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7) ABSTRACT

An external physiologic or implanted device monitor/con-
troller (“monitor”y designed to be attached to the body, as for
example, to the skin of the patient. The monitor is designed
to detect the therapeutic outputs actually produced by the
implanted medical device. Having knowledge of the opera-
tion of the implanted medical device, the monitor may then
deduce, or decode, the physiologic conditions and/or devices
conditions sensed by the implanted medical device. The
monitor is then able to perform an action appropriate to the
sensed condition and the specific implementation.
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TRANSCUTANEOUS MONITOR & METHOD OF
USE, USING THERAPEUTIC OUTPUT FROM AN
IMPLANTED MEDICAL DEVICE

RELATED APPLICATIONS

[0001] The present application claims priority from U.S.
Provisional Patent Application Serial No. 60/287,521, filed
Apr. 30, 2001.

[0002] The present application is related to the following
co-pending United States Patent Application entitled
“Implantable Medical Device and Patch System and Method
of Use,” La Porte et al, filed on even date herewith (Docket
No. P-9883.00), which is not admitted as prior art with
respect to the present disclosure by its mention in this
section.

TECHNICAL FIELD OF THE INVENTION

[0003] The present invention relates generally to medical
devices and, more particularly, to a transcutaneous physi-
ologic monitor or controller and method using therapeutic
outputs from an implanted medical device.

BACKGROUND OF THE INVENTION

[0004] TImplanted medical devices, such as pacemakers
and implantable cardioverter defibrillators (“ICDs”), pro-
duce life-saving therapeutic outputs for the heart. Such
devices, either preferably or, in the case of an ICD, neces-
sarily, sense physiologic conditions of the body in order to
adjust their operation for the benefit of the patient. Both such
devices sense electrical activity native in the body in the
atria and the ventricles. Such devices may also sense addi-
tional body information such as that related to activity level
or respiration. Again, these devices may adjust their output
in order to provide an improved benefit for the patient.

[0005] Detecting such physiologic conditions externally to
the body is also desirable, and such needs could be separate
and apart from the operation of the implantable medical
device. Sensing the underlying physiologic condition could
detect arrhythmias, hemodynamics and other functions. Fur-
ther, detecting the underlying physiologic condition could
also be useful for use in conjunction with the device, as, for
example, detecting device malfunction.

[0006] While implanted medical devices, such as pace-
makers and ICDs, are often programmed to operate auto-
matically in response to their sensed physiologic conditions,
it 1s difficult to monitor these devices and determine, from a
location external to the patient, such underlying physiologic
conditions. For example, naturally occurring electrical sig-
nals in the atria and ventricles are normally have an ampli-
tude in the range of several millivolts. However, such signals
detected at the skin surface are ordinarily in the range of
millivolts to microvolts. While the implanted medical device
can easily detect such native signals in the millivolt range,
it is more difficult and cumbersome to detect the same
signals at the skin surface.

[0007] Prior art implanted medical devices have commu-
nicated information about their operation external of the
body by utilizing radio telemetry, typically in the 175
kiloHertz range. Such technique is widely used to externally
interrogate the memory contained in such an implanted
medical device. This technique requires a relatively sophis-
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ticated instrument such as a programmer which is capable of
interacting with the implanted medical device along with
computational capabilities in the instrument to decode the
data in the telemetry stream.

[0008] Another prior art technique used to communicate
information about the implanted medical device externally
from the body is a “patient alert” type feature. In this
technique, the implanted medical device may emit an
audible tone intended to alert the patient if certain physi-
ologic or medical device conditions are sensed, such as a
lead problem or a low battery. However, this technique
requires that the patient listen for generated audible tone,
determine what the audible means and, then, contact a health
care worker.

SUMMARY OF THE INVENTION

[0009] According to an embodiment of the present inven-
tion, an external physiologic or implanted device monitor/
controller (“monitor”) is designed to be attached to the body,
as for example, to the skin of the patient. The monitor is
designed to detect the therapeutic outputs actually produced
by the implanted medical device. Having knowledge of the
operation of the implanted medical device, the monitor may
then deduce, or decode, the physiologic conditions and/or
device conditions sensed by the implanted medical device.
The monitor is then able to perform an action appropriate to
the sensed condition and the specific implementation.

