wo 2013/147984 A1 || I} NN TP OO0 000 N A

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date WO 201 3 /1 47984 Al
3 October 2013 (03.10.2013) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
AG6IN 1/375 (2006.01) HOIR 31/06 (2006.01) kind of national protection available): AE, AG, AL, AM,
AG6IN 1/05 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. .. BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/US2013/023192 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
25 January 2013 (25.01.2013) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
. NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(25) Filing Language: English RW, SC, 8D, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(26) Publication Language: English IM, IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(30) Priority Data: . L
61/618,650 30 March 2012 (30032012) Us (84) De51gnated States (unless otherwise indicated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: MEDTRONIC, INC. [US/US]; 710 Medtron- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
ic Parkway Ne, Minneapolis, Minnesota 55432 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Tnventor: HOLLE, Mark J., 5805 Lametti Lane, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Shoreview, Minnesota 55126 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(74) Agents: FRANZEN, Rick L. et al.; Medtronic, Inc., 710 TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

Medtronic Parkway NE, Minneapolis, MN 55432 (US).

ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: MEDICAL SYSTEM LEAD ADAPTER PROVIDING FOR CUSTOMIZED STIMULATION PATTERN FOR A SEC-
ONDARY LEAD

(57) Abstract: Medical system lead adapters distrib-
ute stimulation signals from a port of a medical
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MEDICAL SYSTEM LEAD ADAPTER PROVIDING FOR CUSTOMIZED
STIMULATION PATTERN FOR A SEHCONDARY LEAD

TECHNICAL FIELD

Embodiments are related to leads used with medical devices that provide
stimulation. More particularly, embodiments are related to adapters that allow for a
primary lead and a secondary lead where a customized stimulation patterns are available

for the secondary lead.

BACKGROUND

Medical systerns wnclude a wedical device and attached medical leads. The
medical device which is located in a location generally convenient for implantation
generates stimulation signals that ave then divected to a target site by the medical leads.
The medical leads include contacts that receive the stimulation signals from the medical
device and include conductors that extend to a distal end where clectrodes are present.
The electrodes then pass the stimulation signals to the body tissue at the target site.

Generally, a particular port of g roedical device has a sot mumber of clectrical
connectors. The proximal end of a given medical lead designed for the medical device has
a nurnber of contacts on the proximal end and clectrodes on the distal end that match the
number of clectrical contacts of the medical device port.  In some cases, it may be
desirable to drive stimulation signals to two different leads using a single port of a medical
device. In such a case, an adapter way be used that has a lead portion that is instalied mito
the medical device port and has two or more ports, one port for cach lead to be driven by
the signal medical device port.

Typically, such an adapter may define a primary lead and a secondary lead. In one
simple case, one or morce sccondary leads may be driven by all clectrical connectors in an
identical manner as the primary lead. In other more complex cases, the primary lead is
driven by the most clectrical contacts of the medical device while the one or more
secondary leads are driven in an identical fashion by the fewest electrical connectors. One
specific example 18 using a spinal cord stimulation paddle lead as the primary lead, where
five or more electrodes are tndividually controlied to create a specific stimulation pattern

from the paddle. In this example, a peripheral stimulation percutancous lead may be used
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as the secondary lead where only two or three clectrical contacts from the medical device
drive the sccondary lead. Adapters distribute the stimulation from the few electrical
contacts of the medical device to the several clectrodes of the secondary lead in a fixed,
pre-deterroined configuration and thus produce a pre~determived stimulation pattern. As a
consequence, clinicians have no way to customize the configuration and resulting

stirnulation pattern of the secondary lead connected to a given adapter.

SUMMARY

Embodiments address issues such as these and others by providing medical system
icad adapters that allow a clinician the ability to customize the stimulation pattern for the
secondary lead. Embodiments provide adapters that allow for selectably changing the
connection of stimulating paths from clectrical contacts that receive stimulation signals
from a medical device to coutacts that deliver the stirnulation sigonals to the various
contacts of the secondary lead.

