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Description
TECHNICAL FIELD

[0001] Embodiments are related to medical devices
and medical leads that are inserted into medical devices
to achieve electrical connectivity. More particularly, em-
bodiments relate to detecting whether a medical lead has
been properly inserted into a medical device.

BACKGROUND

[0002] Medical systems including medical devices that
are implantable (IMD) or external and associated im-
plantable medical leads provide functions such as stim-
ulation of muscle or neurological tissue and/or sensing
of physiological occurrences within the body of a patient.
Typically, the IMD is installed in a subcutaneous location
that is accommodating and relatively accessible for im-
plantation. For instance, to provide stimulation near the
spine or pelvis, the IMD may be installed in a pocket
located on the abdomen or upper buttocks region of the
patient. The external device may be located in the same
area but outside of the body. The implantable medical
lead is installed, either through a percutaneous proce-
dure or a surgical procedure, depending upon the type
of lead that is necessary.

[0003] Once installed, the lead extends from the stim-
ulation site to the location of the IMD or external device.
The separation of the stimulation site to the location of
the device varies, but may typically range from about 20
cm to about 100 cm. For relatively lengthy separation, if
a lead of adequate length is unavailable then a lead ex-
tension may be implanted to span from the device to a
proximal end of the implantable lead.

[0004] The implantable medical lead includes electri-
cal connectors on a proximal end, electrodes on a distal
end, and conductive filars interconnecting the connectors
to the electrodes. When an extension is present, the im-
plantable extension includes a connector block on the
distal end that connects to the proximal connectors of
the lead and includes connectors on the proximal end
that connects to the device.

[0005] Each connector ring of the proximal end of the
lead or extension that is being inserted into the header
ofthe device needsto have a proper electrical connection
to an electrical connector within the device. If the electri-
cal connection for each connector of the lead or extension
is not proper, then short circuits and/or open circuits may
exist between the individual stimulation pathways, where
the device may attempt to apply a custom stimulation
signal to each simulation pathway during therapy. The
short circuits and/or open circuits may adversely affect
the stimulation therapy and/or may cause other problems
such as reduced battery lifetime due to increased current
drain.

[0006] Additionally, implantable medical systems are
being developed to allow patients having such implant-
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able medical systems to undergo an MRI scan. One man-
ner of doing so may be to include a shield that grounds
through a connector that establishes an electrical con-
nection in the header of the device similar to the stimu-
lation connectors. If this ground connector is not properly
connected during lead insertion, then the shield may not
perform as expected during an MRI scan.

[0007] Conventional attempts to verify proper lead in-
sertion involve manually initiating a single lead imped-
ance measurement after the connections have been
made. However, waiting until the lead is inserted to man-
ually initiate a impedance test does not provide feedback
while the physician isinserting the lead, and the physician
is atrisk of attempting to insert the lead too far, potentially
over-inserting the lead to prevent proper connection, or
damaging the lead by kinking the lead due to continued
force on the lead after the lead is fully inserted. This lack
of feedback can also lead to a trial-and-error technique,
where the physician is not sure about the properinsertion
and can under insert the lead on the first attempt, which
causes additional handling of the device after the meas-
urement is taken in order to re-insert the lead.

[0008] US2008/183246 and US 2008/262582 are con-
cerned with verifying proper lead insertion.

SUMMARY

[0009] Embodiments address issues such as these
and others by detecting whether an implantable medical
lead is properly inserted by establishing acommunication
session between an external device and the medical de-
vice prior to completion of the lead insertion. Impedance
measurement may begin during the insertion process
and feedback can be provided during the insertion pro-
cedure.

[0010] The current disclosure describes a method of
verifying that a lead has been fully inserted into a header
of a medical device. The method involves prior to com-
pletion of the lead being inserted, establishing a commu-
nication session between an external device and the
medical device. The method further involves during the
communication session, instructing the medical device
to begin an impedance test for a set of connectors that
are expected to be electrically connected to the lead
where the impedance test repeatedly polls for imped-
ance. The method further involves receiving a response
from the medical device that specifies a result of the im-
pedance testing and providing an output that indicates
whether the lead is fully inserted based on the response.
[0011] Theinventionisdefinedinthe appended claims.
Embodiments provide an external device for verifying
that a lead has been fully inserted into a header of a
medical device. The external device includes communi-
cation circuitry and a processor controlling the commu-
nication circuitry. The processor is configured to, prior to
completion of the lead being inserted, establish a com-
munication session with the medical device. The proc-
essor is further configured to, during the communication
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session, instruct the medical device to begin an imped-
ance test for a set of connectors that are expected to be
electrically connected to the lead where the impedance
testrepeatedly polls forimpedance. The processor is fur-
ther configured to receive a response from the medical
device that specifies a result of the impedance testing
and provide an output that indicates whether the lead is
fully inserted based on the response.

[0012] Embodiments provide a medical device for ver-
ifying that a lead has been fully inserted into a header of
the medical device. The medical device includes com-
munication circuitry and a processor that controls the
communication circuitry. The processor is configured to,
prior to completion of the lead being inserted, establish
a communication session with an external device. The
processor is further configured to, during the communi-
cation session, receive an instruction to begin an imped-
ance test for a set of connectors that are expected to be
electrically connected to the lead. The processor is fur-
ther configured to implement the instruction to perform
impedance testing where the impedance testing repeat-
edly polls forimpedance and send a response to the ex-
ternal device that specifies a result of the impedance test-

ing.
DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 shows an operating environment for illustra-
tive embodiments that detect whether an implanta-
ble medical lead is properly inserted into a medical
device.

