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Description
BACKGROUND OF THE INVENTION

[0001] This invention relates generally to methods of
identifying implanted medical devices and implantable
lead wires and systems. More specifically, this invention
relates to radio frequency identification (RFID) tags for
use with medical devices and lead systems implanted in
a patient.

[0002] There are known in the art various methods for
identifying implanted medical devices. One such method
is the use of X-ray identification tags encapsulated within
header blocks of pacemakers orimplantable cardioverter
defibrillators (ICD). Such X-ray identification tags can be
read on an X-ray of the implanted device and provide
information to the physician. The information so provided
is limited due to space and typically includes only the
manufacturer and model number of the implanted device.
[0003] It would be beneficial if physicians were able to
obtain additional information about an implanted device
and/or a patient from an implanted identification tag.
Such beneficial information includes, in addition to the
manufacturer and model number of the device, the serial
number of the device, the treating physician’s name and
contact information and, if authorized by the patient, the
patient’s name, contact information, medical condition
and treatment, and other relevant information concerning
device program parameters and the like.

[0004] Currently, most active implantable medical de-
vice (AIMD) patients carry some sort of identification.
This could be in the form of a card carried in the wallet
or an ID bracelet indicating, for example, that they are a
pacemaker wearer of a certain model and serial number.
However, such forms of identification are often not reli-
able. It is quite common for an elderly patient to be pre-
sented at the emergency room (ER) of a hospital without
their wallet and without wearing any type of a bracelet.
In addition, there have been a number of situations where
the patient (due to dementia or Alzheimer’s, etc.) cannot
clearly state that he or she even has a pacemaker.
[0005] Often times the ER physician will palpitate the
patient’s chest and feel that there is an implanted device
present. If the patient is comatose, has low blood pres-
sure, or is in another form of cardiac distress, this
presents a serious dilemma for the ER. At this moment
intime, all that the ER knows is that the patient has some
sort of an AIMD implant in his or her chest. It could be a
pacemaker, a cardioverter defibrillator, or even a vagus
nerve stimulator or deep brain stimulator. What happens
next is both laborious and time consuming. The ER phy-
sician will have various manufacturers’ internal program-
mers transported from the hospital cardiology laboratory
down to the ER. ER personnel will then try to interrogate
the implantable medical device to see if they can deter-
mine what it is. For example, they might first try to use a
Medtronic programmer to see if it is a Medtronic pace-
maker. Then they might try a St. Jude, a Guidant, an
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ELA, aBiotronik or one of a number of other programmers
that are present. If none of those programmers work,
then the ER physician has to consider that it may be a
neurostimulatorand perhaps go geta Cyberonics or Neu-
ropace programmer.

[0006] It would be a great advantage and potentially
life saving if the ER physician could very quickly identify
the type of implant and model number. In certain cases,
for example, with a pacemaker patient who is in cardiac
distress, with an external programmer they could boost
the pacemaker output voltage to properly recapture the
heart, obtain a regular sinus rhythm and stabilize blood
pressure. All of the lost time running around to find the
right programmer, however, generally precludes this. Ac-
cordingly, there is a need for a way to rapidly identify the
type and model number of an active implantable medical
device so that the proper external programmer for it can
be rapidly identified and obtained.

[0007] Itisalsoimportantto note thatlead wire systems
generally remain in the human body much longer than
the active implantable medical device itself. Forexample,
in the case of a cardiac pacemaker, the cardiac pace-
maker batteries tend to last for 5 to 7 years. It is a very
difficult surgical procedure to actually remove leads from
the heart once they are implanted. This is because the
distal TIP of the lead wires tend to become embedded
and overgrown by myocardial tissue. It often takes very
complex surgical procedures, including open heart sur-
gery, to remove such lead wire systems. When a pace-
maker is replaced, the pectoral pocketis simply reopened
and a new pacemaker is plugged into the existing lead
wire. However, it is also quite common for lead wires to
fail for various reasons. They could fail due to breakdown
of electrical insulation or they could migrate to an improp-
er position within the heart. In this case, the physician
normally snips the lead wires off and abandons them and
then installs new lead wires in parallel with the old aban-
doned leads.

[0008] Abandoned lead wires can be quite a problem
during certain medical diagnostic procedures, such as
MRI. It has been demonstrated in the literature that such
lead wires can greatly overheat due to the powerful mag-
netic fields induced during MRI. Accordingly, it is impor-
tant that there be a way of identifying abandoned leads
and the lead type. Accordingly, there is a need to identify
such abandoned lead wires to an Emergency Room phy-
sician or other medical practitioner who may contemplate
performing a medical diagnostic procedure on the patient
such as MRI. This is in addition to the need to also identify
the make and model number of the active implantable
medical device.

[0009] Itis alsoimportant to note that certain lead wire
systems are evolving to be compatible with a specific
type of medical diagnostic procedure. For example, U.S.
Patent Application Serial Nos. 11/558,349 and
11/423,073, both of which being incorporated by refer-
ence in full herein, disclose the use of tank filters placed
in series with lead wires or circuits of active medical de-
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vices to enhance their MRl compatibility. MRI systems
vary in static field strength from 0.5 Tesla all the way
above 10 Tesla. A very popular MRI system, for example,
operates at 3 Tesla and has a pulse RF frequency of 128
MHz. There are specific certain lead wire systems that
are evolving in the marketplace that would be compatible
with only this type of MRI system. In other words, it would
be dangerous for a patient with a lead wire designed for
3 Tesla to be exposed to a 1.5 Tesla system. Thus, there
is also a need to identify such lead wire systems to Emer-
gency Room and other medical personnel when neces-
sary. For example, a patient that has a lead wire system
that has been specifically designed for use with a 3 Tesla
MRI system may have several pacemaker replacements
over the years.

[0010] Itis already well known in the prior art that RFID
tag implants can be used for animals, for example, for
pet tracking. It is also used in the livestock industry. For
example, RFID tags can be placed in cattle to identify
them and track certain information. There is also approval
from the FDA for an injectable RFID tag into a human. A
problem with this has to do with the fact that none of the
current RFID tags have been designed to have long term
reliability and biocompatibility within the body fluid envi-
ronment.

[0011] Other general methods, none of which are spe-
cificto AIMDs, include encapsulating an RFID tagin plas-
tic or placing the RFID tag in a plastic or glass tube with
an epoxy infill. However, as will be discussed more fully
below, none of these materials provide a truly hermetic
seal against body fluids.

[0012] Accordingly, there is a need for an improved
medical identification tag that can store additional infor-
mation about an implanted device and/or a patient, with-
out unduly increasing the size of the identification tag or
jeopardizing the operation of the implanted device or the
health of the patient, while providing a better hermetic
seal.

[0013] The present invention meets these needs by
providing an RFID tag that can be enclosed within an
AIMD, introduced into a patient’s body adjacent to an
AIMD, or attached to or otherwise associated with a lead
wire system. The RFID tag of the present invention is
capable of storing information about the medical device,
the lead wire system, the physician, and the patient, as
described above.

SUMMARY OF THE INVENTION

[0014] The presentinvention is directed to systems for
identifying medical implants within a patient and/or re-
trieving medical information from a patient, comprising
an implantable medical device and/or lead wire system,
a radio frequency identification (RFID) tag having an an-
tenna and being associated with the implantable medical
device or lead wire system, the RFID tag containing in-
formation relating to the patient and/or the implantable
medical device or lead wire system, and an interrogator
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capable of communicating with the RFID tag. With in-
formed patient consent, patient information can include
the name of the patient, date of birth, contact information,
name of the patient’s physicians, and information about
the patient’s medical history and condition. In a particu-
larly preferred embodiment, the AIMD and/or the lead
wire associated therewith, or even abandoned lead
wires, incorporate one or more bandstop filters, also re-
ferred to as tank filters, employing a capacitor and an
inductor circuit so as to be MRI compatible at one or more
MRI signals. The RFID, in such instances, includes in-
formation relating to the bandstop filters, and the MRI
frequency with which the AIMD and/or lead wires are
compatible.

[0015] Such implantable medical devices may include
active implantable medical devices (AIMD) such as a car-
diac pacemaker, an implantable defibrillator, a conges-
tive heart failure device, a hearing implant, a cochlear
implant, a neurostimulator, a drug pump, a ventricular
assist device, an insulin pump, a spinal cord stimulator,
an implantable sensing system, a deep brain stimulator,
an artificial heart, an incontinence device, a vagus nerve
stimulator, a bone growth stimulator, a gastric pacemak-
er, a Bion, or a prosthetic device and component parts
thereof, including lead wires or abandoned lead wires.
The active implantable medical device may include a
non-metallic header block in which the RFID tag is im-
planted.