Embodiments provide a medical system lead adapter that inclades an input cable
having a plurality of electrical conductors that establish an electrical connection with a
plurality of contacts of a medical device. The adapter further inchudes a first output
connector that receives a proximal end of a first medical lead, the output connector having
a plurality of clectrical contacts that establish a connection with respective ones of a
plurality of contacts of the first medical lead, the plurality of electrical contacts of the first
output connector being electrically connected to respective ones of a first set of the
plurality of electrical conductors. The adapter includes a second output connector that
receives a proximal end of a second medical lead, the output connector having a plurality
of clectrical contacts that establish a connection with respective ones of a plurality of
contacts of the second medical lead. Additionally, the adapter inchudes a pin connector
having a plurality of clectrical contacts where at least sorne of the plurality of clectrical
contacts of the pin connector are electrically connected to respective ones of the plurality
of contacts of the second output connector, a first set of the plurality of clectrical contacts
of the pin connector being electrically connected to respective ones of a second set of the
plurality of clectrical conductors. Furthermore, the adapter includes a pin present within
the pin connector, the pin including a first pin conductor that clectrically bridges together a

first at least one clectrical contact of the pin connector not in the first set to a first

[\~]



Lh

10

20

WO 2013/147984 PCT/US2013/023192

clectrical contact from the first set of the plurality of clectrical contacts of the pin
counector, the pin further 1ocluding a second pin conductor that clectrically bridges
together a second at least one clectrical contact of the pin connector not in the first set to a
second electrical contact from the first set of the plurality of electrical coutacts of the pin
connector.

Embodiments provide s medical sysiern that includes a medical device having a
plurality of electrical contacts that are given electrical potentials to provide therapy. The
medical system further includes a medical system lead adapter as discussed above.

Embodiments also provide a method of providing stimulation that involves
directing a first set of stimulation signals to respective clectrical contacts of a first lead.
The method further involves directing a second set of stimulation signals to electrical
connectors of a second lead by selectably bridging the second sct of stimulation signals to

electrical connectors of the second lead.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of an operating environment for the various
embodiments.

FIG. 2 shows an example of a medical system embodiment that includes multiple
raedical system lead adapters.

FIG. 3A shows a first example of stimulation pathways established by
embodiments of a medical system lead adapter.

FIG. 3B shows a variation of the example of FIG. 3A where an additional
secondary lead is included.

FIG. 4 shows a sccond exarople of stimulation pathways established by
embodiments of a medical system lead adapter.

FIG. 5 shows a third exaraple of stiraulation pathways cstablished by ermbodiments
of a medical system lead adapter.

FIG. 6 shows a first example of a pin used to establish a particular stimulation
pattern for a secondary fead.

FIG. 7A shows a scoond example of 4 pin used to establish a particular stimulation
pattern for a sccondary lead.

~3

FIG. 78 shows a cross-sectional view of the second example of FIG. 7A.
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FIG. 8 A shows a third example of a pin used to cstablish a particular stimulation
pattern for a secondary lead.

FIG. 8B shows a cross-sectional view of the second example of FIG. SA.

FIG. 9 shows two adapters having coraplementary features to physically join the

two adapters together.

DETAILED DESCRIPTION

Erobodimaents provide medical system lead adapters that offer customizable
stimulation patterns for the secondary lead. The stimulation pattern is customizable by
selectably bridging the stiraulation signals destined for the secondary leads to clectrical
connectors of the second lead. One such way of bridging the stimulation signals provided
by various embodiments is to utilize a selection of pins, with cach pin having a different
conductor pattern so as fo create a different bridged pathway to the contacts of the
secondary lead.

FIG. 1 shows a body 122 of a paticnt having a medical systern 100 that provides
stimulation therapy. In this example, the medical systems 100 provides stimulation in the
spinal region of the body 122, The medical system inchudes a medical device 102, two
iead adapters 104, 106 and four medical leads 108, 110, 114, and 118, In this particular
example, the leads 108, 110 are primary leads that drive one or more scts of stimulating
electrodes such as those located on stimulation paddles 112 for spinal cord stimulation.
Also in this particular example, the leads 114, 118 having electrodes 116, 120 are
secondary leads being used for peripheral nerve stimulation 1o the spinal region.