FIG. 2 shows a proximal end of an implantable lead
and a header of a medical device that receives the
proximal end to complete electrical connections.
FIG. 3 shows an illustrative external device embod-
iment that communicates with a medical device to
initiate the detection of proper lead insertion.

FIG. 4 shows an illustrative medical device embod-
iment that communicates with an external device to
detect proper lead insertion.

FIG. 5 shows an example of operational flow of ex-
ternal device embodiments that communicate with
a medical device to detect proper lead insertion.
FIG. 6 shows an example of operational flow of med-
ical device embodiments that communicate with an
external device to detect proper lead insertion.

DETAILED DESCRIPTION

[0014] Embodiments provide for detection of whether
an implantable medical lead has been properly inserted
into a medical device as the lead insertion procedure is
occurring. The detection may occur through interaction
between an external device and a medical device that
the lead is being inserted into. The external device may
communicate with the medical device to initiate the de-
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tection procedure prior to completion of the lead insertion
attempt and the medical device may then report the re-
sults back to the external device and/or via audible sig-
naling relatively soon thereafter.

[0015] FIG. 1 shows an external device 102 in com-
munication with a medical device 104 that is affixed to a
patient 108 either by being implanted or by an external
mounting. The external device 102 may be one of various
device types of a device programmer or a dedicated lead
insertion detection device. Likewise, the medical device
104 may be of various device types as well such as a
stimulator or a monitoring device. The medical device
104 has medical components including implantable med-
ical leads 106 that may be used for stimulation and/or
sensing that are being installed in the patient 108 and
ultimately connected to the medical device 104. The
medical device 104 together with the leads 106 forms a
medical system.

[0016] The external device 102 and the medical device
104 typically communicate through a form of telemetry.
In the case of a wireless communication link, wireless
signals 110 are sent by the external device 102 and are
received by the medical device 104. Likewise, wireless
signals 112 are sent by the medical device 104 and are
received by the external device 102. In order to conduct
the lead insertion detection procedure, a form of telem-
etry is used that allows separation between the wireless
antenna or head of the external device 102 in an area
114 and the medical device 104 which is in an area 116
where the physician is working. This allows the physician
to perform the lead insertion in the area 116 with no te-
lemetry head being an obstruction to the procedure while
a communication session between the external device
102 and the medical device 104 is conducted.

[0017] As an example, the telemetry may use radio
frequency (RF) signaling where an antenna of the exter-
nal device 102 and the medical device 104 are separated
by a larger distance than occurs with near field telemetry
to provide added convenience. Another example that
may be used is arm’s length inductive coupling telemetry
where the telemetry head may be separated from the
medical device 104 by a distance that prevents the te-
lemetry head from being an obstruction to the lead inser-
tion procedure.

[0018] Typically, at the time for detecting that the lead
106 is properly inserted, the external device 102 initiates
a communication session with the medical device 104.
The external device 102 may instruct the medical device
104 to begin an impedance testing procedure that checks
for proper electrical connectivity of the lead 106 to the
medical device 104. The medical device 104 then re-
sponds with results of the impedance testing to allow the
external device 102 to determine if the lead is properly
inserted or not and to provide an output that informs a
user about the lead insertion.

[0019] FIG. 2 shows a proximal end of the lead 106 as
the lead 106 is being inserted into a header 120 of the
medical device 104. The header 120 is mounted to a can
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126 which encloses the electrical circuitry of the medical
device 104. The header 120 includes a passageway that
the lead 106 enters to encounter a series of electrical
connectors 122. In this particular example, the header
120includes a set screw block 124 that may be tightened
to fix the lead 106 in place once properly inserted.
[0020] The end connector 118 of the lead 106 is in-
tended to ultimately connect to an end connector 122 of
the header 120. That is an indicator that the lead 106
may be fully inserted. In some cases, the lead 106 may
not have an end connector 118 that is far enough on the
end to contact the end connector 122 of the header 120
and is instead intended to connect with another connec-
tor closer to the set screw block 124. In either case, the
medical device 104 may begin first checking the imped-
ance of the connector 122 that is configured to be the
last one that will connect with a connector 118 of the lead
106. In this manner, once that impedance indicates a
connection, the medical device 104 may then begin a full
test of impedance where the many combinations of im-
pedance between connectors can be tested for lead in-
tegrity purposes to find impedances that are out of an
acceptable range, such as due to short circuits and open
circuits, that reveal whether the lead is damaged once
the lead is fully inserted.

[0021] FIG. 3 shows components of one example of
the external device 102. The external device 102includes
a memory 202, a processor 204, and may also include
a storage device 206. The external device 102 may also
include local input/output (1/O) ports 208 such as to pro-
vide local screen displays and to receive user input via
a keypad, touchscreen, and so forth. The external device
102 also includes communication circuitry 210 used to
establish the telemetry to the medical device 104. The
communication circuitry 210 may drive a signal propa-
gationtool 212, such as an RF antenna oran arm’s length
inductive coupling head.

