherein the tWo longitudinal elements are insu 
lated conductors. 
[0020] FIG. 5 shoWs another aspect of the invention, shoW 
ing an electrophysiology lead body disposed Within a sheath. 
[0021] FIG. 6 shoWs in cross-section another aspect of the 
invention, in Which an all ?uoropolymer lead body includes 8 
conductors disposed around a lumen. 
[0022] FIG. 7 shoWs the test apparatus for measuring bend 
ing radius. 
[0023] FIG. 8 re?ects the test apparatus for measuring 
bending stiffness. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] One embodiment of the implantable electrophysiol 
ogy lead body according to the present invention is depicted 
in FIG. 1 and includes at least tWo longitudinal elements. At 
least one longitudinal element (12, 12a) is an insulated con 
ductor comprising a conductive material (13, 13a) and an 
electrically insulating ?uoropolymer material (15, 15a) 
coaxially covering the conductive material. Optionally, the 
lead body may include other longitudinal or essentially par 
allel elements, such as one or more holloW tubes or lumen, 
Wires, guide Wires, ?bers and the like (each a “longitudinal 
element”). Longitudinal elements comprise ?uoropolymer 
insulation material and can have any cross-sectional shape, 
including but not limited to pro?les that are circular, oval, 
triangular, square, polygon shaped or random shaped. 
[0025] The term “essentially parallel” as applied to more 
than one longitudinal element, includes a “side-by-side” rela 
tionship (as shoWn in FIG. 1, as Well as con?gurations that 
have longitudinally extending elements in a helical or 
“tWisted” relationship as shoWn in FIG. 2 and described 
beloW. 
[0026] Fluoropolymer insulation materials useful in the 
present invention have both high tensile strength and high 
dielectric or voltage strength. The high tensile and dielectric 
strength of the materials enables the use of very thin layers so 
that lead bodies according to the present invention can be 
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surprisingly small. The highly ?exible lead bodies have small 
bending radii and are substantially kink-resistant. 
[0027] The ?uoropolymer insulation materials are prefer 
ably constructed from a thin tape made from ?uoropolymer 
?lm. Suitable ?uoropolymer ?lms include, for example, ?u 
orinated ethylene propylene (FEP), ethylene tetra?uoroeth 
ylene (ETFE) and chemical modi?cations thereof such as 
EFEP (available from Daikin America, Inc., under the trade 
mark NEOFLON), per?uoro alkoxy resin (PFA), ?uoroelas 
tomers, etc. Porous ?uoropolymers, optionally provided With 
a thin, non-porous coating, may be advantageously used 
because of their excellent ?exibility. Preferably, the ?uo 
ropolymer ?lm is ePTFE. Suitable ePTFE ?lms can be made 
as taught by US. Pat. Nos. 3,953,566 and 4,187,390 to Gore 
and US. Pat. No. 5,476,589 to Bacino. Such ?uoropolymer 
?lms are generally porous, ?exible, and strong. 
[0028] Mo st preferably, hoWever, the ?uoropolymer ?lm is 
a composite comprising at least one layer of non-porous 
ePTFE. Non-porous ePTFE is commercially available in tape 
form from W.L. Gore & Associates, NeWark, Del. Such non 
porous ePTFE is biocompatible and combines dielectric 
strength of up to 8000 Vdc/mil With exceptional mechanical 
performance. These tapes are also characteriZed by high ten 
sile strength and excellent abrasion and compression resis 
tance. Tapes useful in the present invention have a matrix 
tensile strength of at least about 10,000 psi in one orthogonal 
direction. 
[0029] The ?uoropolymer ?lm may advantageously be pro 
vided With a porous or non-porous coating of a thermoplastic 
such as a thermoplastic ?uoropolymer, preferably ?uorinated 
ethylene propylene (FEP). Thus, the ?lm may also comprise 
a ?uoropolymer laminate. Lamination can be achieved by 
adhering or co-j oining other ?lms, e.g., by thermally, chemi 
cally or mechanically bonding ePTFE to other materials. 
Speci?cally, the laminate includes one or more ?uoropoly 
mer sheets or ?lms such as FEP, EFEP, PFA, PTFE, THV and 
other suitable ?uoropolymers. Laminates comprising ePTFE 
and FEP ?lms are taught in US. Pat. No. 6,159,565, to Camp 
bell et al. commonly assigned hereWith. 
[0030] It may also be desirable to modify the ?uoropolymer 
?lms used in the present invention by providing various ?ll 
ers, also referred to as additives, to the ?lm. In the case of 
porous polymers such as ePTFE ?lm, ?llers can be imbibed 
into the porosity of the ?lm by knoWn methods, such as the 
methods taught by US. Pat. No. 5,879,794, to Korleski. Suit 
able ?llers include, for example, ?llers in particulate and/or 
?ber form and can be elastomers, ceramics, metals, metal 
loids, carbon, and combinations thereof. Particularly useful 
?llers include, for example, radiopaque materials, such as 
certain metals (e.g. barium alloys) and carbon. The ?llers can 
be used in combination With desired adhesive materials When 
imbibed into the porosity of the polymer ?lm. It may also be 
desirable to metaliZe the ?lm or at least a portion thereof. 