[0016] The presentinvention optionally includes a bio-
compatible and hermetically sealed container in which
the RFID tag is disposed. The container may comprise
a housing, and an encapsulant made of a thermal-setting
polymer or a silicone material within the housing sur-
rounding at least a portion of the RFID tag. The housing
is typically manufactured of ceramic, glass, porcelain,
sapphire and composites thereof, or specialty polymer
composites. Further, a desiccant, also known as a mois-
ture getter, may be disposed within the housing adjacent
to the RFID tag. The container may further include a bio-
compatible end cap hermetically sealed to the housing.
The container may also include a fixation hole for affixing
the container to body tissue or a lead wire and an optional
X-ray identification tag.

[0017] The RFID tag may be read-only or readable/
writable. The interrogator may be a reader/writer device
and may be in communication with a computer or com-
puter network.

[0018] The presentinvention is also directed to a proc-
ess for identifying the implant within a patient. The proc-
ess comprises the steps of:

associating a radio frequency identification (RFID)
tag with a lead wire system for an active implantable
medical device (AIMD), the RFID tag being readable/
writable and having retrievable information relating
to the AIMD;

remotely interrogating the RFID tag to retrieve infor-
mation relating to the AIMD and the lead wire system;
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and

re-writing the retrievable information on the RFID tag
when the lead wire system becomes associated with
a replacement AIMD.

[0019] The process may further comprise the step of
embedding the RFID tag in a header block of the active
implantable medical device, or encasing the RFID tag in
a biocompatible and hermetically sealed container in-
cluding a ceramic housing and an encapsulant within the
housing surrounding at least a portion of the RFID tag.
The encapsulant may be comprised of a thermal-setting
polymer or a silicone material. An end cap may be her-
metically sealed to the housing. The container may also
include a fixation hole for affixing the container to body
tissue or a lead wire and an X-ray identification tag.
[0020] Other features and advantages of the present
invention will become apparent from the following more
detailed description, taken in conjunction with the accom-
panying drawings, which illustrate, by way of example,
the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings illustrate the in-
vention. In such drawings:

FIGURE 1 is an isometric view of a typical AIMD
fitted with a biocompatible enclosed RFID tag of the
present invention.

FIGURE 2 is an isometric view that isolates the head-
er block of the AIMD shown in FIG. 1 and a close-
up view (FIG. 2A) of the embedded RFID tag.
FIGURE 3 is a depiction of a patient with an AIMD
fitted with an RFID tag of the present invention and
an external interrogator/reader.

FIGURE 4 is a wire-formed diagram of the generic
human body showing a number of active medical
devices (AIMDs) and associated internal and exter-
nal lead wires.

FIGURE 5 is an isometric view of a biocompatible
and hermetically sealed container in accordance
with the present invention.

FIGURE 6 is a vertical cross-section of the biocom-
patible and hermetically sealed container taken
along line 6-6 of FIG. 5.

FIGURE 7A is a horizontal cross-section of the bio-
compatible and hermetically sealed container taken
along line 7-7 of FIG. 5.

FIGURE 7Biis a horizontal cross-section of a square-
shaped alternative of the biocompatible and hermet-
ically sealed container taken along line 7-7 of FIG. 5.
FIGURE 7C is a horizontal cross-section of a rec-
tangular alternative of the biocompatible and her-
metically sealed container taken along line 7-7 of
FIG. 5.

FIGURE 7D is a horizontal cross-section of an ellip-
tical or oval alternative of the biocompatible and her-
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metically sealed container taken along line 7-7 of
FIG. 5.

FIGURE 8 is a vertical cross-section of an alternative
construction of the biocompatible and hermetically
sealed container of the present invention.

FIGURE 9 is a vertical cross-section of another al-
ternative construction of the biocompatible and her-
metically sealed container of the present invention.
FIGURE 10 is a vertical cross-section of yet another
alternative construction of the biocompatible and
hermetically sealed container of the present inven-
tion.

FIGURE 11 illustrates the assembly of the biocom-
patible and hermetically sealed container of the
present invention including an X-ray identification
tag.

FIGURE 12 is an isometric view of an alternative
tissue fixation end cap for use with the biocompatible
and hermetically sealed container of the present in-
vention.

FIGURE 13 is a block diagram depicting operation
of a system including the RFID tag of the present
invention.

FIGURE 14 is a top view of an RFID tag and antenna
of the present invention.

FIGURE 15 is a block diagram depicting operations
of an alternative system including an RFID tag of the
present invention.

FIGURE 16 is a block diagram depicting operation
of another alternative system including an RFID tag
of the present invention.

FIGURE 17 is a block diagram depicting operation
of yet another alternative system including an RFID
tag of the present invention.

FIGURE 18 is an isometric view of an alternative
embodiment of the biocompatible and hermetically
sealed container of the present invention.

FIGURE 18A is an isometric view of another alter-
native end cap for use with the biocompatible and
hermetically sealed container of the present inven-
tion.

FIGURE 19 is a cross-sectional view of a large nee-
dle syringe and biocompatible and hermetically
sealed container of the present invention.

FIGURE 20 an enlarged cross-sectional view of the
encapsulated RFID tag in the biocompatible and her-
metically sealed container depicted in FIG. 18;
FIGURE 21 is a fragmented sectional view of a prior
art unipolar hermetic terminal typically used in active
implantable medical devices.

FIGURE 22 is an enlarged, partially fragmented per-
spective view of the feedthrough capacitor shown in
FIG. 20.

FIGURE 23 is a schematic electrical diagram of the
coaxial feedthrough capacitor of FIG. 22.

FIGURE 24 illustrates various EMI attenuation
curves for several different multi-element EMI filters.
FIGURE 25 is a perspective view of a quadpolar
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feedthrough capacitor combined with a lossy ferrite
inductor slab.

FIGURE 26 is an enlarged sectional view taken gen-
erally along the line 26-26 of FIG. 25.

FIGURE 27 is a sectional view similar to FIG. 26
illustrating a quadpolar feedthrough filter terminal
constructed in an LL configuration.

FIGURE 28 is an electrical schematic diagram of the
feedthrough terminal illustrated in FIG. 27.
FIGURE 29 is a perspective and somewhat sche-
matic view of an active implantable medical device
(AIMD) including lead wires directed to a heart of a
patient, and an interrogator and access device for
reading information from RFID tags associated with
the lead wires or AIMD.

FIGURE 30is an enlarged view of a lead wire of FIG.
29, illustrating the attachment of an RFID tag thereto.
FIGURE 31 is an enlarged view similar to FIG. 30,
but illustrating another method of attachment of the
RFID tag to the lead wire.

FIGURE 32 is yet another enlarged view of an RFID
tag attached to the lead wire.

FIGURE 33 is a diagram of a unipolar active implant-
able medical device having RFID tags associated
therewith.

FIGURE 34 is a diagram similar to FIG. 33, illustrat-
ing a bipolar AIMD system.

FIGURE 35 is a diagram similar to FIGS. 33 and 34,
illustrating a bipolar lead wire system and a distal
TIP and RING, typically used in a cardiac pacemak-
er.

FIGURE 36 is a schematic diagram showing a par-
allel combination of an inductor L and a capacitor C
forming a TANK or bandstop filter, which can be
placed in the lead wire system of FIGS. 33-35.
FIGURE 37 is a schematic diagram similar to FIG.
36, but illustrating an AIMD with multiple lead wires,
each lead wire incorporating multiple TANK filters,
in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0022] The present invention is directed to a radio fre-
quency identification (RFID) system for use with active
implantable medical devices (AIMDs) and implantable
lead wire systems. Specifically, the RFID system com-
prises an RFID tag implanted in a patient’s body and
associated with an implanted AIMD or lead wire system,
and an interrogator in communication with the RFID tag.
[0023] FIGURE 1isanisometric view of a typical AIMD
10, such as a cardiac pacemaker. Cardiac pacemakers
typically have a metallic housing 18 which can be of tita-
nium, stainless steel or the like. This metallic housing 18
is laser welded shut and generally contains a hermetic
feedthrough terminal 30 for passage of lead wires 32 into
the interior of the metallic housing 18. Said hermetic
feedthrough terminals 30 are well known in the art and
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are generally laser welded into the metallic housing 18
of the implantable medical device. The lead wires 32 as
shown in FIG. 1, are generally routed to connectors 34.
The connectors 34 provide a convenient location to plug
in the lead wires 32 which are routed to the heart for
pacing and biologic sensing. The connector assembly
30, 32, 34 is generally encapsulated within a molded non-
metallic, i.e., plastic or ceramic, header block 36, as
shown. Usually, this header block 36 is of clear casting
materials which are wellknown in the art. Opaque thermal
setting or chemically setting materials may also be used.
[0024] Referringonce againto FIG. 1, thereis an RFID
tag 12 which has been cast into the header block 36. Not
shown are suitable fixtures used to position the connec-
tors 34 and RFID tag 12 during the casting of the header
block 36. The RFID tag 12 shown in FIG. 1 may be en-
closed within a biocompatible and hermetically sealed
container 40 as will be described below.