[0022] The memory 202 may be used to store informa-
tion in use by the processor 204. For instance, the mem-
ory 202 may store the results of the impedance testing
that has been obtained from the medical device 104. The
memory 202 may also store programming that is used
by the processor 204 to control the actions of the external
device 102 that take place to detect proper lead 106 in-
sertion. The memory 202 may be of various types, such
as volatile, non-volatile, or a combination of the two.
[0023] The storage device 206 may be used to store
information for a long term and may be of various types
such as non-volatile so that the information is retained
when the external device 102 is powered off. The storage
device 206 may also store programming for the proces-
sor 204 that is implemented to control the verification
actions. Examples of the storage device 206 include elec-
tronic, magnetic, and optical drives. The storage device
206 and the memory 202 are both examples of computer
readable media that may store information in the form of
computer programming, data structures, and the like.
[0024] The processor 204 performs logical operations
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such as those of FIG. 5 to allow the external device 102
to communicate with the medical device 104 to initiate
the detection of proper lead insertion and to obtain results
form the medical device 104. The processor 204 may
perform additional logical operations to provide an output
ofinformation such as a visual display of impedance test-
ing results including where short circuits or open circuits
may be present and an indication of whether the lead
106 is properly inserted. The processor 204 may be of
various forms. For instance, the processor 204 may be
a general-purpose programmable processor that exe-
cutes software that is stored on the storage device 208
or elsewhere. Other examples include a dedicated pur-
pose hardware circuit or hard-wired digital logic. The
processor 204 may communicate with the various other
components through one or more data buses.

[0025] FIG. 4 shows components of one example of
the medical device 104. The medical device 104 includes
a memory 302 and a processor 304. The medical device
104 also includes lead circuitry 306 and the related con-
ductors in the header. The lead circuitry 306 performs
medical tasks such as stimulation and/or monitoring but
also performs the impedance tests for the various com-
binations of lead connectors during the detection of prop-
er lead insertion. The medical device 104 also includes
communication circuitry 308 used to establish the telem-
etry to the external device 102. The communication cir-
cuitry 308 may drive a signal propagation tool 310, such
as an integral RF antenna or an integrated arm’s length
inductive coupling head.

[0026] The lead may also include a transducer 312
such as a piezoelectric beeper that makes a tone as a
result of the impedance testing. There could be one tone
assigned to when the lead is properly inserted due to an
impedance being found for the last connector. There
could be another tone that states that the impedances of
all connections are within proper ranges, indicating that
the device is ready for implant. As the impedance mon-
itoring may continue for a set time beyond the lead in-
sertion, for example 30 minutes, the lead connections
may continue to be monitored while the device 104 is
being implanted, to ensure that the connections are still
good after the implant procedure, and the beeper 312
may sound if the lead is detected to be shorted or open.
[0027] The memory 302 may be used to store informa-
tion in use by the processor 304 such as programming
and data values including the impedance testing infor-
mation. The memory 302 may store additional informa-
tion including therapy parameters that are used to control
the therapy circuitry 306. The memory 302 may be of
various types such as volatile, non-volatile, or a combi-
nation of the two. The memory 302 is also an example
of computer readable media that may store information
in the form of computer programming, data structures,
and the like.

[0028] The processor 304 performs logical operations
to allow communication sessions with the external device
102 to occurin ordertoinitiate the procedure for detecting
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proper lead insertion and to report results back to the
external device 102. These logical operations may in-
volve receiving an instruction by the external device 102
to begin impedance testing, either for all connectors or
for a last one that is expected to have electrical connec-
tivity to the lead 106.

[0029] The processor 304 may also perform other op-
erations requested by the external device 102 or that
occur automatically as a result of the request to perform
impedance testing. Examples include polling only the last
connector expected to electrically connect to the lead
until electrical connectivity is detected and then polling
all connections or reporting the result of detecting the
one connection. Other examples include delaying re-
sponding to the external device 102 until a set time has
expired or until a particular circumstance is detected such
as a given combination of connectors being electrically
connected to the lead 106. The processor 304 may be
of various forms like those discussed above for the proc-
essor 204 of the external device 102. The processor 304
may communicate with the various other components
through one or more data buses.

[0030] FIG. 5 shows one example of logical operations
that may be performed by embodiments of the external
device 102 when initiating the detection of proper lead
insertion. Initially, the external device 102 contacts the
medical device 104 via wireless telemetry to establish a
communication session between the two prior to the com-
pletion of the lead insertion procedure at a contact oper-
ation 402. This communication session may be estab-
lished while the lead insertion procedure is taking place
or before the lead insertion procedure has begun.
[0031] Upon establishing the communication session,
the external device 102 then sends an instruction to the
medical device 104 to instruct the medical device 104 to
begin impedance testing for a particular connector set at
an instruction operation 404.