As can be seen, the medical device 102 has two lead ports. Each adapter 104, 106
has a lead body that is installed in a given lead port of the medical device 102, Each
adapter 104, 106 then is connected to two respective leads 108, 114 and 119, 118,

FIG. 2 shows the mterconnection of the two input cables 206, 208 of the
adapters 104, 106 to the lead ports of the medical device 102, The two input
cables 206, 208 may take the form of lead bodies as shown. The medical deviee 102 has
stimulation circuitry 202 that drives the sets of electrical contacts 204, 203 of the lead
ports. The lead bodics of input cables 206, 208 of the adapters 104, 106 have
corresponding sets of electrical contacts 210, 212 that come into physical contact with the

sets of contacts to create clectrical connections. Thus, conductors within the lead bodies

-4
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of input cables 206, 208 carry stimulation signals into the adapters 104, 106 shown with
housings 214, 216. The adapters 104, 106 then distribute the stimulation signals to the
medical leads 108, 114 and 110, 118 installed within the lead output connectors of the
adapters 104, 106 as discussed in more detad below.

To provide for selectability and hence customization of the stimulation patterns of
the secondary leads 114, 118, the adapters 104, 106 include pin connectors that receive
pins 226, 232 vespectively. The pins 226, 232 which are discussed in greater detail below
with reference to FIGS. 3-8 provide a particular structure to electrically bridge together
contacts for the secondary lead in a particular configuration.

The adapters may also include set serew structures 220 that may mclude a sct
screw block, a set screw, and a gromunet.  The set screw structures 220 hold the
leads 108, 114, 110, 118 and pins 226, 232 in place within the adapter housings 214, 216.

FIG. 3A shows an example of the pin 226 providing a particular structure that
creates a particular configuration for bridging together contacts for the secondary icad 114,
Initially, individual conductors 314a-314f, a first sct of conductors, are directed from the
lead body of input cable 206 of the adapter 104 to a set of electrical contacts 302a-302f of
a pritaary lcad output connector 320 within the adapter 104, The secondary lead 108 then
has a set of electrical contacts 30Ka-308f that physically contact the electrical
contacts 302a-3021 to recetve stimulation signals. In this particular exaraple, the primary
lead 108 has two additional contacts 317 which are left unconnected.

A second set of conductors 316a, 316b are directed to the pin connector 322, as
opposed to the sccondary lead output connector 324, and specifically to contacts 304a
and 304b, respectively. Contacts 318a-318f of the pin connector 322 do not receive their
own stimulation signals from conductors of the lead body of input cable 206, However,
the pin 226 includes a first contact 310a and a second contact 310b. The first contact 310a
bridges together the contact 304a with the contacts 318a-318¢c. Therefore, the stimulation
signal provided from conductor 316a is distributed to contacts 304a and 318a-318¢c. As
shown, contacts 304a and 318a3-318c¢ arc connected to contacts 306a-306d of the
secondary lead connector 324, and these contacts 306a-306d are in turn physically
connected to the contacts 312a-3124d of the sccondary lead 114, So, ultimately, electrodes
of the sccondary lead 114 that are connected to the contacts 312a-312d provide the same

stimulation signal of conductor 316a to the tissue.
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Similarly, the second contact 310b bridges together the contact 304b with the
countacts 318d-318f. Therefore, the stimulation signal provided from counductor 316b is
distributed to contacts 304b and 3184-318f As shown, contacts 304b and 3184-318f are
connected to contacts 306¢-306h of the secondary lead connector 324, and these
contacts 306¢-306h are in turn physically connected to the contacts 312e-312h of the
secondary lead 114, So, ulumately, clectrodes of the sccondary lcad 114 that are
connected to the contacts 312e-312h provide the same stimulation signal of
conductor 316b to the tissue. Note that the stimulation signal of conductor 316b may be
an oppostie polarity and hence the return path for the stimulation signal of conductor 310a,
OF VICE VOTsa.