[0025] FIGURE 2 isolates the header block 36 of FIG.
1 with an RFID tag 12 embedded within the header block
36. In this case, the RFID tag 12 is not enclosed within
a biocompatible and hermetically sealed container 40.
As shown in FIG. 2A, the RFID tag 12 has a substrate
22, an antenna or coil 14, and an RFID chip 16. The
substrate 22 may comprise single or multiple layers. The
antenna 14 is for both receiving electromagnetic energy
to power the RFID chip 16 and for retransmitting a digital
pulse. These devices are well known in the art.

[0026] RFID standards are evolving worldwide at var-
ious frequencies. For example, a 915 MHz protocol is
generally evolving to be used for retail goods and inven-
tory control. However, due to the high frequency, the 915
MHz protocols are not very useful for human implants.
The reason for this is that humans are largely water and
915 MHz fields are greatly affected by the presence of
water. The preferred embodiment is another RFID pro-
tocol which operates at 125 to 135 kHz or 13.56 MHz
which is ideal for an implantable RFID tag. The 13.56
MHz lower frequency will readily penetrate and commu-
nicate with the tag instead of reflecting off of the skin
surface or being absorbed. There are other lower fre-
quency RFID systems, for example, in the 130 kHz range
which would also be suitable. In alternate embodiments,
the RFID tag 12 may be enclosed in a biocompatible and
hermetically sealed container 40, as shown in FIG. 5 and
as will be described more fully below.

[0027] FIGS. 1 and 2 both show a non-hermetically
sealed RFID tag 12 which is encapsulated within the
molded header block of an AIMD such as a cardiac pace-
maker. Such molded header blocks are common in the
industry and are designated by ISO Standards IS-1, DF-
1 or I1S-4 or the equivalent. These header blocks 36 typ-
ically contain a connector system so that the medical
practitioner can plug in lead wires for example those that
would run from the pacemaker into the chambers of the
heart. Referring to FIG. 1 one can see that this header
block material is a solid encapsulated material such as
an epoxy, thermal setting polymer or the like. In general
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such materials are not considered truly hermetic and will
have leak rates varying from 10-5 to 10-6 cubic centime-
ters per second. Accordingly, if such active implantable
medical device as shown in FIG. 1 were implanted for
long periods of time, then body fluids would eventually,
due to the bulk permeability of the header block 36 ma-
terial reach the electronic circuits of the RFID tag 12.
Body fluids are comprised primarily of water and dis-
solved salts including sodium, chlorine, potassium, cal-
cium and the like. These are ionic and if they reach the
surfaces of the RFID tag 12 it will readily short it out.
Thus, in the preferred embodiment as will be described
herein, the RFID tag 12 will be hermetically sealed. How-
ever, a short term medical implant device placement of
the RFID chip within the header block 36 would be ac-
ceptable. For example, the average life of most cardiac
pacemakers is five to seven years. The lead wires are
left in place while pacemakers are replaced as their bat-
teries deplete. Accordingly, in the present invention it
would be acceptable to place a non-hermetically sealed
RFID tag 12 into an encapsulated header block as shown
in FIG. 2 as long as this was not designed for a long term
implant. Long term implants would include cochlear im-
plants, certain neurostimulators or Bions which could be
in the human body for forty years or longer, and the like.
[0028] The hermetic seal characteristics of the header
block assembly 36 depend upon the ability of the molding
or plastic materials of the header block 36 to prevent
body fluids from penetrating to the RFID tag 12. Pene-
tration of body fluids over time to the RFID tag 12 may
cause degradation of insulation resistance, or short cir-
cuits. Accordingly, hermetically encapsulating the RFID
tag 12, as will be described below, is the preferred em-
bodiment.

[0029] FIGURE 3is an outline drawing of an adultmale
pacemaker patient with an AIMD 10. FIGURE 3 shows
a dashed ellipse which indicates one potential location
for an AIMD 10. The location shown in FIG. 1 is typical
of a right or left pectoral muscle implant. Right and left
pectoral muscle implants are typical for a cardiac pace-
maker or implantable cardioverter defibrillator (ICD). The
right and left pectoral muscle region is chosen due to the
easy access to the subclavian veins for insertion of lead
wires and electrodes down into the heart. The present
invention may also find application in other AIMDs such
as, an implantable defibrillator, a congestive heart failure
device, a hearing implant, a cochlear implant, a neuros-
timulator, a drug pump, a ventricular assist device, a drug
pump, a spinal cord stimulator, an implantable sensing
system, a deep brain stimulator, an artificial heart, an
incontinence device, a vagus nerve stimulator, a bone
growth stimulator, a gastric pacemaker, or a prosthetic
device.

[0030] With reference now to FIG. 4, various types of
active implantable and external medical devices 10 that
are currently in use are shown in which the present in-
vention may find application. FIG. 4 is a wire formed di-
agram of a generic human body showing a number of
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implanted medical devices. 10A is a family of external
and implantable hearing devices which can include the
group of hearing aids, cochlear implants, piezoelectric
sound bridge transducers and the like. 10B includes an
entire variety of neurostimulators and brain stimulators.
Neurostimulators are used to stimulate the Vagus nerve,
for example, to treat epilepsy, obesity and depression.
Brain stimulators are similar to a pacemaker-like device
and include electrodes implanted deep into the brain for
sensing the onset of the seizure and also providing elec-
trical stimulation to brain tissue to prevent the seizure
from actually happening. The lead wires that come from
a deep brain stimulator are often placed using real time
imaging. Most commonly such lead wires are placed dur-
ing real time MRI. 10C shows a cardiac pacemaker which
is well-known in the art. 10D includes the family of left
ventricular assist devices (LVAD’s), and artificial hearts,
including the recently introduced artificial heart known as
the Abiocor. 10E includes an entire family of drug pumps
which can be used for dispensing of insulin, chemother-
apy drugs, pain medications and the like. Insulin pumps
are evolving from passive devices to ones that have sen-
sors and closed loop systems. That is, real time monitor-
ing of blood sugar levels will occur. These devices tend
to be more sensitive to EMI than passive pumps that
have no sense circuitry or externally implanted lead
wires. 10F includes a variety of external or implantable
bone growth stimulators for rapid healing of fractures.
10G includes urinary incontinence devices. 10H includes
the family of pain relief spinal cord stimulators and anti-
tremor stimulators. 10H also includes an entire family of
other types of neurostimulators used to block pain. 10l
includes a family of implantable cardioverter defibrillators
(ICD) devices and also includes the family of congestive
heart failure devices (CHF). This is also known in the art
as cardio resynchronization therapy devices, otherwise
knows as CRT devices. 10J illustrates an externally worn
pack. This pack could be an external insulin pump, an
external drug pump, an external neurostimulator, a Holter
monitor with skin electrodes or even a ventricular assist
device power pack. 10K illustrates the insertion of an
external probe or catheter. These probes can be inserted
into the femoral artery, for example, or in any other
number of locations in the human body.

[0031] Referring once again to FIG. 3, one can see an
interrogator 20, also known as a hand held scanner or
reader. The interrogator 20 transmits an electromagnetic
field pulse 26 which is intercepted by the antenna 14 that
is part of the implanted RFID tag 12. The implanted RFID
tag 12 is generally passive. That means that it does not
have its own self-contained source of energy such as a
battery. The electromagnetic field 26 that comes from
the interrogator 20 resonates with the antenna 14 and
RFID chip 16 providing energy for the RFID chip 16 to
generate a signal and the antenna 14 to emit a return
pulse 28. This pulse 28 is picked up by an antenna 14 in
the interrogator 20. The pulse 28 contains digital modu-
lation. As previously described, this digital modulation
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can contain information such as the model number of the
patient’s AIMD, the serial number of the AIMD, the man-
ufacturer of the lead wire system, the name of patient’s
physician, and contact information for the physician. In
addition, if the patient authorizes, the digital pulse can
also contain the patient’'s name, the patient’'s medical
condition, the patient’s address and telephone number,
and other pertinent information.