[0032] This instruction may have several variations. In
one embodiment, the instruction may simply be to begin
impedance testing where the medical device 104 is al-
ready pre-programmed with a procedure to follow. In an-
other embodiment, the instruction may specify a partic-
ular procedure that the medical device 104 should follow.
[0033] For instance, the instruction may indicate that
the medical device 104 should poll forimpedance on only
the last connector that is expected to achieve electrical
connectivity to the lead 106 and then report back about
that polling. The instruction may specify to report back
periodically regardless of the result or report back only
upon the result falling within an impedance range that
indicates a connection has been made. The instruction
may instead indicate that the medical device 104 should
poll for impedance on only the last connector that is ex-
pected to achieve electrical connectivity to the lead 106
and once an impedance is detected that indicates that
the last connector has connectivity to the lead 106 exists,
then begin impedance testing of all connector combina-
tions prior to reporting back the results. The instruction

10

15

20

25

30

35

40

45

50

55

may specify that the medical device 104 should report
back after a delay period and/or delay reporting back until
significant impedance testing data has been achieved.
[0034] In some embodiments where the impedance
testing triggered by the operations of FIG. 4 begins before
or during lead insertion by testing all connector combi-
nations, it may be beneficial to provide an ongoing indi-
cation of lead insertion progress. As the lead is partially
inserted, a particular connector within the header will
make contact with the most proximal connector of the
lead. Thus, from impedance testing all of the connectors
of the header, it can be determined which connector(s)
within the header make electrical contact with the lead
at a given point in time. Thus, the connector deepest
within the header that has electrical contact to a connec-
tor of the lead 106 represents the progress of the lead
insertion where this progress may be reported to the ex-
ternal device 102 and ultimately to the user and clinician.
As with other examples, the testing may continue until a
polling timeout is reached, until the user manually ends
the testing, or until an impedance measurement indicat-
ing that the lead 106 is fully inserted is obtained.

[0035] Upon sending the instruction, the external de-
vice 102 may then listen for a response from the medical
device 104 thatincludes the impedance testing data until
receiving the response at a receiving operation 406. The
result provided in the response may be an impedance
value for the last connection and/or an indication of a
short or open circuit, for the last connector. Where the
resultis solely about the last connector, such as because
the instruction to the medical device 104 was to poll only
the last connector and then report the results, then the
external device 102 may send a subsequent instruction
back at the instruction operation 404.

[0036] For instance, if the result is an open circuit for
the last connector, then the external device 102 may in-
struct that the medical device 104 continue to poll the
last connector again because the lead 106 may not be
fully inserted such that the last connector may not yet
have connectivity to the lead 106. If the resultis a normal
impedance, such as 300 ohms to 4,000 ohms, indicating
connectivity of the last connector, then the external de-
vice 102 may submit an instruction to begin impedance
testing all combinations of connectors and to report once
that is completed.

[0037] The external device 102 may then provide an
outputtoauserthatindicates a status of the lead insertion
based on the response received from the medical device
104 at an output operation 408. The output may be visual
or audible to provide an indication.

[0038] For instance, if a response is received that in-
dicates that the last connector is an open circuit, then the
output may be that the lead 106 is not properly inserted.
If the physician is working with the lead 106 to insert the
lead 106 at the time of this indication, then the user may
not act on it. However, if the physician appears to have
completed the lead insertion and this indication occurs,
the user may wish to inform the physician that the lead
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106 may not be properly inserted and that further efforts
to fully insert it may be necessary.

[0039] As another example, if a response is received
that indicates that the last connector has a normal im-
pedance, then the output may indicate that proper lead
insertion is likely and that a confirmation will be provided
after the conclusion of ongoing testing. The user may
inform the physician that the lead 106 appears to be prop-
erly inserted but that more impedance testing is being
done to confirm that conclusion. If a response is received
that indicates that any of the connections have a short
circuit, then the user may inform the physician that some-
thing is abnormal about the lead insertion, either because
there is a problem with the lead 106 or with the position
of the lead 106 within the header 120.

[0040] The logical operations of FIG. 5 may repeat
even after proper lead insertion is confirmed. For in-
stance, these logical operations may continue to instruct
the medical device 104 to perform the impedance testing
after completion of lead insertion and during device im-
plantation to ensure that short circuits and/or open cir-
cuits do not develop during the device implantation. The
external device 102 may continue to receive the re-
sponse from the medical device 104 that indicates the
result of the impedance testing at the response operation
406 and then provide the corresponding output to the
user at the output operation 408.

[0041] FIG. 6 shows an example of an operational flow
that may be performed by embodiments of the medical
device 104 during the detection of proper lead insertion.
These logical operations are complementary to those dis-
cussed above in reference to FIG. 5. Initially, the medical
device 104 receives contact from the external device 102
via wireless telemetry to establish a communication ses-
sion between the two prior to the completion of the lead
insertion procedure at a contact operation 502. This com-
munication session may be established while the lead
insertion procedure is taking place or before the lead in-
sertion procedure has begun.

[0042] Upon establishing the communication session,
the medical device 104 then receives an instruction from
the external device 102 to instruct the medical device
104 to begin impedance testing for a particular connector
set at an instruction operation 504. As described above
in relation to FIG. 5, this instruction or pre-programmed
procedure may have several variations. In one embodi-
ment, the instruction may simply be to begin impedance
testing where the medical device 104 is already pre-pro-
grammed with a procedure to follow. In another embod-
iment, the instruction may specify a particular procedure
that the medical device 104 should follow. Such proce-
dures are discussed above in relation to the instruction
operation 404 of FIG. 5.

[0043] Upon receiving the instruction, the medical de-
vice 104 may then begin to test the impedance orimped-
ances of interest at testing operation 505. Where the in-
struction or pre-programmed procedure has been to first
poll only the last connector that is expected to have elec-
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trical connectivity to the lead 106, then only the imped-
ance of that last connector is tested. Where the instruc-
tion is to test some or all connector combinations, then
impedances are tested across some or all of the combi-
nations of connectors.