I order to produce a different stimulation pattern from the secondary lead 114, the
contact configuration of the pin 226 may be changed just by removing the pin 226 and
inserting a different pin with a differcot contact configuration. The different contact
configuration bridges together the contacts of the pin connector 322, and hence the
contacts of the sccondary lead connector 324 1n a different roanner. Examples of different
pin contact configurations are discussed below.

FIG. 3B shows an adaptation to the adapter configuration of FIG. 3A. Here, there
arc two secondary lead connectors, cach having the appropriate number of contacts. In
this example, the third lead 115 for the adapter, which is the sccond secondary lead, is
wired in parallel with the first secondary lead 114, Contact 306a is electrically connected
to contact 307a and so on. Thus, the second secondary lead 115 provides the same
customized stimulation pattern as that being provided by the first sccondary lead 114,

FIG. 4 shows another example of a different pin 226" providing a different
structure that creates a different configuration for bridging together contacts for the
secondary lead 114, Also, the pin connector 3227 provides for two contacts 304a and 304b
that are used only for recetve the stimulation signals and are not used for direct connection
to contacts of the secondary lead connector 324, which provides additional flexibility to
increase the number of stimulation patterns that may be achicved.

inttially, the first set of conductors 314a-3141 are directed from the lead body of
input cable 206 of the adapter 104 to a set of clectrical contacts 302a-3021 of a prirsary
lead convector 320 within the adapter 104, The primary lead 108 then has a set of

clectrical contacts 308a-308f that physically contact the electrical contacts 302a-3021 to
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recetve stimulation signals as in FIG. 3A. Also in this particular example, the primary
icad 108 has two additional contacis 317 which are left unconnected.

The conductors 316a, 316b of a second set are directed to the pin connector 3227,
as opposed to the secondary lead covuecior 324, and specifically to countacts 304a
and 304b, respectively. Contacts 318a-318h of the pin connector 3227 do not receive their
own stimulation signals from conductors of the lead body of input cable 206, However,
the pin 226" includes a first contact 311a and a second contact 311b.  The first
contact 311s 1s internally connected to contacts 310a and 310¢, and these contacts bridges
together the contact 304a with the contacts 318a, 318b, 318¢, and 31R{ Therefore, the
stirnulation signal provided from conductor 316a 1s distributed to contacts 304a and 318a,
318b, 318e, and 3181 As shown, contacts 318a, 318b, 318¢, and 318f are connected to
contacts 306a, 306b, 3006e, and 306f of the secondary lead connector 324, and these
contacts 306a, 306b, 306¢, and 3061 are 1o turm physically counected to the contacts 312a,
312b, 312e, and 312¢ of the sccondary lead 114. 8o, ultimately, electrodes of the
secondary icad 114 that are connected to the contacts 312a, 312b, 312¢, and 312¢ provide
the same stumulation signal of conductor 316a to the tissue.

Similarly, the second contact 311b s internally conmected to contacts 310b
and 310d, and these contacts bridges together the contact 304b with the contacts 318,
318d, 318g, and 318h. Therefore, the sumulation signal provided from conductor 316b 13
distributed to contacts 304b and 318c, 31Kd, 318g, and 318h. As shown, contacts 318¢,
31¥d, 318g, and 318h are connected to contacts 306¢, 306d, 306g, and 306h of the
secondary lead connector 324, and these contacts 306¢, 306d, 306g, and 306h are in turn
physically connected to the contacts 312¢, 312d, 312g, and 312h of the secondary
icad 114, So, ultimately, electrodes of the secondary lead 114 that are connected to the
contacts 312¢, 312d, 312g, and 31Zh provide the same stimulation signal of
conductor 316b to the tissue. Note that the stirmulation signal of conductor 316b may
again be an opposite polarity and hence the return path for the stimulation signal of
conductor 316a, or vice versa.