[0032] As described above, in a particularly preferred
embodiment, the RFID tag 12 is hermetically encapsu-
lated. FIGURE 5 is an isometric view of a biocompatible
and hermetically sealed container 40 in accordance with
the presentinvention. This hermetically sealed container
40is designed to encase the RFID tag 12. Since the RFID
tag 12 is generally constructed of materials that are not
long term biocompatible and body fluid resistant, it is im-
portant to prevent body fluids from reaching the RFID tag
12. Even if the RFID tag 12 is embedded deeply within
a molded polymer header block 36 as illustrated in FIG.
2, when such a device is implanted into body tissue for
many years (cochlear implants may last forty years or
longer), moisture can slowly penetrate due to the bulk
permeability of the polymer material of the header block
36. In the art, this is known as the leak rate or hermeticity
of a device. Generally speaking, adjunct sealants, poly-
mers and the like are not considered truly hermetic. A
leak rate of 109 cubic centimeters per second or slower
is required to assure that moisture will not penetrate to
sensitive electronics over long periods of time. In order
to achieve such low leak rates, generally glass seals or
gold brazed ceramic seals are required. It is well known
that brazed ceramic seals are generally superior to fused
or compression glass seals.

[0033] The marginal hermeticity of certain glass seals
is demonstrated by antique marine floats that were used
to hold fishing nets. These generally consisted of hollow
glass spheres or balls which were filled with air. Now that
many years have passed, many of these hollow glass
spheres are partially filled with water. This is an example
of how water can penetrate through glass given enough
time due to the bulk permeability of the glass itself. Dense
ceramic materials, such as alumina, generally do not al-
low this water penetration.

[0034] Prior art RFID chips that are used for both an-
imal and sometimes for human implant have a serious
deficiency in that they are not truly hermetically sealed.
These devices often use a cylindrical glass cup which is
filled with epoxy or other type polymer materials such as
silicone or the like. A deficiency with such seals as men-
tioned above is, that over long periods of time, moisture
will slowly penetrate and reach sensitive electronic cir-
cuits. When moisture reaches electronic circuits under
low bias voltage conditions, dendrites and tin whiskers
can form thereby shorting out or reducing insulation re-
sistancy to electronic components. There is another
problem of great concern and that is not all of the mate-
rials that are used within the RFID chip itself (for example
within the ASIC electronics) are biocompatible. There-
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fore, moisture intrusion over long periods of time can lead
to issues with toxicity to surrounding tissues as these
non-biocompatible materials leach out. Accordingly, itis
the preferred embodiment of the present invention that
the RFID chip be completely hermetically sealed with a
maximum leak rate of 1 x 107 cubic centimeters per sec-
ond. As used herein "hermetically sealed" means a leak
rate of 10-7 cubic centimeters per second or slower. In
fact, in the preferred embodiment as described in FIGS.
4-10 a maximum leak rate of not more than 1 x 10-12
cubic centimeters per second is ideal. This is in sharp
contrast to prior art polymer fill systems which achieve
at most a leak rate of around 1 x 10-5 cubic centimeters
per second, and are not considered hermetic seals in
accordance with the present invention.

[0035] Referring now back to FIGS. 5 and 6, the RFID
tag 12 has been placed inside the biocompatible and
hermetically sealed container 40. This sealed container
40 has an extruded, machined, or pressed ceramic hous-
ing 42. It is not possible to make the entire sealed con-
tainer 40 out of a metal such as titanium because this
would shield the RFID tag 12 from the electromagnetic
field from the interrogator 20. In other words, if the RFID
tag 12 was placed inside the titanium housing of an AIMD
10, this would shield the radio frequency pulses. This
would completely prevent the RFID tag 12 from receiving
energy or sending out any pulses. Accordingly, the ce-
ramic housing 42 as indicated in FIGS. 5 and 6, allows
electromagnetic fields to freely pass to and from the RFID
tag 12.

[0036] The ceramic housing 42 as shown in FIG. 6, is
formed by ceramic manufacturing operations that are
well known in the art. This generally consists of taking
pure alumina ceramic powders, formulating them with a
binder system and pressing them into the desired shape.
This is then fired or sintered at very high temperature
which makes a very hard structure. In a preferred em-
bodiment, the housing 42 is hermetically sealed using an
end cap 44 that covers an open end of the housing 42.
InFIG. 6, the end cap 44 is constructed from titanium but
may also be ceramic. The ceramic housing 42 is first
selectively metallized using a sputtering technique. A
preferred methodology would be to sputter a titanium-
molybdenum composition 46 which is suitable for wetting
a gold braze joint 48. There are also a number of other
methods of providing metallization on ceramic tubes,
which are well known in the art and would provide a suit-
able surface for gold brazing. The gold brazed joint 48 is
used to make a metallurgical hermetic connection be-
tween the end cap 44 and the ceramic housing 42.
[0037] Referring once again to FIG. 6, the RFID tag 12
is in an encapsulant 50 so that it will not rattle around or
vibrate inside the overall sealed container 40. Such en-
capsulant 50 can be of a variety of non-conductive ma-
terials, including thermal-setting nonconductive poly-
mers, silicones and the like. There is also a desiccant
material 51 that is placed inside the device as a moisture
getter. Some background is needed in order to better
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understand this. In a relatively large implantable medical
device such as a cardiac pacemaker, there is a significant
amount of open air space inside of the device. This is
typically backfilled with dry nitrogen or the like. Because
of the relatively large amount of open air space, the her-
metic terminal for ingress and egress of lead wires
through the device can have a leak rate of from 10-7 to
109 cubic centimeters per second. This allows a certain
amount of moisture to penetrate over a period of years.
In other words, when a small amount of moisture enters
into a relatively large available space, droplets or mois-
ture thin films will not typically be formed. The moisture
will disburse and will gradually raise what is called the
residual moisture (humidity) level inside the device. The
residual moisture level typically starts at zero and will
slowly climb over the life of the device to around 8%.
However, in a relatively tiny hermetically sealed space
as shown in the hermetically sealed enclosure of FIG. 6
there is much less available free air space. Accordingly,
the hermetic seal that is formed with gold braze 48 in the
enclosure in FIG. 6 preferably would have a lower leak
rate. In the preferred embodiment, it is anticipated that
these devices will be tested to a leak rate of no more than
1 x 10 -12 cubic centimeters per second. This means that
much less moisture will penetrate the device and there
will be much less chance for a moisture thin film or droplet
to form on the sensitive electronic circuits. The desiccant
material 51 has been added as a safety mechanism such
that hermetic terminals having a leak rate in the approx-
imate range of 1 x 107 to 1 x 10 cubic centimeters per
second can be safely used. That is any residual moisture
over along period of time tending to enter the same space
as the hermetically sealed RFID tag 12 would be en-
trapped with the desiccant material 51 and have very little
chance to form a moisture thin film or droplet which could
lead to dendrite growth or failure of the electronic circuits.
Desiccants are generally well known in the prior art and
can include anhydrous magnesium and calcium sulfate.
Also activated silica gels are commonly used. Other ac-
ceptable desiccants include molecular sieves, montmo-
rillonite clay activated carbons and synthetic sodium alu-
minosilicate. All of these desiccants have a very strong
affinity for water and also absorb moisture mounting to
more than 20% of their original weight.

[0038] FIGURES 7A-7D show cross-sectional views
of various alternative shapes for the ceramic housing 42
and end cap 44 previously described in FIG. 6. FIGURE
7Ais around cross-section, which is identical to that pre-
viously shown in FIG. 6. An alternative square cross-
section is shown in FIG. 7B. A rectangular cross-section
is shown in FIG. 7C. An elliptical or oval cross-section is
shown in FIG. 7D. All the configurations and others will
be apparent to those skilled in the art.

[0039] FIGURE 8 is a very similar biocompatible and
hermetic sealed container 40 as previously described in
FIGS. 6 and 7; however, in this case, the ceramic housing
42 is open at both ends and two end caps 44 hermetically
seal the container 40. The reason for this is that the ce-
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ramic housing 42 may be extruded in a continuous op-
eration and then blade cut. This could make the ceramic
housing 42 much less expensive than the closed end
housing 42 previously shown in FIG. 6. A negative of the
assembly as described in FIG. 8 is that there are two end
caps 44 which must be gold brazed or welded 48 to the
ceramic housing 42. Accordingly, there must be two cir-
cumferential or perimeter metallized bands 46 of the ce-
ramic housing 42 so that the gold braze 48 will wet and
form a hermetic seal. It is a matter of manufacturing cost
trade-offs whether to use the single end cap 44 assembly
as described in FIG. 6 or the dual end cap 44 assembly
as shown in FIG. 8.