[0044] During or after the impedance testing, the med-
ical device 104 may take differentapproaches depending
upon the instruction or the pre-programmed procedure.
For instance, the medical device 104 may immediately
report a result, regardless of whether connectivity has
been found on the last or any other connector, by pro-
ceeding directly to a response operation 510 where a
response is sent to the external device 102. Such imme-
diate reporting for all connectors allows the progress of
lead insertion to be reported to the external device 102
as discussed above in relation to FIG. 5. As another ap-
proach, the medical device 104 may decide whether an
impedance of the last connector is in a range indicative
of connectivity to the lead at query operation 508 and if
s0, may then proceed to the response operation 510, or
may proceed with a full battery of testing at testing oper-
ation 505, or may proceed to a query operation 506. As
another approach, the medical device 104 may decide
whether a delay period for responding to the external
device 102 has ended at a query operation 506 and if so,
may then proceed to the response operation 510 or may
proceed to the query operation 508.

[0045] The query operation 506 and query operation
508 may be implemented to reduce the amount of com-
munication occurring between the medical device 104
and the external device 102 that may be less beneficial
to determining proper lead insertion. Reducing these
communications may be of interestin order to reduce the
amount of battery power that is consumed by the com-
munications of the process of detecting proper lead in-
sertion.

[0046] As discussed above in reference to FIG. 5, the
external device 102 may respond in various ways to the
response sent by the medical device 104 atthe response
operation 510. In some cases, the external device 102
may respond by instructing that the medical device 102
continue to poll only the last connector again because
the lead 106 may not yet be fully inserted or to begin
impedance testing all combinations of connectors and to
report once thatis completed. In either case, the medical
device 104 receives the instruction at instruction opera-
tion 504, proceeds to test impedance(s) as requested at
the testing operation 505, and then carries on with the
remainder of the operations.

[0047] Additionally or alternatively, the medical device
104 may sound an audible signal at a signal operation
512 using the beeper 312 in order to produce a tone that
indicates the lead insertion status. One tone may sound
to indicate that the lead is fully inserted due to a valid
impedance being found for the last connector. Another
tone may sound to indicate that all impedance testing
has produced valid impedances such that the lead 106
is ready for use. Other tones may sound to indicate a
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lack of full insertion or an impedance that is out of range.
In such a case, the physician is given immediate feed-
back without relying on the user of the external device
102 to verbally comment on the results being received
from the IMD 104.

[0048] Thelogical operations of FIG. 6 may also repeat
even after proper lead insertion is confirmed. For in-
stance, these logical operations may continue to perform
the impedance testing at the medical device 104 after
completion of lead insertion and during device implanta-
tion to ensure that short circuits and/or open circuits do
not develop during the device implantation. The medical
device 104 may continue to send the response that indi-
cates the result of the impedance testing at the response
operation 510 as well as sound an audible tone at the
signal operation 512 to indicate that an impedance prob-
lem has occurred during device implantation.

[0049] 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 scope of the invention.

Claims

1. Anexternal device for verifying that a lead has been
fully inserted into a header of a medical device, com-
prising:

communication circuitry (210); and
aprocessor (204) controlling the communication
circuitry and being configured to:

prior to completion of the lead being insert-
ed, establish a communication session with
the medical device;

during the communication session and prior
to completion of the lead being inserted, in-
structthe medical device to begin animped-
ance test for a set of connectors that are
expected to be electrically connected to the
lead where the impedance test repeatedly
polls for impedance;

receive aresponse from the medical device
that specifies aresult of the impedance test;
provide an output thatindicates whether the
lead is fully inserted based on the response,

wherein the processor is configured to send an
instruction to the medical device to perform the
impedance test for at least one connector; and
wherein the at least one connector is a last one
that is expected to be connected due to the lead
being fully inserted and wherein the processor
is configured to send an instruction to the med-
ical device to perform the impedance test for all
connectors that are expected to have electrical
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connectivity to the lead upon receiving a re-
sponse from the medical device that indicates
that electrical connectivity is detected at the con-
nector that is the last one that is expected to be
connected due to the lead being fully inserted.

The external device of claim 1, wherein the proces-
sor is configured to send the instruction to the med-
ical device to perform the impedance test for a plu-
rality of connectors.

The external device of any of claims 1 or 2, wherein
the processor instructing the medical device to begin
the impedance test for the set of connectors that are
expected to be electrically connected to the lead
comprises instructing the medical device to respond
only upon detecting an impedance value at at least
one connector of the set that is indicative of an elec-
trical connection to the lead.