FIG. 5 shows another example of a different pin 22677 providing a different
structure that creates a differcnt configuration for bridging together contacts for the
secondary lead 114, Also, the pin counector 32277 also provides for the two contacts 304a

and 304b that are used only for receiving the stimulation signals and are not used for direct
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connection to contacts of the secondary lead connector 324, which again provides
additional flexibility to merease the namber of stimulation patterns that may be achieved.
Additionally, in this embodiment of the pin connector 32277, two additional contacts 304¢
and 304d are included. This provides additional flexibility in that these contacts are used
to selectively distribute an additional conductor 316¢ to the secondary lead 114 or to the
primary lcad 108,

inttially, the first set of conductors 314a-314e are directed from the lead body of
input cable 206 of the adapter 104 to a sct of clectrical contacts 302b-3021 of a prirsary
lead connector 320 within the adapter 104, The primary lead 108 then has a sct of
clectrical contacts 308a-3081 that physically contact the electrical contacts 302a-302f o
receive stimulation signals as m FIG. 3A. Also in this particular example, the prumary
lead 108 has two additional contacts 317 which are left unconnected.

The second set of conduactors 316a, 316b, and 316¢ are direcied to the pin
connector 3227, as opposed to the secondary lead connector 324, and specifically to
contacts 304a, 304b, and 304c¢ respectively.  Contacts 3182-318h of the pmnn
connector 3227 do not receive their own stimulation signals from conductors of the lead
body of mput cable 206. However, the pin 2267 of this example includes a first
contact 311a, second contact 311b, and third contact 311c. In this example, the first
contact 311a is internally connected to contacts 310a, 310¢, and 310c. These contacts
bridge together the contact 304a with the contacts 31Ra, 318b, 318d, 31iRe, 318g,
and 318h. Thercfore, the stimulation signal provided from conductor 316a is distributed to
contacts 304a, 318a, 318b, 318d, 318¢, 318g, and 31R8h. As shown, contacts 318a, 318D,
318d, 318e, 318g, and 318h arc connected to contacts 306a, 306b, 306d, 306e, 300g,

and 306h of the secondary lead connector 324, and these contacts 306a, 306b, 3064, 306e,

[ W)

306g, and 306h are in turn physically connected to the contacts 312a, 312b, 3124, 312e,
312¢g, and 312h of the sccondary lead 114, So, ultimately, clectrodes of the sccondary

~5

iead 114 that are connected to the contacts 312a, 312b, 312d, 312¢, 312¢, and 312k,
and 312¢ provide the same stimulation signal of conducior 3164 to the tissuc.

Similarly, the second contact 311b is internally connected to contacts 310b
and 310d.  These contacts bridge together the contact 304b with the contacts 318¢
and 318{. Therefore, the stimulation signal provided from conductor 316b s distibuted to

contacts 304b, 318¢, and 318f As shown, contacts 318¢ and 318f are connected to
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contacts 306¢ and 306f of the sccondary lead connector 324, and these contacts 306¢
and 306f are in turn physically connected to the contacts 312¢ and 3121 of the secondary
lead 114, So, ultimately, clectrodes of the secondary lead 114 that are connected to the
contacts 312¢ and 3121 provide the same stimulation signal of conductor 316b to the
tissue. Note that the stimulation signal of conductor 316b may again be an opposite
polarity and hence the return path for the stimulation signal of conductor 316a, or vice
VEISA.

The third contact 311c¢ of the pin 2267 may be either mnternally connected to the
fourth contact 311d or be internally connected to one of the other contacts 310a-310¢ in
place of the conuection from the contact 31la or 311b. By having a pin 2267 that
internally connects the contact 31lc with the contact 311d, the pwn 22677 thereby
electrically connects the contact 304c receiving the stimulation signal of the
conductor 316¢ with the contact 304d which is connected to a conductor 315, The
contact 304d thereby serves as a jumper contact to jumper the signal from contact 304c¢ to
the conductor 315, The conductor 315 is connected to one of the contacts of the primary
lead connector 320 such as the contact 302f which connects to the primary lead
contact 308f.  Thus, n this case, the primary lead continucs to receive six mndividual
stimulation signals while the secondary lead 114 receives two individual stimulation
stgnals.