[0040] It should also be mentioned that the end caps
44 may be of titanium, stainless steel, tantalum, niobium
or other suitable biocompatible metallic material. There
are also a number of ceramic materials that may be used
for the end cap 44, including alumina ceramic and the
like. However, in order to form the gold braze joint 48, a
ceramic end cap 44 may also have to be selectively met-
allized 46 by sputtering, plating, vapor deposition or the
like. There are also a number of alternative materials that
may be used for the hermetic housings 42 as described
herein. These include all ceramics, glasses, sapphire,
porcelain, polymer composites and the like.

[0041] FIGURE 9 is an alternative method of installa-
tion of an end cap 44 wherein the end cap 44 is placed
inside of the ceramic housing 42. FIGURE 10 is yet an-
other method of having a step titanium end cap 44 with
agold braze joint 48 between the butt ends of the ceramic
housing 42 and the step of the end cap 44. Referring
once again to FIG. 9, one can see that there is a novel
hole 58 convenient for placing a suture. This could be
used to affix the hermetically sealed RFID tag to any point
within the human body. This suture hole 58 can also be
used to affix the RFID tag to an active or abandoned lead
wire system. This is important for the purposes of iden-
tifying the type of lead wire system and its compatibility
with certain medical diagnostic procedures, such as cer-
tain types of MRI systems.

[0042] FIGURE 11 is an exploded view of the sealed
container 40 of FIGS. 5 and 6. The RFID tag 12 is posi-
tioned for insertion into the ceramic housing 42. After the
RFID tag 12 is inserted and encapsulated, a gold braze
pre-form 48a is positioned near the joint of the end cap
44 and the ceramic housing 42 as shown. An optional X-
ray identification tag 52 may also be affixed to the sealed
container 40 with more gold braze pre-forms 54, as
shown. The gold braze pre-forms 48a and 54 are re-
flowed in a vacuum brazing furnace. When the assembly
is placed into the vacuum brazing furnace, the gold braze
pre-form 48a seals the end cap 44 to the ceramic housing
42 and the one or more gold braze pre-forms 54 attach
the X-ray identification tag 52 to the ceramic housing 42.
Low temperature brazes are preferred so as not to cause
thermal damage to the RFID tag. As previously de-
scribed, the ceramic housing 42 is selectively metallized
46 using sputtering or equivalent techniques prior to
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placement in the vacuum brazing furnace so that the gold
braze pre-forms 48a and 54 will wet to the ceramic tube
42. Suitable low temperature brazes include Ti-Cu-Sil,
Cu-Sil and the like.

[0043] X-ray identification tags 52 are well known in
the art for encapsulating with pacemaker and ICD header
blocks. The reason for the X-ray identification tag 52 is
so that a physician can read a patient chest X-ray and
obtain valuable information such as pacemaker model
number and manufacturer. Having a redundant identifi-
cation system like this is desirable in the very unlikely
event that the RFID tag 12 should fail to operate.
[0044] FIGURE 12isanovel end cap 44 that is formed
with a fixation hole comprising a post 56 and a loop 58.
This end cap 44 is designed so that a surgeon can put a
suture or stitch through the loop 58 and affix the container
40 to body tissue. This is very important in cases where
a container 40 is to be implanted adjacent to a prosthetic
device or outside of the AIMD 10. Certain AIMDs 10, such
as deep brain or neurostimulators, are simply too small
or do not have a header block 36 into which to encapsu-
late or capture the container 40. In this case, during sur-
gery, a loop 58 as shown in FIG. 12 allows a convenient
location for the physician to stitch and fixate the container
40. The hole feature 58 as shown in FIG. 12, can be used
to stitch or fix any of the containers of the present inven-
tion to an implanted lead, body tissue, such as muscle
tissue, a ligament, a rib or the like. As previously men-
tioned, feature 58 can also be used to affix any of the
embodiments of the present invention to active or aban-
doned lead wire systems for AIMDs, as will be more fully
discussed below.

[0045] Inmostcases, the container 40 is about the size
of two grains of rice. Accordingly, if the container 40 were
simply placed into the body without fixation, it could mi-
grate through muscle or other tissues. This would make
it very difficult to locate for purpose of use or if it was later
desired to remove it.

[0046] FIGS 13, 14 and 15 depict block diagrams of
the RFID system in operation. As described above, the
RFID tag 12 consists of a substrate 22, an RFID chip 16,
and an antenna 14. The interrogator 20 with associated
antenna 24 discharges electromagnetic energy 26 to the
antenna 14 of the RFID tag 12, which powers up the RFID
chip 16 and allows it to produce the electromagnetic re-
turn signal 28, as shown. The electromagnetic return sig-
nal 28 is detected by the interrogator 20 and presented
as a digital code sequence. The RFID tag 12 may be
read-only (RO) or read/write (RW). With an RW RFID tag
12, a physician may use an external programmer or in-
terrogator 20 to write additional patient information to the
RFID tag 12. This additional information may include pa-
tient name, patient address, medical condition, and so
on. In the case of an RO RFID tag 12, the RFID tag 12
would be installed at the time of AIMD manufacture and
would designate manufacturer, model number and other
key information. However, an RO RFID tag 12 would not
be later programmable and could not include added im-
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portant information such as patient name, doctor name,
patient diagnosis and so forth. The interrogator 20 may
comprise programmer or programmer/reader, which
would permit direct display of all of the information con-
tained on the RFID tag 12.

[0047] FIGURE 16 illustrates a very similar system as
previously described in FIGS. 13, 14 and 15 except that
the interrogator 20 is designed to be integrated with a
computer system 60 which may be linked to the world-
wide web. In this case, a unique digital number transmit-
ted by the RFID tag 12 may be entered into the computer
system 60. The computer system 60 maintains a data-
base ofimportantinformation thatis all keyed to the digital
information transmitted by the RFID tag 12. In this way,
the physician or emergency room personnel may obtain
the digital code from the RFID tag 12 which enters auto-
matically (or manually) into the computer system 60 to
immediately get a download, including all of the informa-
tion required as to the model and serial number of the
AIMD, lead wire system, patient and physician informa-
tion, and patient history when available. The RFID tag
could also access the new American College of Cardiol-
ogy National Cardiovascular Data Registry (ACC-
NCDR). ACC-NCDR is a comprehensive cardiac and
date repository for three national registries: the CathPCI
Registry, the CarotidStent Registry, and the ICD Regis-
try. The ICD Registry was developed in partnership with
the Heart Rhythm Society and is designed for participa-
tion by hospitals. It collects detailed information on ICD
implantations and has as one of its missions helping hos-
pitals meet regulatory requirements and Medicare re-
quirements.

[0048] FIGURE 17 illustrates a system very similar to
that described in FIG. 16 except that the output of the
interrogator 20 would go to an antenna and processor
38 which are designed to be linked directly to a laptop
computer 62. This could also be done by USB or equiv-
alent cable interface network 72. The laptop computer
62 may contain a full database by model numbers and
serial numbers of medical implantable devices. A draw-
back to this type of system is that it would be very difficult
to keep updated with current patient and physician infor-
mation.

[0049] FIGURE 18isanisometric view of the RFID tag
12 that was previously described in FIGS. 5 and 6, but
has been modified in accordance with the end cap 44
described in FIG. 12. The titanium end cap 44 includes
a loop 58 to fix in body tissue or affix to an active or
abandoned lead wire set. The metallization 46 on the
ceramic housing 42 and the braze 48 forms a hermetic
seal. The style of post 56 and loop 58 depicted is just
one type one with ordinary skill in the art will recognize.
As an alternative, FIG. 18A shows another embodiment.
It will be obvious to those skilled in the art that loops 58
may also be placed directly on the ceramic housing 42
itself.

[0050] FIGURE 19 illustrates a large needle syringe
70 designed for injecting the RFID tag container 40 di-
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rectly into body tissue. In this case, the sealed container
40 has an end cap 44 that is designed to make a smooth
transition from the ceramic housing 42 to the end cap 44.
This makes the container 40 suitable for injection into
body tissue. As previously mentioned, a negative to this
approach is that the container 40 may tend to migrate
over time within the body tissue.

[0051] FIGURE 20isanexploded view takenfrom FIG.
19 illustrating a cross-section of the container 40. The
titanium end cap 44 has been butted onto and brazed 48
to the ceramic tube 42 such that it forms a smooth outer
surface.