A medical device for verifying that a lead has been
fully inserted into a header of the medical device,
comprising:

communication circuitry (308); and

a processor (304) for controlling

the communication circuitry, the processor be-
ing configured to:

prior to completion of the lead being insert-
ed, establish a communication session with
an external device;

during the communication session and prior
to completion of the lead being inserted, re-
ceive an instruction to begin an impedance
testfora set of connectors that are expected
to be electrically connected to the lead;
implement the instruction to perform the im-
pedance test where the impedance test re-
peatedly polls for impedance;

send a response to the external device that
specifies a result of the impedance test;

wherein the processor is configured to imple-
ment the instruction at the medical device by
polling an impedance at at least one connector
in the header;

wherein the processor is configured to poll

the impedance at at least one connector in the
header by polling the impedance at a connector
thatis alastonethatis expected to be electrically
connected to the lead due to the lead being fully
inserted;

wherein upon detecting an impedance that indi-
cates connectivity to the lead has been estab-
lished at the connector that is the last one that
is expected to be connected due to the lead be-
ing fully inserted, the processor then is config-
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ured to report to the external device that the last
connector has connectivity to the lead; and
wherein upon detecting an impedance that indi-
cates connectivity to the lead has been estab-
lished at the connector that is the last one that
is expected to be connected due to the lead be-
ing fully inserted, and upon receiving an instruc-
tion from the external device after the processor
has reported that the last connector has connec-
tivity with the lead, the processor then is config-
ured to begin the impedance test for all connec-
tors that are expected to have electrical connec-
tivity to the lead.

The medical device of claim 4, wherein the processor
is configured to implement the instruction to

begin an impedance test at the medical device by
beginning to poll an impedance at at least one con-
nector in the header before insertion of the lead be-
gins.

The medical device of claim 4 or 5, wherein the re-
sponse indicates a value of the impedance meas-
urements, and/or wherein the response indicates
which electrical connections to the lead have a short
circuit and which have an open circuit.

The medical device of any of claims 4 to 6, wherein
the processor is configured to send the

response to the external device only upon detecting
an impedance value at at least one connector of the
set that is indicative of an electrical connection to the
lead.

The external device of any of claims 1 to 3 or of the
medical device of any of claims 4 to 7, wherein the
communication circuitry is configured to utilize a ra-
dio frequency (RF)
wireless telemetry.

The external device of any of claims 1 to 3 or the
medical device of any of claims 4 to 7. wherein the
processor is configured to establish

the communication session before insertion of the
lead begins.

Patentanspriiche

1.

Externe Vorrichtung zum Uberpriifen, ob eine Elek-
trode vollstandig in ein Kopfteil einer medizinischen
Vorrichtung eingesetzt wurde, umfassend:

eine Kommunikationsschaltung (210); und
einen Prozessor (204), der die Kommunikati-

onsschaltung steuert und konfiguriert ist, um:

vor dem Abschluss des Einsetzens der
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Elektrode eine Kommunikationssitzung mit
der medizinischen Vorrichtung einzurich-
ten;

wahrend der Kommunikationssitzung und
vor dem Abschluss des Einsetzens der
Elektrode die medizinische Vorrichtung an-
zuweisen, einen Impedanztest fiir einen
Satz von Verbindern zu beginnen, von de-
nen erwartetwird, dass sie mitder Elektrode
elektrisch verbunden sind, wobei der Impe-
danztest wiederholt die Impedanz abfragt;
eine Antwort von der medizinischen Vor-
richtung zu empfangen, die ein Ergebnis
des Impedanztests angibt;

eine Ausgabe bereitzustellen, die anzeigt,
ob die Elektrode basierend auf der Antwort
vollstdndig eingesetzt wurde,

wobei der Prozessor konfiguriertist, eine Anwei-
sung an die medizinische Vorrichtung zu sen-
den, den Impedanztest flir mindestens einen
Verbinder durchzufihren; und

wobei der mindestens eine Verbinder ein letzter
ist, von dem erwartet wird, dass er aufgrund des-
sen, dass die Elektrode vollstdndig eingesetzt
ist, verbundenist, und wobei der Prozessor kon-
figuriertist, eine Anweisung an die medizinische
Vorrichtung zu senden, den Impedanztest fiir al-
le Verbinder durchzufiihren, von denen erwartet
wird, eine elektrische Verbindung mit der Elek-
trode aufzuweisen, wenn eine Antwort von der
medizinischen Vorrichtung empfangen wird, die
anzeigt, dass eine elektrische Verbindung an
dem Verbinder erfasst wird, der der letzte ist,
von dem erwartet wird, dass er aufgrund des-
sen, dass die Elektrode vollstdndig eingesetzt
ist, verbunden ist.

Externe Vorrichtung nach Anspruch 1, wobei der
Prozessor konfiguriert ist, die Anweisung an die me-
dizinische Vorrichtung zu senden, den Impedanztest
flr eine Vielzahl von Verbindern durchzufiihren.

Externe Vorrichtung nach einem der Anspriiche 1
oder 2, wobei das Anweisen der medizinischen Vor-
richtung durch den Prozessor, den Impedanztest fur
den Satz von Verbindern zu beginnen, von denen
erwartet wird, mit der Elektrde elektrisch verbunden
zu sein, das Anweisen der medizinischen Vorrich-
tung umfasst, nur dann zu antworten, wenn ein Im-
pedanzwert an mindestens einem Verbinder des
Satzes erfasst wird, der eine elektrische Verbindung
mit der Elektrode anzeigt.