Where the pin 2267 internally connects the contact 31ic to another contact
besides 311d, then the conductor 315 is not driven. Therefore, the primary lead 108 is
driven by only five wmdividual stimulation signals while the secondary lead is driven by
three individual stimulation signals. Having three individunal stimulation signals may
allow additional customization for the sccondary lead 114, such as driving ouve or more
clectrodes with a different voltage and/or frequency from conductor 316 ¢ than is being
driven from the conductor 316a or 316b.

FIG. 6 shows an example of the pin 226, In this example, the pin 226 includes a
nonconductive handle 602, The pin also includes a first contact 310a and a second
contact 310b like that shown in FIG. 3A. The contacts 310a and 310b receive stimulation
signals and then bridge those signals to other contacts of the pin connector as discussed
above. The first contact and the second contact are electrically isolated by an indervening

nonconductive section 604, The nonconductive sections may be constructed from

-0.
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biocompatible materials such as polyurcthane and the like. The contacts 310a and 310b
roay be constructed of biocompatible materials such as stainless steel,

FIG. 7A shows another cxample of a pin 227. In this example, the pin 227
includes a nonconductive handle 702 as well as a first contact 310a, 8 second
contact 310b, and a third contact 310c. These contacts are separated by two
nonconductive sections 704, 706.

Where each contact 310a, 310b, and 3180c¢ receives stimulation from a dedicated
conductor of the mput cable 206 of the adapter 104, such as from conductors 316a, 316b,
and 316¢ of FIG. 5, then no internal connectivity among the contacts 310a, 310b, and 310¢
is provided. However, where only two dedicated conductors 316a and 316b are providing
stimulation signals to the secondary lead 114, then the pin 227 is provided with internal
connectivity to bridge two of the contacts together. FIG. 7B shows a cross-sectional view
of'a pin 227 providing such internal connectivity.

As shown in FIG. 7B, the contact 310a is bridged to the contact 310c¢ by an internal
conductor 708. The internal conductor 708 is surrounded by a nonconductor 710
extending between the nonconductive sections 704 and 706. Thus, a stimulation signal
such as that of conductor 316a 15 provided to the contact 310a through a corresponding pin
connector contact but is also provided to the contact 310c via the internal conductor 708,
Meanwhile, another stimulation signal such as that of conductor 316b is provided to the
contact 310b.

FIG. SA shows another example of a pin 229 with additional internal connectivity
for a more complicated stimulation patiern.  To this example, the pin 229 includes a
nonconductive handle 802 as well as a first contact 310a, a second contact 310b, a third
contact 310c¢, a fourth contact 3104, and a fifth contact 310¢. These contacts are separated
by four nonconductive sections 834, 806, 808, and 814,

In this example, only two dedicated conductors 3164 and 316b are providing
stimulation signals to the secondary lead 114, Therefore, the pin 229 is provided with
mternal connectivity to bridge two of the contacts together. FIG. 8B shows a cross-
sectional view of the pin 229 providing such internal connectivity.

As shown in FIG. 8B, the contact 310a 1s bridged to the contact 310c¢ and the
contact 310¢ by an internal conductor R12. The internal conductor 812 is surrounded by a

nonconductor 816 extending between the nonconductive sections 804 and 8§10, Thus, a

- 10 -
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stimulation signal such as that of conductor 316a is provided to the contact 310a through a
corresponding pin connector countact but s also provided to the countact 310c and the
contact 310¢ via the mternal conductor 812. Meanwhile, another stimulation signal such
as that of conductor 316b is provided to another contact, sach as the contact 310b for
example. The contact 310b 1s bridged to the contact 310d via an internal conductor 814,
Thus, a stimulation signal such as that of conductor 316b is provided to the contact 310b
through a corresponding pin connector contact but is also provided to the contact 310d via
the internal conductor 814,

It will be appreciated that there are many potential pin conductor configurations,
particularly when utilizing internal conductors to bridge together contacts of the pin. In
particular, the pins 2267 and 2267 utilize such internal conductors hike those shown in
FiG. ¥B to bridge the pin contacts 311a and 311b to the various other contacts of the pin.
It will also be appreciated that the particular pin contact that receives the stimulation
signal from a pin connector contact may vary from that discussed above in FIGS. 3A-8B.