[003 1] A ?ller may be included in the matrix of the polymer 
itself, or contained Within the voids de?ned by the polymeric 
structure, or both. Desirable ?llers may also include colo 
rants, medicants, anti-microbials, antibiotics, antibacterial 
agents, anti-in?ammatory agents, hemostatic agents, analge 
sics, elastomers and mixtures thereof. 
[0032] The ?uoropolymer insulation material is advanta 
geously tape-Wrapped around a conductor to form an insu 
lated conductor. The tape may be Wrapped either longitudi 
nally or helically. For example, an insulated conductor useful 
in the present invention may be made by longitudinally Wrap 
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ping (or “Cigarette Wrapping”) one or more layers of non 
porous expanded PTFE ?lm about a conductor. The ?lm 
should be of length at least equal to the desired length of the 
conductor, and of adequate Width to alloW the ?lm to be fully 
Wrapped around the conductor surface thereby resulting in a 
tubular insulative covering of longitudinally oriented ?lm. 
Alternatively, the ?lm may be of adequate Width to alloW 
Wrapping at least tWice around the surface of the conductor if 
desired, thereby resulting in at least tWo layers of ?lm. Pref 
erably, the tape may be Wrapped helically With successive 
Wraps in the same or opposite directions. Combinations of 
helical and longitudinal Wrapping may also be advanta 
geously used. 
[0033] Lead bodies of the present invention may include 
other longitudinal elements such as a lumen. A lumen may be 
made from a variety of thin, ?exible ?uoropolymer materials 
in tape form. Porous ?uoropolymers, optionally provided 
With a thin, non-porous coating, may be advantageously used 
because of their excellent ?exibility. A ?uoropolymer lumen 
is preferably made by Wrapping a porous expanded PTFE 
(ePTFE) tape that has been provided With a porous or non 
porous coating of a thermoplastic ?uoropolymer as described 
previously, around a mandrel. More preferably, the lumen is a 
composite, constructed by Wrapping tapes of porous 
expanded PTFE and non-porous ePTFE. 
[0034] The thin-Walled tubular lumen is most preferably 
made from an PEP-coated non porous ePTFE ?lm that has 
been cut into a tape and helically Wrapped on a mandrel With 
the Fluoropolymer adhesive placed on the exterior of the 
Wrapping. The non porous ePTFE layer is then covered With 
a porous ePTFE. 

[0035] The helically-Wrapped mandrell is then placed into 
an oven for a suitable time to thermally bond the overlapped 
edges of the helical Wrapping together, thereby forming a 
tube. After removal from the oven and cooling, the resulting 
tube is removed from the mandrel. 

[0036] The insulated conductors may include solid metal 
conductors, having a round or ?at cross section, coils of 
stranded Wires or draWn ?lled tubular conductors Wrapped 
With ?uoropolymer insulation material. 
[0037] The conductive metals that are useful are Well 
knoWn in the art and may include any bio-compatible and 
biostable electrically conductive material that is fatigue and 
corrosion resistant such as gold, silver, stainless steel, plati 
num and platinum alloys, titanium and titanium alloys, tan 
talum, cobalt alloys, copper alloys, silver alloys and magne 
sium nickel alloys and combinations thereof. High density 
material, such as platinum or platinum alloys may be used to 
enhance ?uoroscopy visibility of the lead body. MP35N, a 
Nickel-Cobalt base alloy that has ultra high strength, and 
toughness is preferred. The conductors may have surfaces of 
base metal or may be polished, etched or textured. 

[0038] The conductors preferably include stranded Wires of 
highly ?exible, electrically conductive ?laments of small 
diameter. In a preferred embodiment, the conductor is com 
posed of peripheral strands, Which are arranged around a 
central strand. The strands are tightly bundled in a cable-like 
fashion to form the conductor. HoWever, it should be under 
stood that any number of strands, or even a single strand, can 
be used to form the conductor of the present invention. 

[0039] The outer diameter of the conductor preferably 
ranges from betWeen about 0.001 inch to about 0.013 inch, 
and diameters of about 0.002 to about 0.006 inch are most 
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preferred. It should, hoWever, become apparent to those 
skilled in the art that the outer diameter can exceed 0.013 
inch. 

[0040] The conductors are covered With ?uoropolymer 
electrical insulation material. The insulation thickness is pref 
erably kept to a minimum, While still providing adequate 
voltage strength. Preferably, the ?uoropolymer electrical 
insulation is in the form of a Wrapped tape. Suitable insulated 
conductors comprising a standard MP35N conductor and 
non-porous ePTFE insulation material in thicknesses of as 
loW as about 0.0005 inch are available in a variety of forms 
from W.L. Gore and Associates, Inc., NeWark, Del. 
[0041] The longitudinal elements are surrounded by an 
electrically insulative ?uoropolymer cover. The cover not 
only provides electrical insulation, but also provides strength 
and kink resistance to the lead body. In a preferred aspect, an 
electrically insulative ?uoropolymer cover comprises non 
porous ePTFE. More preferably, the cover comprises at least 
one layer of porous ePTFE and at least one layer of non 
porous ePTFE. 