[0052] FIGURE 21 illustrates a prior art unipolar her-
metic terminal 80 typically used in active implantable
medical devices. Hermetic terminals consist of an alumi-
na insulator 82 which is gold brazed 84 to a ferrule 86.
In turn, the ferrule is typically laser welded 88 to the tita-
nium housing 90 of an active implantable medical device.
There is also a hermetic seal 92 that is formed between
the alumina insulator 82 and the lead wire 94. This is
typically also done by gold brazing, glass sealing or the
like. There is also a prior art ceramic feedthrough capac-
itor 96 shown co-bonded to the hermetic terminal sub-
assembly. Such feedthrough capacitors 96 are well
known in the prior art for decoupling and shielding against
undesirable electromagnetic interference (EMI) signals,
such as those produced by cellular telephones, micro-
wave ovens and the like. See, for example, U.S. Patent
Nos. 4,424,551; 5,333,095; 5,905,627; 6,275,369;
6,566,978 and 6,765,779.

[0053] FIGURE 22 is a partial cutaway view showing
the details of the prior art feedthrough capacitor 96 as
previously illustrated in FIG. 21. One can see that it has
internally embedded electrode plate sets 98 and 100.
Electrode plate set 100 is known as the ground electrode
plate set and is coupled to the capacitor’s outside diam-
eter metallization 102. The active electrode plate set 98
is electrically connected to the capacitor inside diameter
metallization 104.

[0054] FIGURE 23 is a schematic diagram of the prior
art feedthrough capacitor 96 illustrated in FIGS. 21 and
22.

[0055] The present invention resides in RFID readers
and systems in order to interrogate and identify an active
implantable medical device. In order for the RFID field to
be able to read a tag embedded within the human body,
it must generate a very powerful yet relatively low fre-
quency field. As previously described, the preferred em-
bodiment is a 125 to 135 kHz or 13.56 MHz HF reader.
Such readers are most effective when held within 10 cen-
timeters of the implant. In general, these are 3 to 6-watt
effective radiated power (ERP) devices. In comparison,
a cellular telephone which produces a very powerful near
field is only a 0.6 to 2-watt ERP devices. Accordingly, the
patient with an active implantable medical device is sub-
jected to a very powerful digitally pulsed RFID reader
field. Accordingly, it is a feature of the present invention
that the AIMD have very robust shielding and filtering
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against the electromagnetic interference that is being
produced by the RFID reader itself. This is in order to
assure that the electronics of the AIMD are not subjected
to temporary or permanent malfunction. Instances of
pacemaker inhibition, microprocessor reset or even per-
manent damage to device electronics have all been doc-
umented in the past due to EMI. Accordingly, there is a
need in combination with the present invention for the
AIMD to be particularly robust so it will be resistant to the
fields produced by the RFID reader.

[0056] ANSI/AAMI Standard PC69 defines electro-
magnetic compatibility test requirements for pacemakers
and implantable defibrillators. It specifically has a radiat-
ed dipole test with a mandatory requirement that the
AIMD be resistant when the dipole has 40 milliwatts of
net input power. There is also an optional or voluntary
test level which is at 8 watts (and 2 watts at certain higher
frequencies). PC69 currently covers the frequency range
from 450 MHz to 3 GHz which is, of course, above the
range of the preferred embodiment 13.56 MHz RFID
readers. Because of this, AIMDs tend to use relatively
low value feedthrough capacitors as illustrated in FIGS.
21 and 22. Such feedthrough capacitance values, for ex-
ample, can be as low as 300 picofarads and still comply
with the mandatory 40-milliwatt level. However, recent
testing at Mount Sinai Medical Institute in Miami indicates
that pacemakers that do not have a feedthrough capac-
itor EMI filter to comply with the optional 8-watt level can
respond to the signals from RFID readers. Periods of
noise sensing, inhibition and misbeats were documented
in pacemakers out to a distance of 21 centimeters. This
is the distance between the pacemaker placed in a saline
tank and a portable RFID reader.

[0057] Accordingly, it would be preferable to use much
higher value feedthrough capacitors than shown in FIGS.
21, 22 and 23. Unfortunately, it is impractical to indefi-
nitely raise the amount of capacitance value for the
feedthrough capacitor. This is because too much capac-
itance can seriously load down the output of the AIMD.
In addition, there is usually insufficient space inside of
the AIMD to place too large of a capacitor. Also, large
values of capacitance can cause excessive currents to
flow in implanted lead wires during MRI procedures.
[0058] A better way to approach this is illustrated in
FIGURE 24 and is more fully described in co-pending
patentapplication, Serial No. 11/097,999 and U.S. Patent
No. 6,999,818, the contents of which are incorporated
herein. Such describe the advantages of using multi-el-
ement EMI filters. Referring to FIG. 24, one can see that
the prior art feedthrough capacitors "C" have an attenu-
ation slope shown as C. The average attenuation slope
rate for this is only 20 dB per decade. By adding additional
series elements, such as inductive and resistive ele-
ments, one can greatly increase the attenuation slope
rate of the EMI filter. For example, referring to the L4 or
L, curve of FIG. 24, one can see that the attenuation
slope rate has increased to 40 dB per decade. This
makes for a much more efficient EMI filter. Calling atten-
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tion to the LL4 or LL, curve, one can see that the atten-
uation slope rate has gone up dramatically. In this case,
itis 80 dB per decade. This is a much more efficient use
of the volume and weight available inside of an implant-
able medical device.

[0059] FIGURES 25 and 26 illustrate a quadpolar
feedthrough capacitor 96 which is combined with a lossy
ferrite inductor slab 106. This allows the designer to use
arelatively low value of capacitance such that it does not
load down the output of the AIMD or degrade biologic
sensing signals, but at the same time by adding the in-
ductor element, offers a filter with a very high degree of
RF immunity. In this way, one can comply with the op-
tional 8-watt level of PC69 and provide immunity to close-
ly held RFID tag readers while not overloading the AIMD
circuitry. Too much capacitance on the output of the
AIMD also tends to lower its input impedance at MRI RF
pulsed frequencies. Accordingly, it is important that the
capacitance value also be kept low for this reason.
[0060] FIGURES 27 and 28, show a terminal 80 in an
LL, configuration. Referring once again to FIG. 24, one
can see that this has an attenuation slope rate of 80 dB
per decade which is extremely robust. In point of fact, in
combination with the present invention such that the
AIMD be resistant to RFID readers in the preferred em-
bodiment, the EMI filter circuit would be modified to be
of the L, T or LL configuration.

[0061] Asindicated above, identification of abandoned
lead wires in a patient is also quite important. It has been
shown in the past that abandoned lead wires can over
heat during MRI procedures. This is particularly true of
cardiac lead wires. Lead wires are abandoned for a va-
riety of reasons. Sometimes lead wires will fail or lose
contact, for example with the myocardial tissue of the
right ventricle. Itis a very difficult procedure for a surgeon
to remove abandoned lead wires. Such procedures often
involve open heart surgery. The reason for this is that
after leads have been in place for a long time they tend
to become overgrown and encapsulated with myocardial
tissue. When a physician encounters one or more defec-
tive lead wires it is easier to clip them off and leave them
hanging in the pectoral pocket and insert brand new lead
wires through the venus system into the right ventricle
and in parallel with the old abandoned lead or leads.
[0062] However, such abandoned lead wires that are
not terminated can lead to over heating during MRI pro-
cedures. The ANSI/AAMI PC69 task force recently did a
study by going to various medical centers around the
United States and tracing actual patient X-rays (data pub-
lished at the annual Heart Rhythm Society in New Orle-
ans in May 2005; Reference: Heart Rhythm 2005 ab-
stract tracking number 05-AB-2928-HRS). Therefore, it
is a feature of the present invention that the novel her-
metically sealed RFID chip with fixation device can be
used to attach to one or more abandoned leads in the
pectoral pocket. This is very useful whether or not the
patient receives a new pacemaker or AIMD, implant or
not. That is, if we have a patient that has reverted to
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normal sinus rhythm and no longer needs a pacemaker
and has abandoned leads, the radiology department can
quickly tell through the RFID scan whether or not aban-
doned lead wires are present. As mentioned, this is ex-
tremely important to prevent inadvertent MRI on such a
patient. In the past, it has been shown that abandoned
leads can heat up so much that ablation of cardiac tissue
and even perforation of cardiac walls can occur. It is,
therefore, a feature of the present invention that both the
lead wire system and the AIMD can be separately iden-
tified.