Table | below provides some illustrative exarples of stimulation signal
configurations that may be achieved for the secondary lead 114 using different pins within

the adapter 104,

312k {312g | 312f | 312¢ |312d |312¢ |312b |312a
- - - - + + + +
+ + - - - - + +
- T - T - n - n
+ - - + -+ - - +
- - - - - - t
- - } + t
- - - + t
_ _ T T
- - - + +

Table 1 — Stioudation Pattern Examples
FIG. 9 shows an attachment feature that the housings 214, 216 may include to affix
one housing to the other for purposes of implantation. For example, one housing 214 may
have a groove 902 as an attachment feature while the other housing inchudes a tongue 904

as an attachiment feature that slides within the groove 902, B will be appreciated that

-11-
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various types of features other than the tongue and groove configuration may also be used
to affix the housings together. Furthermore, it will be appreciated that a given adapter
housing may have a multiple attachment features, such as a tongue 904 on one side and a
groove 902 on an opposing side.

While embodiments have been particularly shown and described, it will be
understood by those skilled in the art that various other changes in the form and details

may be made therein without departing from the spirit and scope of the fnvention.
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What is claimed is:

i. A medical system lead adapter, comprising:

an nput cable having a plorality of electrical conductors that establish an electrical
connection with a plurality of contacts of a medical device;

a first output connector that roceives a proximal end of a first medical lead, the
output connector having a plurality of electrical contacts that establish a connection with
respective ones of a plurality of contacts of the first medical lead, the phurality of clectrical
contacts of the first ontput connector being electrically connected to respective ones of a
first set of the plurality of electrical conductors;

a second output connector that receives a proximal end of a second medical lead,
the output connector having a phurality of electrical contacts that establish a connection
with respective ones of a plurality of contacts of the secoud medical lead;

a pin connector having a phlurality of electrical contacts where at least some of the
plurality of clectrical contacts of the pin connector are clectrically connected to respective
ones of the plurality of contacts of the second output connector, a first set of the plurality
of clectrical contacts of the pin connector being clectrically connected fo respective ones
of a second set of the plurality of electrical conductors; and

a pin present within the pin connector, the pin including a first pin conductor that
electrically bridges together a first at least one clectrical contact of the pin connector not in
the first set to a first clectrical contact from the first set of the plurality of clectrical
contacts of the pin connector, the pin further tocluding a second pin conducior that
clectrically bridges together a sccond at least one clectrical contact of the pin connector
not w the first set to a secound clectrical contact frow the fivst set of the plurality of
electrical contacts of the pin counnector.

2. The medical system lead adapter of claim 1, wherein the first at least one electrical
contact of the pin connector not 1o the first set comprises a plurality of clectrical contacts

of the pin connector not in the first set.
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3. The medical system lead adapter of claim 2, wherein the second at least one
clectrical contact of the pin connector not in the first set coroprises a plurality of elecirical

contacts of the pin connector not in the first set.

4. The medical system lead adapter of any of claims 1-3, further comprising a
housing that receives the input cable and that positions the first output connector, the

second output connector, and the pin connector,

3. The medical system lead adapter of claim 4, wherein the housing includes an

attachmcent feature that mates to an attachment feature of another housing.

6. The medical system lead adapter of any of claims 1-3, further comprising a third
output connector that receives a proximal end of a third medical lead, the third output
connector having a plurality of electrical contacts that establish a connection with

respective ones of a plurality of contacts of the third medical lead,

7. The medical system lead adapter of any of claims 1-6, wherein the clectrical
contacts of the first set of the pin connector are electrically connected to respective ones of

the electrical contacts of the second output connector,

8. The medical system lecad adapter of any of claims 1-6, wherein the clectrical
contacts of the first set of the pim connector are not electrically connected to respective

ones of the clectrical contacts of the second output connector.

8. The medical system lead adapter of any of claims 1-8, wherein the pin connector
further comprises a jumper contact that is electrically connected to an electrical contact of
the first output connector that is not electrically connected to the electrical conductors, and
wherein the pin further includes a third pin conductor that bridges the jumper contact to an
clectrical contact of the first set of the pin conductor that is electrically connected to a

respective one of the clectrical conductors.