[0042] Although any suitable ?uoropolymer ?lm can be 
used (such as the ?lms comprising the ?uoropolymers men 
tioned above) in combination With any suitable adhesive 
(such as those mentioned above) if an adhesive is desired, 
non-porous ePTFE provided With a coating of PEP is particu 
larly preferred. The non-porous ePTFE (or other ?uoropoly 
mer ?lm) can be cut into a tape and Wrapped about the lon 
gitudinal elements. The ?uoropolymer adhesive can either 
face toWard the elements, aWay from the elements, or be 
provided on both sides of the ePTFE ?lm. 

[0043] The ?uoropolymer cover may advantageously be an 
ePTFE composite comprising non-porous ePTFE and porous 
ePTFE. The non-porous ePTFE layer contributes to high 
dielectric and mechanical and voltage strength to the lead 
body, While the porous ePTFE layer contributes to kink resis 
tance. Preferably, the porous ePTFE layer surrounds the non 
porous layer. More preferably, the cover is in the form of a 
?rst helically Wrapped non-porous ePTFE tape having a 
matrix tensile strength of at least 10,000 psi and a second 
helically Wrapped porous ePTFE tape layer positioned over 
the ?rst layer. 
[0044] For example, the ?rst layer of the cover may com 
prise laminated tape of non-porous ePTFE and a thermoplas 
tic that is preferably a non-porous thermoplastic ?uoropoly 
mer such as FEP. The laminated tape may be helically applied 
With overlapping edges and With the nonporous ePTFE ori 
ented outWardly, and the thermoplastic oriented toWards the 
conductor group. The second layer of the cover may comprise 
an expanded PTFE ?lm that has been provided With a porous 
or non porous thermoplastic coating. The second layer is 
preferably Wrapped around the ?rst layer With the thermo 
plastic material oriented to the inside. 

[0045] Multiple layers of thin tape Wrapping provide 
greater ?exibility When compared to feWer layers of thick 
tape. Preferably, the high strength non-porous ePTFE tape is 
less than about 0.001 inches thick, more preferably the tape is 
less than about 0.0005 inches thick, and most preferably, less 
than about 0.0002 inches thick. The high strength tape lami 
nate is advantageously Wrapped With an overlap to achieve a 
thickness of about 0.0002 inches to about 0.003 inches. A 
thicker cover may yield greater dielectric strength and a stron 
ger lead body, but Will increase the lead body diameter and 
stiffness. 
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[0046] In one aspect, the ICD lead body may be at least 
partially disposed Within a sheath. As used herein, a “sheat ” 
is a ?exible tubular member intended to improve the physical 
characteristics of the lead body or to add functionality to it. A 
sheath may be used to improve the stiffness, tactile feel, 
friction or other physical characteristic, or promote an 
enhanced tissue response. For example, the sheath may be 
adapted for use as a drug or chemical delivery device. A 
sheath may be constructed of conventional materials such as 
silicone and polyurethane and may be constructed by mold 
ing or extruding methods knoWn in the art. Preferably, hoW 
ever the sheath consists essentially of ?uoropolymer and is 
constructed by the tape Wrap process described above. The 
sheath may consist of a ?uoropolymer composite, including 
porous and nonporous ePTFE. The sheath may consist of a 
?uoropolymer imbibed With an elastomer. 
[0047] Further variations of the inventive leads Will be 
appreciated by the skilled artisan. By providing a tape Wrap 
about the outer surfaces of tWo or more longitudinal elements, 
it is possible to obtain a secure construction of dissimilar 
elements. Moreover, such longitudinal elements can be 
assembled Without fusing, bonding or adhering the materials, 
Which reduces lead body stiffness. 
[0048] Turning to the Figures, shoWn in FIG. 1 is an elec 
trophysiology lead body 10 having tWo longitudinally 
extending insulated conductors (12, 12a) and a ?uoropolymer 
composite lumen 14 joined together, in an essentially parallel 
fashion, by an exterior polymer tape Wrap cover 16. This 
tape-Wrapped construction also alloWs tWo or more longitu 
dinal elements to be joined together to form a more complex 
assembly. Advantageously, the longitudinal elements and 
cover can be combined Without bonding the elements 
together or to the cover. The ?uoropolymer ?lm cover 16 is 
Wrapped in an overlapping helical pattern. The ?lm cover 16 
is shoWn in contact With the exterior or outer surface of the 
insulated conductors 12, 12a and the lumen 14. 