[0063] With reference now to FIG. 29, a diagrammatic
view of an active medical device 10, such as a cardiac
pacemaker or the like, is shown implanted within a pa-
tient, and having lead wires 110 and 112 extending there-
from and to a point in the patient’s body 114 necessary
toreceive signals, apply electrical shock or other therapy,
and the like as is known in the art. In this case, the lead
wires 110 and 112 comprising the lead wire system ex-
tend from the active implanted medical device 10 into the
heart 116 of the patient 114. As described above, it is
important that not only the active medical device be iden-
tified, but also the lead wires 110 and 112. This is typically
the case whether the lead wires 110 and 112 are operably
connected to an AIMD 10, or the AIMD 10 has been re-
moved and the lead wires 110 and 112 abandoned within
the patient 114. Although a physician may be able to
palpitate the patient 114 in an emergency situation and
determine the presence of an active implantable medical
device 10, such is usually not the case with abandoned
lead wires 110 and 112.

[0064] In accordance with the presentinvention, RFID
tags 12 are associated with the one or more lead wires
110 and 112, so as to identify the presence of the lead
wires 110 and 112 when a reader or interrogator 20 is
brought in to sufficiently close proximity thereto. As de-
scribed above, the interrogator or reader 20 may be op-
erably coupled to an access or reading device, such as
a computer 62, which can visually, or otherwise, relay
information to the physician, access databases to re-
trieve patient information, and the like. The RFID chip
within the RFID tag 12 preferably includes information
about the patient, the AIMD 10, and/or the lead wires 110
and 112. In a particularly preferred embodiment, the
RFID tag 12 can store and transmit the patient's name
and date of birth, the patient hospital identification
number or physician name, and medical history. Prefer-
ably, the name and phone number of the implanting phy-
sician is given. The implant date and the hospital are also
preferably given. Moreover, information regarding the im-
planted device 10, the lead wire model numbers or serial
numbers, and the lead wire positions (e.g. RV, RA, LV)
are also provided. The defibrillation energy, HV imped-
ance (ohms), P/R Waive amplitude slew rate, pacing
threshold, pulse pacing width, pacing impedance (ohms),
threshold current (ma), and other such information may
also be stored on the RFID tag for assisting the physician
in determining treatment parameters. Merely knowing
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about the presence of the lead wires 110 and 112, and/or
the implantable medical device 10, also alerts the physi-
cianto the limitations of conducting an MRI on the patient.
[0065] With reference now to FIGS. 30-32, as dis-
cussed above, it is important that the RFID tag 12 be
hermetically sealed to the greatest extent possible such
that body fluids do not enter therein and render the RFID
tag 12 inoperable. This may be done in a variety of ways.
For example, the RFID 12 may be hermetically sealed
within a container 40, such as those described above.
Projections extending from the container, such as loop
58, creating an aperture, can be used to attach the con-
tainer 40 to tissue immediately adjacent to one of the
lead wires 110 and/or 112, directly to the lead wire 110
and/or 112, or the like. The RFID, such as in container
40, may be injected into the body tissue, as described
above in relation to FIG. 19.

[0066] The RFID tag 12 can also be directly attached
to the lead wire 110 or 112, or formed as a part thereof
during the manufacture of the lead wire. For example, as
illustrated in FIG. 30, the RFID tag 12 is disposed within
a hermetically sealed encapsulant material or the like
118 which is fixed to the exterior of the lead wire 110, as
illustrated in FIG. 30. The RFID tag 12 may also be dis-
posed within the insulation 120 surrounding the lead wire
110 so as to be disposed between the conductive wire
122 and the outer insulated sheet 120, as illustrated in
FIG. 31. It will be appreciated that additional sheets or
layers of non-conductive material may be placed be-
tween the conductive wire 122 and the RFID tag 12, and
even between the RFID tag 12 and the outer sheets 120
so as to create an electrical insulation and isolation of
the RFID tag 12 and the electrical wire 122, while still
hermetically sealing the RFID tag 12 within the lead wire
110. In yet another embodiment, the RFID tag 12 may
be placed within a hermetically sealed container 124
which is attached to the lead wire 110, such as by the
crimped clamp device 126 illustrated in FIG. 32. Of
course, the container 124 could be in the form of con-
tainer 40, described above, with a suture or other con-
necting means attaching the container 40, with the RFID
tag 12 therein, to the lead wire 110.

[0067] FIGURE 33 is a general diagram of a unipolar
active implantable medical device system 10. FIG. 33
could also be representative of an externally worn med-
ical device such as a Holter monitor. In the case of a
Holter monitor, the distal electrode 128 would typically
be ascan or patch electrode. The housing 18 of the active
implantable medical device 10 is typically titanium, ce-
ramic, stainless steel or the like. Inside of the device
housing are the AIMD electronic circuits. Usually AIMDs
include a battery, but that is not always the case. For
example, for a Bion, it can receive its energy from an
external pulsing magnetic field. A lead wire 110 is routed
from the AIMD 10 to a point 128 where it is embedded
in or affixed to body tissue. In the case of a spinal cord
stimulator 10H, the distal TIP 128 could be in the spinal
cord. In the case of a deep brain stimulator 10B, the distal
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electrode 128 would be placed deep into the brain, etc.
In the case of a cardiac pacemaker 10C, the distal elec-
trode 128 would typically be placed in the cardiac right
ventricle.

[0068] FIGURE 34 is very similar to FIG. 33 except
that it is a bipolar system. In this case, the electric circuit
return path is between the two distal electrodes 128 and
130'. In the case of a cardiac pacemaker 10C, this would
be known as a bipolar lead wire system with one of the
electrodes known as the distal TIP 132 and the other
electrode which would float in the blood pool known as
the RING 134 (see FIG. 35). In contrast, the electrical
return path in FIG. 33 is between the distal electrode 128
through body tissue to the conductive housing 18 of the
implantable medical device 10.

[0069] In all of these applications, the patient could be
exposed to the fields of an MRI scanner or other powerful
emitter used during a medical diagnostic procedure. Cur-
rents that are directly induced in the lead wire system
110 can cause heating by I2R losses in the lead wire
system or by heating caused by current flowing in body
tissue. If these currents become excessive, the associ-
ated heating can cause damage or even destructive ab-
lation to body tissue.

[0070] The distal TIP 132 is designed to be implanted
into or affixed to the actual myocardial tissue of the heart.
The RING 134 is designed to float in the blood pool. Be-
cause the blood is flowing and is thermally conductive,
the RING 134 structure is substantially cooled. In theory,
however, if the lead curves, the RING 134 could also
touch and become encapsulated by body tissue. The dis-
tal TIP 132, on the other hand, is always thermally insu-
lated by surrounding body tissue and can readily heat up
due to the RF pulse currents of an MR field. In accord-
ance with the present invention, RFID tags 12 are asso-
ciated with at least the AIMD 10 or a lead wire 110 ex-
tending therefrom. Preferably, an RFID tag is associated
with both the AIMD 10 as well as all lead wires 110, etc.
extending therefrom. In this manner, as described above,
the physician can interrogate the RFID tag 12 and be
provided information regarding the AIMD 10, lead wire
system, patient, etc.

[0071] In a particularly preferred embodiment, a tank
filter, or bandstop filter, is associated with the AIMD 10
and lead wire system 110 such that the presence of the
MRI signal or static field does not heat up the lead wires
110, 112, etc. leading to tissue damage or damage to
the implantable device, sensors, lead systems, etc.
[0072] FIGURE 36 is a schematic diagram showing a
parallel combination of an inductor L and a capacitor C
to be placed in the lead wire systems 110 previously de-
scribed. This combination forms a parallel tank circuit or
bandstop filter 136 which will resonate at a particular fre-
quency (f). U.S. Patent Application Serial No.
11/558,349 discloses various tank filter structures and
applications, any of which can be incorporated into the
present invention. The general principle behind all of the
tank or bandstop filter structures is the parallel combina-



23 EP 2 062 525 A2 24

tion of an inductor L and a capacitor C having values
selected such thatthe filter 136 resonates atthe particular
frequency of the pulsed RF field associated with the MRI.
In FIG. 36, the bandstop filter 136 is illustrated as being
between the AIMD and the distal electrode inserted into
the body tissue. However, it will be appreciated that the
tank filter 136 can be placed immediately adjacent to the
AIMD, immediately adjacent to the distal electrodes 128,
or anywhere along the length of the lead wire 110 ther-
ebetween. In fact, multiple tank filters 136 can be imple-
mented such that one tank filter 136 is disposed adjacent
to the AIMD 10, and the other adjacent to the distal elec-
trode 128. The tank filter will resonate at a particular MRI
frequency, rendering the AIMD and lead wire system
(whether associated with an AIMD or abandoned) com-
patible with that particular MRI frequency. This informa-
tion is included in the RFID tag 12, so that the physician
will know that the patient can have an MRI at that fre-
quency even though there are implantable lead wires
110, 112.