- 14 -
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1. A medical systom, comprising:

a medical device having a plarality of electrical contacts that are given electrical
potentials to provide therapy; and

a medical system lead adapter comprising:
an input cable having a plurality of clectrical conductors that establish an electrical
connection with the plurality of contacts of the medical device;

a first output connector that receives a proximal end of a first medical lead, the
output connector having 4 plurality of clectrical contacts that establish a connection with
respective ones of a plurality of contacts of the first medical lead, the plurality of electrical
contacts of the first output connector being electrically connected to respective ones of a
first set of the plurality of electrical conductors;

a second output connector that receives a proximal end of a second medical lead,
the output conuector having a phurality of electrical contacts that establish a connection
with respective ones of a plurality of contacts of the second medical lead;

a pin connector having a phlarality of electrical contacts where at least some of the
plurality of electrical contacts of the pin connector are electrically connected to respective
oncs of the plurality of contacts of the sccond output connector, a first set of the plurality
of electrical contacts of the pin connector being clectrically connected to respective ones
of a second set of the plurality of clectrical conductors; and

a pin present within the pin connector, the pin including a first pin conductor that
electrically bridges together a first at least one electrical contact of the pin connector not in
the first set to a fivst clectrical contact from the first set of the plurality of clectrical
contacts of the pin connector, the pin further including a second pin conductor that
clectrically bridges together a second at least one clectrical countact of the pin connector
not in the first set to a second electrical contact from the first st of the plurality of

electrical contacts of the pin connector.

11, The medical system 10, wherein the first at least one electrical contact of the pin
connector not in the first set comprises a plurality of electrical contacts of the pin

connector not i the first sct.
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12, The medical system of claim 11, wherein the second at least one clectrical contact
of the pin connector not 1o the first set comprises a phurality of electrical coutacts of the

pin connector not in the first set.

13, The medical system of any of claims 10-12, wherein the medical system lead
adapter further comprises a housing that recetves the input cable and that positions the first

putput connector, the second output connector, and the pin connector,

14, The medical system of claim 13, wherein the housing includes an attachment

feature that mates to an attachment foature of another housing,

15.  The medical system any of claims 10-14, further comprising a third output
connector that recetves a proximal end of a third medical lead, the third output connector
having a phurality of clectrical contacts that establish a connection with respective ones of

a plurality of contacts of the third medical lead,

16.  The medical systern of any of claims 10-15, wherein the clectrical contacts of the
first set of the pin connector are electrically connected to respective ones of the electrical

contacts of the second output connector.

17.  The medical system of any of claims 10-15, wherein the electrical contacts of the
first set of the pin connector are not elecirically connected to respective ounes of the

clectrical contacts of the sccond output connector.

I8, The medical system of any of claims 10-17, wherein the pin connector further
comprises 4 jumper contact that is electrically connecied to an clectrical contact of the first
output connector that is not electrically connected to the electrical conductors, and wherein
the pin further includes a third pin conductor that bridges the juraper contact to an
clectrical contact of the first set of the pin conductor that is electrically connected to a

respective one of the clectrical conductors.

- 16 -
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19, A method of providing stimulation, comprising:

directing a first set of stimulation signals to respective electrical contacts of a {irst
lead; and

directing a second set of stimulation signals to electrical connectors of a second
lead by selectably bridging the second set of stimulation signals to electrical connectors of

the second lead.

20.  The method of claim 19, wherein directing the second set of stimulation signals to
electrical connectors of the second lead comprises receiving the second set of stimulation
stgnals via an input cable, directing cach stimulation signal of the sccond set to a
respective electrical contact of a pin counector, 1userting a pin into the pin conuector
where the pin has a first pin conductor that bridges a first stinmlation signal to a first set of
electrical contacts of the pin connector and a sccond pin conductor that bridges a second
stimulation signal to a second set of clectrical contacts of the pin connector, and wherein
the electrical contacts of the pin conncctor arc electrically connccted to respective

electrical contacts of the second lead.
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