Example 1 

[0049] An all-?uoropolymer lead body suitable for cardiac 
implantation as shoWn in FIG. 1 Was constructed in the fol 
loWing manner: 
[0050] A thin-Walled ?uoropolymer composite lumen 14 
Was ?rst constructed. The lumen in this example comprised a 
?uoropolymer laminate having an inner layer (18) of nonpo 
rous ePTFE and an outer layer (20) of porous ePTFE. Non 
porous ePTFE ?lm of thickness equal to about 0.0005 inches, 
Which Was provided With a non-porous coating of PEP on one 
side, Was cut into tape 0.185 inches Wide. The non-porous 
ePTFE ?lm has a bulk density of about 2.1 g/cc. After cutting 
the coated ?lm into a tape, the tape Was Wrapped on a 0.040 
inch diameter silver plated copper mandrel in an overlapping 
fashion With the FEP coated side of the tape facing aWay from 
the mandrel. The tape Was Wrapped at a pitch of about 20 
degrees and overlapped about 25 percent. During Wrapping, 
the tape Was tensioned at 600 grams. 
[0051] Porous ePTFE tape Was Wrapped around the non 
porous ePTFE tape layer. A 0.001 inch thick porous ePTFE 
?lm having a bulk density of about 0.9 g/cc Was cut into a 
narroW tape having a Width of 0.260 inches. The tape Was 
Wrapped at a pitch of about 20 degrees at a tension of approxi 
mately 650 grams. By overlapping each successive Wrap by 
about 50 percent, a ?nal porous ePTFE Wrap thickness of 
0.002 inches Was achieved. The total lumen Wall thickness 
Was about 0.003 inches. The Wrapped mandrel Was then 
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heated in a convection oven set at about 3900 C. for 5 minutes 
to melt-bond the tWo helically-Wrapped ?uoropolymer layers 
together. 
[0052] The longitudinal elements also include tWo insu 
lated conductors (12, 12a) comprising 0.006 inch diameter 
MP35N stranded conductors (15, 1511) With 0.001 inch thick 
?uoropolymer insulation (13, 1311) obtained from W. L. Gore 
& Associates, such as part number MCN1162. The ?uo 
ropolymer insulation had a voltage strength of at least about 
8000 Vdc/mil. The insulated conductors (12, 1211) were 
placed adjacent to the lumen (14), With their axes roughly 
parallel. 
[0053] The insulated conductors and ?uoropolymer lumen 
Were Wrapped With non-porous ?uoropolymer tape to form a 
cover (16). The cover Was created by helically Wrapping 
non-porous ePTFE tape laminate around the longitudinal ele 
ments. A 0.0005 inch thick ePTFE ?lm coated on one side 
With FEP Was ?rst cut into a 0.225 inch Wide tape. The tape 
Was Wrapped around the conductors and lumen With the Fluo 
ropolymer adhesive to the outside of the Wrap. The Wrap 
angle Was approximately 20 degrees and the tape tension Was 
300 g. Each Wrap Was overlapped approximately 25 percent 
by the succeeding Wrap, resulting in a ?nal thickness of the 
single Wrap of about 0.00075 inches. After Wrapping the 
cover, the lead body assembly Was placed in a 390 degree 
oven for approximately 4 minutes. The mandrel Was then 
removed from the assembled lead body. 
[0054] Although in FIG. 1 the insulated conductors are 
shoWn to be substantially parallel to the lumen, other con 
structions and orientations are made possible by the tape Wrap 
construction method. For example, the conductors may be 
helically Wrapped around the lumen as shoWn in FIG. 2. 
Helical Wrapping may further improve the uniformity of the 
bending properties of the ?nished lead body. 
[0055] Furthermore, although the insulated conductors are 
shoWn to be similar in the ?gures, having substantially the 
similar inner and outer diameters, and as having substantially 
circular cross sections, it should be understood that these 
elements can be provided in a variety of siZes and shapes. For 
example, one conductor could have a much smaller outer 
diameter, inner diameter, or both, as compared to the second 
conductor. In another construction, additional longitudinal 
elements could be constructed Within the cover, such as an 
additional lumen siZed to accept a guideWire in a sliding 
relationship, or additional insulated conductors. Moreover, 
by appropriately choosing the orientation of the FEP side of 
the ?uoropolymer tape, the elements may be bonded together 
and/ or bonded to the cover. 

Example 2 

[0056] A second lead body, constructed using techniques 
similar to those of Example 1. HoWever, this lead body is 
smaller and may be suitable for use in neurologic applica 
tions.As in Example 1, the leadbody comprises tWo insulated 
conductors (12, 1211), but in this example, depicted in FIG. 2, 
the conductors are helically Wrapped around a ?uoropolymer 
lumen (14). These longitudinal elements are then covered 
With a ?uoropolymer tape Wrapping (16). 
[0057] A 0.020 inch inner diameter lumen (14) Was con 
structed by Wrapping a silver plated copper mandrel With 
porous and non-porous ?uoropolymer tape to construct a 
composite ?uoropolymer tube. The lumen had an inner layer 
of non-porous ePTFE tape and an outer layer of porous 
ePTFE tape. The tWo-layer construction had a total Wall 
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thickness equal to 0.001 inches. First, a 0.0005 inch thick, 
0.050 inch Wide, non-porous ePTFE tape Was Wrapped at an 
angle of approximately 20 degrees around the mandrel at a 
tension of 175 grams With a 25 percent overlap. The tape had 
an Fluoropolymer adhesive oriented toWard the outside of the 
Wrap. Next, an 0.0002 inch thick porous ePTFE tape having a 
Width of approximately 0.095 inches Was Wrapped at a 20 
degree angle and overlapped about 25 percent With approxi 
mately 400 grams of tension to create a 0.0003 inch outer 
layer. The tape covered mandrel Was heated in an oven set at 
approximately 3900 for ?ve minutes. 