[0073] MRI systems vary in static field strength from
0.5 Tesla all the way up to 3 Tesla with newer research
machines going much higher. This is the force of the main
static magneticfield. The frequency of the pulsed RF field
associated with MRl is found by multiplying the static field
in Tesla times 42.45. Accordingly, a 3 Tesla MRI system
has a pulsed RF field of approximately 128 MHz. If the
values of the inductor L and the capacitor C are selected
properly, one could obtain a parallel tank resonant fre-
quency of 128 MHz. For a 1.5 Tesla MRI system, the RF
pulse frequency is 64 MHz.

[0074] FIGURE 37 is the bipolar system of FIG. 34
redrawn to show two bandstop filters 136 in each lead
wire 110, 112", In this case, there is a tank circuit F 4
consisting of L, and C; in both of the bipolar lead wires
110, 112’, which is designed to resonate at one selected
frequency. For example, for a 1.5 Tesla MRI system, this
would be 64 MHz. These are then placed in series with
a second set of bandstop filters 136’ which are designed
to resonate at F,. These consist of L,, C, parallel induc-
tor capacitor combinations. For example, these could be
designed for operationina 3 Tesla MRI system and would
therefore be designed to resonate at 128 MHz. In this
way, currents would be blocked from both types of MRI
systems. It will be appreciated by those skilled in the art
that there is no limit to the number of bandstop filters, or
tank filters, 136 which can be utilized so as to make the
lead wire system and AIMD compatible with different MRI
systems. Of course, the trade off here is that the distal
electrodes 128, 130’ would be physically elongated due
to the additional components necessary. The RFID tags
12, which are preferably associated with each lead wire
110, 112, etc., but at a minimum associated with the en-
tire lead wire system, includes information relating to the
bandstop or tank filters incorporated in the lead system
and thus the MRI compatibility of the lead wire system.
Thus, using the interrogator 20, illustrated and described
above, the physician and emergency health care person-
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nel can determine the presence ofimplanted medical de-
vices 10, the presence of active or abandoned lead wire
systems, and their compatibility, if any, with MRI systems.
This can be done in a fairly quick manner so that the
proper diagnosis and treatment, which may include MRI
scans, can be given by the physician.

[0075] Although several embodiments have been de-
scribed in some detail for purposes of illustration, various
modifications may be made without departing from the
scope and spirit of the invention. Accordingly, the inven-
tionis notto be limited, except as by the appended claims.

Claims

1. A process for identifying a medical implant within a
patient, comprising the steps of:

associating a radio frequency identification
(RFID) tag with a lead wire system for an active
implantable medical device (AIMD), the RFID
tag being readable/writable and having retriev-
able information relating to the AIMD;

remotely interrogating the RFID tag to retrieve
information relating to the AIMD and the lead
wire system; and

re-writing the retrievable information on the
RFID tag when the lead wire system becomes
associated with a replacement AIMD.

2. The process of claim 1, wherein the retrievable in-
formation includes information pertaining to magnet-
ic resonance imaging (MRI) compatibility of the
AIMD attached to the lead wire system.

3. The process of claim 1, including the step of com-
municating information retrieved from the RFID tag
with a computer or computer network.

4. The process of claim 1, including the step of dispos-
ing the RFID tag within a biocompatible and hermet-
ically sealed container attached to the lead wire sys-
tem.

5. The process of claim 2, including the step of atten-
uating current flow through the lead wire system at
one or more selected frequencies.

6. The process of claim 5, wherein current flow is at-
tenuated through use of a bandstop filter associated
with the lead wire system.

7. The process of claim 5, including the step of asso-
ciating a bandstop filter with the lead wire system for
each selected frequency.

8. A system for retrieving medical information from a
patient, comprising:



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

25

a radio frequency identification (RFID) tag as-
sociated with a medical implant, the RFID tag
having retrievable information relating to the
medical implant and the patient, wherein the re-
trievable information includes information per-
taining to magnetic resonance imaging (MRI)
compatibility of a medical device or its associat-
ed lead wire system.

The system of claim 8, in particular for identifying a
medical implant within a patient, comprising:

means for changing the retrievable information
to correspond to changes in characteristics of
the medical device, the associated lead wire
system, or the patient.

The system of claim 8 or 9, including a bandstop filter
associated with the lead wire system for attenuating
current flow through the lead wire system or the med-
ical device at a selected frequency.

The system of claim 8 or 9, including an interrogator
for communicating with the RFID tag and retrieving
the information therefrom.

The system of claim 10, wherein the interrogator
comprises a read only or a reader/writer device.

The system of claim 11, wherein the interrogator
communicates with a computer or computer net-
work.

The system of claim 8 or 9, wherein the RFID tag
comprises a substrate, an antenna disposed on the
substrate, and a chip electrically connected to the
antenna and adapted to store the information.

The system of claim 8 or 9, wherein the RFID tag is
readable/writable.

The system of claim 8 or 9, wherein the RFID tag is
attached to tissue adjacent to the lead wire system.

The system of claim 8 or 9, wherein the RFID tag is
attached to a lead wire.

The system of claim 8 or 9, wherein the RFID tag is
disposed within a biocompatible and hermetically
sealed container attached to the lead wire system.

The system of claim 10, wherein the bandstop filter
comprises an electronic circuit in series with a lead
wire, having capacitance in parallel with inductance,
the capacitance and inductance being selected such
that the bandstop filter is resonant at a selected fre-
quency or frequency range so as to attenuate current
flow through the lead wire at the selected frequency
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20.
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22,

23.

24,

25.

26.

27.

28.

29.

26
or frequency range.

The system of claim 19, wherein the selected fre-
quency or frequency range corresponds to one or
more MRI pulsed frequencies.

The system of claim 10, wherein the RFID tag in-
cludes retrievable information relating to the band-
stop filter.

The system of claim 19, including a plurality of band-
stop filters associated with the lead wire, each band-
stop filter being resonant at a different frequency or
frequency range.

The system of claim 8 or 9, wherein the medical de-
vice comprises cochlear implants, piezoelectric
sound bridge transducers, neurostimulators, brain
stimulators, cardiac pacemakers, ventricular assist
devices, artificial hearts, drug pumps, bone growth
stimulators, bone fusion stimulators, urinary inconti-
nence devices, pain relief spinal cord stimulators,
anti-tremor stimulators, gastric stimulators, implant-
able cardioverter defibrillators, pH probes, conges-
tive heart failure devices, pill cameras, neuromodu-
lators, cardiovascular stents, orthopedic implants,
external insulin pumps, external drug pumps, exter-
nal neurostimulators, Holter monitors, and external
probes or catheters.

The system of claim 8 or 9, wherein the RFID tag is
disposed within a biocompatible and hermetically
sealed container disposed within tissue of the pa-
tient.

The system of claim 10, wherein the bandstop filter
comprises an electronic circuit in series with a lead
wire, having capacitance in parallel with inductance,
the capacitance and inductance being selected such
that the bandstop filter is resonant at a selected fre-
quency or frequency range so as to attenuate current
flow through the lead wire at the selected frequency
or frequency range.

The system of claim 25, wherein the selected fre-
quency or frequency range corresponds to one or
more MRI pulsed frequencies.

The system of claim 10, wherein the RFID tag in-
cludes retrievable information relating to the band-
stop filter.

The system of claim 25, including a plurality of band-
stop filters associated with the lead wire, each band-
stop filter being resonant at a different frequency or
frequency range.

The system of claim 8, wherein the medical device
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comprises cochlear implants, piezoelectric sound
bridge transducers, neurostimulators, brain stimula-
tors, cardiac pacemakers, ventricular assist devices,
artificial hearts, drug pumps, bone growth stimula-
tors, bone fusion stimulators, urinary incontinence
devices, painrelief spinal cord stimulators, anti-trem-
or stimulators, gastric stimulators, implantable car-
dioverter defibrillators, pH probes, congestive heart
failure devices, pill cameras, neuromodulators, car-
diovascular stents, orthopedic implants, external in-
sulin pumps, external drug pumps, external neuros-
timulators, Holter monitors, and external probes or
catheters.

The system of claim 8, wherein the RFID tag is dis-
posed within a biocompatible and hermetically
sealed container disposed within tissue of the pa-
tient.
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