Medizinische Vorrichtung zum Uberpriifen, ob eine
Elektrode vollstandig in ein Kopfteil der medizini-
schen Vorrichtung eingesetzt wurde, umfassend:
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eine Kommunikationsschaltung (308); und
einen Prozessor (304) zum Steuern der Kom-
munikationsschaltung, wobei der Prozessor
konfiguriert ist, um:

vor dem Abschluss des Einsetzens der
Elektrode eine Kommunikationssitzung mit
der medizinischen Vorrichtung einzurich-
ten;

wahrend der Kommunikationssitzung und
vor dem Abschluss des Einsetzens der
Elektrode eine Anweisung zu empfangen,
einen Impedanztest fiir einen Satz von Ver-
bindern zu beginnen, von denen erwartet
wird, dass sie mit der Elektrode elektrisch
verbunden sind,

die Anweisung zu implementieren, den Impe-
danztest durchzufiihren, wobei der Impedanz-
test wiederholt die Impedanz abfragt;

eine Antwort an die externe Vorrichtung zu sen-
den, die ein Ergebnis des Impedanztests angibt;
wobei der Prozessor konfiguriert ist, die Anwei-
sung an der medizinischen Vorrichtung zu imp-
lementieren, indem eine Impedanz an mindes-
tens einem Verbinder in dem Kopfteil abgefragt
wird;

wobei der Prozessor konfiguriert ist, die Impe-
danz an mindestens einem Verbinder in dem
Kopfteil abzufragen, indem die Impedanz an ei-
nem Verbinder abgefragt wird, der ein letzter ist,
von dem erwartet wird, dass er aufgrund des-
sen, dass die Elektrode vollstandig eingesetzt
ist, elektrisch mit der Elektrode verbunden ist;
wobei nach dem Erfassen einer Impedanz, die
anzeigt, dass eine Verbindung zu der Elektrode
andem Verbinder hergestellt worden ist, der der
letzte ist, von dem erwartet wird, dass er auf-
grund dessen, dass die Elektrode vollstéandig
eingesetzt ist, verbunden ist, der Prozessor
dann konfiguriert ist, der externen Vorrichtung
zu melden, dass der letzte Verbinder eine Ver-
bindung mit der Elektrode aufweist; und

wobei nach dem Erfassen einer Impedanz, die
anzeigt, dass eine Verbindung zu der Elektrode
andem Verbinder hergestellt worden ist, der der
letzte ist, von dem erwartet wird, dass er auf-
grund dessen, dass die Elektrode vollstéandig
eingesetzt ist, verbunden ist und nach dem
Empfangen einer Anweisung von der externen
Vorrichtung, nachdem der Prozessor gemeldet
hat, dass der letzte Verbinder eine Verbindung
mit der Elektrode aufweist, der Prozessor dann
konfiguriert ist, den Impedanztest fir alle Ver-
binder zu beginnen, von denen erwartet wird,
dass sie eine elektrische Verbindung zu der
Elektrode aufweisen.
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5.

Medizinische Vorrichtung nach Anspruch 4, wobei
der Prozessor konfiguriert ist, die Anweisung zu im-
plementieren, einen Impedanztest an der medizini-
schen Vorrichtung zu beginnen, indem begonnen
wird, eine Impedanz an mindestens einem Verbinder
im Kopfteil abzufragen, bevor mitdem Einsetzen der
Elektrode begonnen wird.

Medizinische Vorrichtung nach Anspruch 4 oder 5,
wobeidie Antwort einen Wert der Impedanzmessun-
genanzeigtund/oder wobei die Antwort anzeigt, wel-
che elektrischen Verbindungen zu der Elektrode ei-
nen Kurzschluss aufweisen und welche eine offene
Schaltung aufweisen.

Medizinische Vorrichtung nach einem der Anspru-
che 4 bis 6, wobei der Prozessor konfiguriert ist, die
Antwort zu der externen Vorrichtung nur dann zu
senden, wenn ein Impedanzwert an mindestens ei-
nem Verbinder des Satzes erfasst wird, der eine
elektrische Verbindung zu der Elektrode anzeigt.

Externe Vorrichtung nach einem der Anspriiche 1
bis 3 oder der medizinischen Vorrichtung nach ei-
nem der Anspriiche 4 bis 7, wobei die Kommunika-
tionsschaltung konfiguriert ist eine drahtlose Radio-
frequenz(RF)-Telemetrie einzusetzen.

Externe Vorrichtung nach einem der Anspriiche 1
bis 3 oder medizinische Vorrichtung nach einem der
Anspriiche 4 bis 7, wobei der Prozessor konfiguriert
ist, die Kommunikationssitzung einzurichten, bevor
mit dem Einsetzen der Elektrode begonnen wird.

Revendications

1.

Dispositif externe de vérification de I'insertion com-
pléte d’une dérivation dans une embase d’un dispo-
sitif médical, comprenant :

un circuit de communication (210) ; et
un processeur (204) commandant le circuit de
communication et étant configuré pour :

avant l'insertion compléte de la dérivation,
établir une session de communication avec
le dispositif médical ;

durant la session de communication et
avant l'insertion compléte de la dérivation,
donner l'instruction au dispositif médical de
débuter un test d'impédance pour un en-
semble de raccords dont on s’attend a ce
qu’ils soient électriquement raccordés a la
dérivation ou le test d'impédance interroge
plusieurs fois pour I'impédance ;

recevoir une réponse du dispositif médical
qui  spécifie un résultat du test
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d'impédance ;

fournir une donnée de sortie qui indique si
la dérivation est completement insérée sur
la base de la réponse ;

dans lequel le processeur est configuré
pour envoyer au dispositif médical une ins-
truction de réaliser le test d’'impédance pour
au moins un raccord ; et

dans lequel 'au moins un raccord est un
dernier dont on s’attend a ce qu'il soit rac-
cordé en raison de l'insertion compléte de
la dérivation et dans lequel le processeur
est configuré pour envoyer au dispositif meé-
dical une instruction de réaliser le test d’im-
pédance pourtous les raccords donton s’at-
tend a ce qu'ils aient une connectivité élec-
trique avec la dérivation lors de la réception
d’'une réponse du dispositif médical qui in-
dique la détection d’'une connectivité élec-
trique au niveau duraccord qui estle dernier
dont on s’attend a ce qu'’il soit raccordé en
raison de l'insertion compléte de la dériva-
tion.