[0058] The insulated conductors (12, 1211) used in this 
example Were stranded Wires having a diameter of 0.003 
inches. The conductors Were covered by a 0.0005 inch layer 
of ?uoropolymer insulation and obtained from W.L. Gore & 
Associates. The insulated conductors Were helically Wrapped 
around the lumen at a pitch of 40 degrees. 

[0059] The insulated conductors and ?uoropolymer lumen 
Were Wrapped With non-porous ?uoropolymer tape to form a 
cover (16). A 0.0005 inch thick ePTFE ?lm coated on one side 
With FEP Was ?rst cut into a 0.228 inch Wide tape. The tape 
Was Wrapped around the longitudinal elements With the Fluo 
ropolymer adhesive to the outside of the Wrap. The Wrap 
angle Was approximately 20 degrees and the tape tension Was 
500 g. Each Wrap Was overlapped approximately 50 percent 
by the succeeding Wrap, resulting in a ?nal cover thickness of 
about 0.0015 inches. After Wrapping the cover, the lead body 
assembly (10) Was placed in a 390 degree oven for approxi 
mately 2 minutes. The mandrel Was then removed from the 
assembled lead body. 

Example 3 

[0060] An elastic lead body can be constructed by using 
porous ePTFE tape in Which at least some of the porosity is 
?lled With an elastomer such as silicone or urethane. As used 
herein, an elastic lead body means a lead body that Will 
deform at least 3% in the direction of an applied load and 
return to its un-deformed state upon removal of such load. 
Methods of preparing ?lled or imbibed ePTFE ?lms are 
taught in Us. Pat. No. 6,673,455, and Us. Pat. No. 6,451, 
396, to Zumbrum et. al and are incorporated herein by refer 
ence. 

[0061] A thin-Walled lumen Was ?rst constructed. The 
lumen comprised a ?uoropolymer laminate having layers of 
porous ePTFE imbibed With silicone. Porous ePTFE ?lm of 
thickness equal to about 0.001 inches Was cut into a 0.2 inches 
Wide tape. The tape Was then Wrapped on a 0.016 inch diam 
eter silver plated copper mandrel in an overlapping fashion. 
The tape Was Wrapped at a pitch of about 25 degrees and 
overlapped about 75 percent. During Wrapping, the tape Was 
tensioned at 200 grams. Next, a 0.001 inch thick imbibed 
ePTFE ?lm Was cut into a narroW tape using a slit Width of 
0.25 inches. The tape Was Wrapped over the ?rst pass of tape 
at a pitch of about 25 degrees at a tension of approximately 
225 grams. An overlap of 75 percent achieved, a ?nal Wrap 
thickness of 0.003 inches. The total lumen Wall thickness Was 
about 0.003 inches. The mandrel Was then heated in a con 
vection oven set at approximately 1500 C. for 2 minutes to 
cure the tWo helically-Wrapped imbibed ?uoropolymer layers 
together. 
[0062] As in Example 2, eight 0.003 inch diameter MP35N 
stranded conductors With 0.0005 inch thick ?uoropolymer 
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insulation Were obtained for the insulated conductor group. 
The conductor group Was again Wrapped helically around the 
?uoropolymer lumen. 
[0063] The insulated conductors and ?uoropolymer lumen 
Were Wrapped With porous, silicone-?lled ?uoropolymer tape 
to form a cover. The cover Was created by helically Wrapping 
porous, silicone-imbibed ePTFE tape around the insulated 
conductors and the lumen. A 0.001 inch thick ePTFE ?lm Was 
?rst cut into a 0.2 inch Wide tape. The tape Was Wrapped 
around the conductors and lumen. The Wrap angle Was 
approximately 25 degrees and the tape tension Was 200 g. An 
overlap of 75 percent resulted in a layer thickness of about 
0.001 inches. Next, a 0.001 inch thick imbibed ePTFE ?lm 
Was cut into a narroW tape using a slit Width of 0.25 inches. 
This tape Was cross Wrapped over the ?rst pass of tape at a 
pitch of about 25 degrees and an overlap of 75 percent at 225 
grams of tension to achieve a layer thickness of 0.003 inches. 
After Wrapping the cover, the lead body assembly Was placed 
in a 1500 C. oven for approximately 5 minutes to alloW curing 
of the layers. The mandrel Was then removed from the 
assembled lead body. 

Example 4 

[0064] An 1CD lead body Was constructed in accordance 
With the procedures described in Example 1. The lead body 
Was then inserted into an all-?uoropolymer composite sheath 
as shoWn in FIG. 5. The sheath Was constructed in the folloW 
ing manner 
[0065] A 0.001 inch thick ePTFE ?lm Was cut to 0.375 
inches Wide. The tape, Was Wrapped over a 0.055 inch diam 
eter silver plated copper mandrel or the lead body as 
described in example 1 at approximately 25 degrees With a 50 
percent overlap. The tape Was Wrapped With the adhesive 
facing out under a tension of 750 grams resulting in a thick 
ness layer of 0.002 inches. The secondpass of the outer sheath 
consisted of a 0.001 inch thick ePTFE ?lm cut into a slit Width 
of 0.530 inch Wide. The second pass of tape Was cross 
Wrapped over the ?rst pass at an angle of 25 degrees With a 75 
percent overlap and a tension of approximately 1100 grams. 
This resulted in a layer thickness of 0.003 inches. A third pass 
of 0.0005 inch thick non-porous ePTFE, With a coating of 
PEP on one side, Was slit into a Width of approximately 0.560" 
Wide and Wrapped at an angle of 20 degrees With a 75 percent 
overlap and a tension of approximately 800 grams resulting in 
a layer thickness of 0.0015 inches. The FEP coating Was 
facing toWard the inside. The tension on the tape Was approxi 
mately 700 grams. The non-porous ePTFE ?lm had a bulk 
density of about 2. 1 g/ cc. The ?nal construction Was placed in 
a convection oven set at about 390 degrees Celsius for about 
3 minutes. The construction Was then removed from the man 
drel (if a mandrel Was used) and placed over the lead body as 
described in example 1. 

Example 5 

[0066] In yet another example an 1CD lead body Was con 
structed having 8 conductors helically Wrapped around a 
?uoropolymer lumen (14). The lead body cross section is 
depicted in FIG. 6. First, a ?uoropolymer lumen Was con 
structed in the same manner as Example 2. Eight insulated 
conductors Were then Wrapped around the lumen in a helical 
fashion. The insulated conductors Were stranded Wires having 
a diameter of 0.003 inches and Were covered by a 0.0005 inch 
layer of ?uoropolymer insulation and obtained from W.L. 
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Gore & Associates. The insulated conductors Were helically 
Wrapped around the lumen at a pitch of 40 degrees. The 
insulated conductors and ?uoropolymer lumen Were Wrapped 
With non-porous ?uoropolymer tape to form a cover as 
described in Example 2. 
[0067] The lead bodies of the present invention are pro 
duced as described above and comprised almost entirely of 
ePTFE, therefore, biocompatability is excellent. Further 
more, a small bending radius can be easily achieved, and the 
?exibility is excellent. Moreover, in the preferred lead body 
of the present invention, the insulation material and cover are 
comprised of a non-porous ePTFE structure. Therefore, ?lm 
defects such as pinholes are less likely to occur, and the 
dielectric strength is exceptional. When the lead body of the 
present invention is subjected to a small bending radius, for 
example, bending at a radius of 10 mm, excellent ?exibility 
and elasticity are achieved, and even With repeated bending, 
kinking does not occur. 

[0068] The lead bodies may incorporate other elements 
Without departing from the spirit of the invention. The com 
posite construction techniques alloW for great ?exibility in 
the design of the lead bodies. Commonly, for example the 
lead Will include a conductor coil (30) disposed Within the 
?uoropolymer lumen, as depicted in FIG. 3. Other lead bodies 
may include only insulated conductors as longitudinal ele 
ments. For example, FIG. 4 shoWs an inventive lead having 
only tWo insulated conductors (12, 12a) covered by a ?uo 
ropolymer Wrapping (16). The stranded conductors (13) are 
Wrapped With ?uoropolymer insulation (11) and contained 
Within a ?uoropolymer cover 16. 

Test Methods 

Bending Radius 

[0069] Samples are evaluated to determine their minimum 
bend radius. The test Was conducted as folloWs: 

[0070] A sample Was cut With a minimum length of 6 times 
the target bending radius. As shoWn in FIG. 7, the ends of the 
sample lead body (10) are placed in constraining devices (40, 
4011), Which provide a fully ?xed end condition for the sample 
(i.e. Zero rotational or translational freedom). The sample 
length betWeen the constraining devices is equal to at least 5 
times the target radius. The sample Was bent 180 degrees such 
that the ends of the lead body Were separated by a distance 
equal to the target radius. The sample is examined for visible 
kinking. The sample is said to have met the target bend radius 
if no sign of kinking appears. 

Bending Stiffness 

[0071] The stiffness is characterized by the force necessary 
to de?ect a sample lead body. The bending stiffness of the 
inventive ICD lead body Was determined through the use of a 
special test ?xture is depicted in FIG. 8 and FIG. 8a. The 
?xture provides a means for bending a lead body to a prede 
termined initial condition. The lead body is then de?ected to 
a ?nal position. The force necessary to de?ect the lead body 
from its initial position to the ?nal position is the lead body 
stiffness and is measured in grams. 

[0072] The test ?xture comprises a base (70) having tWo 
guide blocks (66, 66a) and tWo end blocks (71, 71a). The 
guide blocks (66, 66a) contain guide channels in Which the 
lead body moves. The end blocks (71, 71a) ?x the ends of the 
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lead body during the test. The test ?xture is prepared by 
placing a 1A inch diameter pin (60) betWeen the tWo guide 
blocks (66,6611). 
[0073] The lead body (10) is passedthrough holes (74, 74a) 
in end blocks and through guide channels (64). A ?rst end of 
the lead body (10) is ?xed by tightening a set screW (72, 72a) 
installed in the ?rst end block (71). The opposite end of the 
lead body is tensioned until the lead body just contacts the pin 
(60) and then a second mounting screW (76a) is tightened. 
[0074] Next, the pin (60) is removed. In this Way, a bend is 
formed in the center of the lead body. The ?xture is then 
placed on a calibrated electronic scale (not shoWn) and the 
scale is Zeroed. The lead body is then pressed doWnWard from 
the top of the arch With a screW drive plunger (62). The 
plunger (62) has an indexing pin (not shoWn) or is otherWise 
adapted to prevent lateral movement of the lead body during 
movement. The lead body is depressed until it just makes 
contact With the base (70) of the test ?xture. The bending 
stiffness, in grams, is read directly from the electronic scale. 