Dispositif externe selon la revendication 1, dans le-
quel le processeur est configuré pour envoyer au
dispositif médical I'instruction de réaliser le test d’im-
pédance pour une pluralité de raccords.

Dispositif externe selon 'une quelconque des reven-
dications 1 ou 2, dans lequel l'instruction donnée par
le processeur au dispositif médical l'instruction de
débuter le test d'impédance pour I'ensemble de rac-
cords dont on s’attend a ce qu’ils soient électrique-
ment raccordés a la dérivation comprend l'instruc-
tion au dispositif médical de ne répondre que lors de
la détection d’'une valeur d'impédance au niveau
d’au moins un raccord de 'ensemble qui indique un
raccordement électrique a la dérivation.

Dispositif médical de vérification de I'insertion com-
pléte d’'une dérivation dans une embase d’un dispo-
sitif médical, comprenant :

un circuit de communication (308) ; et

un processeur (304) pour commander le circuit
de communication,

le processeur étant configuré pour :

avant l'insertion compléte de la dérivation,
établir une session de communication avec
un dispositif externe;

durant la session de communication et
avant l'insertion compléte de la dérivation,
recevoir une instruction de débuter un test
d'impédance pourun ensemble de raccords
dont on s’attend a ce qu'ils soient électri-
quement raccordés a la dérivation ;
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10

mettre en oeuvre l'instruction de réaliser un
test d'impédance ou le test d’'impédance in-
terroge plusieurs fois pour 'impédance ;
envoyer une réponse au dispositif externe
qui spécifie un résultat du test d'impédance;
dans lequel le processeur est configuré
pour mettre en oeuvre l'instruction au ni-
veau du dispositif médical par interrogation
d’'une impédance au niveau d’au moins un
raccord dans I'embase ;

dans lequel le processeur est configuré
pour interroger I'impédance au niveau d’au
moins un raccord dans I'embase par inter-
rogation de 'impédance au niveaud’'unrac-
cord qui est un dernier dont on s’attend a
ce qu'il soit électriquementraccordé ala dé-
rivation en raison de l'insertion compléte de
la dérivation ;

dans lequel lors de la détection d’'une impé-
dance quiindique qu’une connectivité avec
la dérivation a été établie au niveau du rac-
cord qui est le dernier dont on s’attend a ce
qu’il soit raccordé en raison de linsertion
compléte de la dérivation, le processeur est
alors configuré pour rapporter au dispositif
externe que le dernier raccord a une con-
nectivité avec la dérivation ; et

dans lequel lors de la détection d’'une impé-
dance quiindique qu’une connectivité avec
la dérivation a été établie au niveau du rac-
cord qui est le dernier dont on s’attend a ce
qu’il soit raccordé en raison de linsertion
compléte de la dérivation, et lors de la ré-
ception d’une instruction du dispositif exter-
ne apres que le processeur a rapporté que
le dernier raccord a une connectivité avec
la dérivation, le processeur est alors confi-
guré pour débuter le test d'impédance pour
tous les raccords dont on s’attend a ce qu’ils
aientune connectivité électrique avec la dé-
rivation.

Dispositif médical selon la revendication 4, dans le-
quel le processeur est configuré pour mettre en
oeuvre linstruction de débuter un test d'impédance
au niveau du dispositif médical en commengant a
interroger une impédance au niveau d’au moins un
raccord dans I'embase avant de commencer a insé-
rer la dérivation.

Dispositif médical selon larevendication 4 ou 5, dans
lequel la réponse indique une valeur des mesures
d'impédance, et/ou dans lequel la réponse indique
les raccordements électriques a la dérivation qui ont
un court-circuit et ceux qui ont un circuit ouvert.

Dispositif médical selon I'une quelconque des reven-
dications 4 a 6, dans lequel le processeur est confi-



19 EP 2 429 651 B1

guré pour envoyer la réponse au dispositif externe
uniquement lors de la détection d’une valeur d’'im-
pédance au niveau d’au moins un raccord de I'en-
semble qui indique un raccordement électrique a la
dérivation.

Dispositif externe selon 'une quelconque des reven-
dications 1 a 3 ou du dispositif médical selon I'une
quelconque des revendications 4 a 7, dans lequel le
circuit de communication est configuré pour utiliser
une télémétrie sans fil radio fréquence (RF).

Dispositif externe selon 'une quelconque des reven-
dications 1 a 3, ou le dispositif médical selon I'une
quelconque des revendications 4 a 7, dans lequel le
processeur est configuré pour établir la session de
communication avant que 'insertion de la dérivation
débute.
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