Matrix Tensile Strength 

[0075] Matrix tensile strength of ePTFE materials includ 
ing ePTFE ?lms is measured using an INSTRON tensile 
testing machine With pneumatic cord and yarn grip jaWs. The 
machine tested 0.25 inch Wide samples using a 1 inch jaW 
separation distance and a crosshead speed of 10 inches/ 
minute. Matrix tensile strength of porous PTFE samples is 
determined by the formula: 

(2.2 gccxtensile strength)/density of tested material, 

Where 2.2 g/cc is taken to be the density of non-porous PTFE. 

Voltage Strength (Dielectric Strength) 
[0076] The folloWing protocol Was used to characterize the 
dielectric strength of an individual Insulated Conductor: 
[0077] An insulated conductor specimen of about 15 cm is 
prepared and arranged such that the insulation material(s) are 
in direct contact With a saline preconditioning and test bath. 
For example, assemblies comprised of more than one insu 
lated conductor a specimen had any outer coverings, jackets, 
or components, not intended to provide electrical insulation 
removed such that the appropriate insulation material(s) are 
in direct contact With the preconditioning and test baths. 
Specimens Were preconditioned using a saline precondition 
ing bath of approximately 9 g/l saline at 37° C.+/—5o C. for a 
minimum of 10 days. Immediately prior to testing, each 
specimen Was rinsed in distilled or deioniZed Water, then 
Wiped free of surface Water. After preconditioning, specimens 
Were not alloWed to dry. 
[0078] The specimens Were immersed in a test bath con 
sisting of approximately 9 g/l saline at 37° C.+/—5o C. The 
specimens Were placed not less than 50 mm nor more than 
200 mm from a metal reference electrode plate. The electrode 
reference plate had a minimum surface area of 500 mm2. Care 
Was taken to ensure that the electrodes, Wire ends and termi 
nals are electrically isolated from the test bath. All exposed 
metal surfaces Were kept at least 20 mm from the surface of 
the test bath. 
[0079] The electrical continuity of each conduction path 
Was ?rst veri?ed by measuring the DC resistance using a 
resistance meter, such as a Fluke 189 digital multimeter 
(Fluke Corporation, Everett, Wash.). The DC voltage strength 
of insulation Was tested for each insulated conductor. A test 
voltage Was applied to one insulated conductor and the leak 
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age rate Was measured between that insulated conductor and 
the reference electrode. The leakage rate betWeen the insu 
lated conductor carrying the test voltage and all other insu 
lated conductors Was also measured. 
[0080] An electrical safety analyZer such as the QuadTech 
Guardian 6000 (Quadtech, lnc., Maynard, Mass.) series 
testers Was used to apply the test voltage, and to measure 
leakage current. The full test voltage Was attained Within 0.1 
to 5 seconds of test initiation and Was maintained for at least 
15 seconds. 
[0081] Insulated conductor insulation passed the voltage 
strength test only if it met the folloWing criteria: 1) The 
leakage current measured betWeen each insulated conductor 
and the reference electrode Was less than or equal to 2 mA; 2) 
The leakage current measured betWeen any tWo insulated 
conductors does not exceed 2 mA. The lumen electrical insu 
lation test required that the leakage betWeen the inner and out 
surfaces of the lumen Was less than or equal to 2 mA. 

TEST RESULTS 

Lead Body Lumen 
Voltage Minimum Bending Bending Voltage 
Strength Radius Stiffness Strength 

(Min. Vdc) (inches) (grams) (Min. Vdc) 

Example 1 8,000 VDC 1/2 10 3,500 
Example 2 4,000 VDC 3/16 4 3,500 
Example 3 4,000 VDC ‘A; 5 10,000 
Example 4 8,000 VDC 1/2 10 3,500 
Example 5 4,000 VDC 1%; 6 3,500 

[0082] While particular embodiments of the present inven 
tion have been illustrated and described herein, the present 
invention should not be limited to such illustrations and 
descriptions. It should be apparent that changes and modi? 
cations may be incorporated and embodied as part of the 
present invention Within the scope of the folloWing claims. 
[0083] The disclosure of US. application Ser. No. 11/269, 
51 1, ?led Nov. 7, 2005, is incorporated herein by reference in 
its entirety. 

The invention claimed is: 
1. An electrophysiology lead body comprising: 
a) tWo or more longitudinal elements, each having an outer 

surface, said longitudinal elements comprising electri 
cal insulation material, said insulation material consist 
ing essentially of ?uoropolymer; 

b) at least one conductor disposed Within at least one of said 
longitudinal elements; and 

c) a cover, said cover consisting essentially of ?uoropoly 
mer, Wherein said cover surrounds said longitudinal ele 
ments. 

2. The electrophysiology lead body of claim 1, in Which the 
conductor comprises a helical coil. 

3. The electrophysiology lead body of claim 1, in Which 
said insulation material comprises ePTFE. 

4. The electrophysiology lead body of claim 3, in Which 
said insulation material comprises non-porous ePTFE. 

5. The electrophysiology leadbody of claim 3 in Which said 
insulation material comprises ePTFE and FEP. 

6. The electrophysiology lead body of claim 1, in Which 
said cover comprises ePTFE. 

7. The electrophysiology lead body of claim 6, in Which 
said cover comprises non-porous ePTFE. 
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8. The electrophysiology lead body of claim 6, in Which 
said cover is a composite comprising ePTFE and a ?ller. 

9. The electrophysiology lead body of claim 8, in Which the 
?ller comprises an elastomer. 

10. The electrophysiology lead body of claim 8 in Which 
the elastomer comprises silicone. 

11. The electrophysiology lead body of claim 8 in Which 
the elastomer comprises polyurethane. 

12. The electrophysiology lead body of claim 6 in Which 
said cover comprises ePTFE and PEP. 

13. The electrophysiology lead body of claim 6, in Which 
said cover comprises a ?uoropolymer laminate, said laminate 
including a layer of porous ePTFE and a layer of non-porous 
ePTFE. 

14. The electrophysiology lead body of claim 1, in Which 
said ?uoropolymer is ?lm is Wrapped about the outer surface 
of said conductive material. 

15. The electrophysiology lead body of claim 14, in Which 
said ?uoropolymer is ?lm is helically Wrapped around said 
conductive material. 

16. The electrophysiology lead body of claim 1, in Which 
said cover comprises ?uoropolymer ?lm Wrapped about the 
outer surface of said longitudinal elements. 

17. The electrophysiology lead body of claim 16, in Which 
the ?lm is helically Wrapped about the outer surface of said 
longitudinal elements. 

18. The electrophysiology lead body of claim 1 in Which 
the insulation material is less than about 0.003 inches thick. 

19. The article of claim 1 in Which said insulation material 
is less than about 0.0015 inches thick. 

20. The article of claim 1 in Which said insulation material 
is less than about 0.0005 inches thick. 

21. The article of claim 1 in Which said insulation material 
is less than about 0.0002 inches thick. 

22. The electrophysiology lead body of claim 1, further 
comprising at least one lumen disposed Within said cover, 
said lumen consisting essentially of ?uoropolymer. 

23. The electrophysiology lead body of claim 22, in Which 
said lumen comprises ePTFE. 

24. The electrophysiology lead body of claim 23, in Which 
said lumen comprises non-porous ePTFE. 

25. The electrophysiology lead body of claim 24, in Which 
said lumen comprises a laminate including a ?rst layer of 
non-porous ePTFE and a second layer of porous ePTFE. 

26. The electrophysiology of claim 25 further comprising 
at least one additional layer of porous ePTFE. 

27. The electrophysiology of claim 25 in Which the lami 
nate comprises a ?rst layer of porous ePTFE surrounded by a 
second layer of non-porous ePTFE. 

28. An electrophysiology lead body comprising: 
a) tWo or more longitudinal elements, said longitudinal 

elements comprising an electrical insulation material 
being less than about 0.003 inches thick and having a 
voltage strength of at least about 3000 VDC/mil; 

b) at least one conductor disposed Within one of said lon 
gitudinal elements; and 

c) a cover surrounding said longitudinal elements, 
in Which the electrophysiology lead body has a bending 

stiffness of less than about 10 g. 
29. The electrophysiology lead body of claim 28 Where at 

least one longitudinal element comprises at least one lumen. 
30. An electrophysiology lead body comprising: 
a) tWo or more longitudinal elements, said longitudinal 

elements comprising an electrical insulation material 
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being less than about 0.003 inches thick and having a 
voltage strength of at least about 3000 VDC/mil; 

b) at least one conductor disposed Within one of said lon 
gitudinal elements; and 

c) a cover surrounding the longitudinal elements, 
in Which the electrophysiology lead body has a bending 

radius ofless than 12.7 mm. 
31. The electrophysiology lead body of claim 30 in Which 

said cover comprises a laminate, said laminate comprising a 
?rst ?uoropolymer layer having a ?rst density and a second 
?uoropolymer layer having a second density, said second 
?uoropolymer layer surrounding said ?rst ?uoropolymer 
layer, Wherein said second density is less than said ?rst den 
sity. 
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32. An electrophysiology lead body comprising: 
a) tWo or more longitudinal elements each having an outer 

surface, said longitudinal elements comprising an elec 
trically insulating material having a matrix tensile 
strength of at least 10000 psi in at least one orthogonal 
direction; 

b) a conductor disposed Within at least one of said longi 
tudinal elements; and 

c) a cover surrounding said longitudinal elements, said 
cover comprising electrically insulating material having 
a matrix tensile strength of at least 10000 psi in at least 
one orthogonal direction. 

* * * * * 