[0010] The electrical output signals of an implanted pace-
maker can typically be in the range of several volts. Such
signals can be readily sensed by relatively unsophisticated
equipment at the skin of the patient at amplitudes in the
millivolt range. Electrical signals in the millivolt range are
much easier to detect at the skin surface than signals in the
microvolt range. Further, the electrical output signals of an
implanted ICD can typically be in the range of several
hundreds of wolts. Such signals can appear at the skin
surface at an amplitude typically in the several volt range.
Again, signals in the several volt range are much easier to
detect than the signals of the underlying physiologic con-
dition having a skin surface amplitude in the microvolt
range.

[0011] Thus, an embodiment of the present invention
allows an external monitor to receive physiologic data
without using telemetry simply by monitoring the easily-
detected therapeutic outputs, such as electrical therapy sig-
nals (e.g., pacing or high voltage cardioversion defibrilla-
tion) delivered by the implanted device. Further, there may
be no need to construct the implanted medical device to
generate a special signal, such as the audible “patient alert”
tone to signal device malfunction, since device malfunction
may often be inferred by the therapeutic outputs generated
by the implanted medical device.

[0012] One embodiment of the present invention is a
monitoring system for monitoring a patient. An implantable
medical device is configured to be implanted into the patient.
The implantable medical device is capable, when implanted,
of generating a therapeutic effect to the patient according to
known parameters in response to a physiologic condition of
the patient. Further, the implantable medical device having
an output indicative of the therapeutic effect. A monitor,
externally attachable to the patient, contains a sensor for
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monitoring the output, deduces an underlying condition
from the output and acts in response to thereto.

[0013] In another embodiment, the present invention is a
monitoring device for monitoring a patient having an
implanted medical device configured to generate a thera-
peutic effect to the patient according to known parameters in
response to the physiologic condition of the patient. The
implanted medical device has an output indicative of the
therapeutic effect. A monitor, externally attachable to the
patient, has a sensor for monitoring the output, deduces an
underlying condition from the output and acts in response
thereto.

[0014] In another embodiment, the present invention is a
physiologic monitoring device for monitoring a physiologic
condition of a patient having an implanted medical device
configured to generate a therapeutic stimulus to the patient
according to known parameters in response to the physi-
ologic condition of the patient. A monitor, externally attach-
able to the patient, has a sensor for monitoring the thera-
peutic stimulus, deduces the physiologic condition from the
therapeutic stimulus and acts in response thereto.

[0015] In another embodiment, the present invention is
physiologic monitor, externally attachable to a patient hav-
ing skin, for monitoring a physiologic condition of the
patient having an implanted medical device configured to
generate a therapeutic stimulus to the patient according to
known parameters in response to the physiologic condition
of the patient. A skin patch electrode is attached to the skin
of the patient for sensing the therapeutic stimulus. An
algorithm decoder, operatively coupled to the skin patch
electrode, deduces the physiologic condition from the thera-
peutic stimulus. A signaling device, operatively coupled to
the algorithm decoder, communicates the physiologic con-
dition externally from the physiologic monitor.

[0016] In another embodiment, the present invention is a
method of monitoring a patient. A medical device is
implanted into the patient, the implantable medical device
being capable, when implanted, of generating a therapeutic
effect to the patient according to known parameters in
response to the physiologic condition of the patient. The
implantable medical device has an output indicative of the
therapeutic effect. A monitor is externally attached to the
patient, the monitor containing a sensor for monitoring the
output, deducing an underlying condition from the output
and acting in response thereto.

[0017] In another embodiment, the present invention is a
method of monitoring a physiologic condition of a patient
having an implanted medical device configured to generate
a therapeutic effect to the patient according to known
parameters in response to the physiologic condition of the
patient. The implanted medical device has an output indica-
tive of the therapeutic effect. The method senses the output,
deduces the physiologic condition from the output and acts
in response thereto.

[0018] In an embodiment, the output is a therapeutic
stimulus, preferably an electrical signal.

[0019] In an embodiment, the monitor is attachable to the
patient with a skin patch electrode, preferably through the
use of an adhesive.

[0020] In an embodiment, the monitor acts in response
thereto by communicating the underlying condition exter-
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nally from the monitor using a signaling device, such as by
radio-telemetry or visual indication.

[0021] In an embodiment, the monitor acts in response
thereto by controlling a secondary medical device.

[0022] In an embodiment, the underlying condition is
indicative of the physiologic condition.

[0023] In an embodiment, the underlying condition is of a
condition of the implantable medical device.

[0024] In an embodiment, the output is a magnetic signal.
[0025] In an embodiment, the output is an acoustic signal.
[0026] In an embodiment, the monitor acts in response

thereto by communicating the underlying condition exter-
nally from the monitor using a signaling device.

[0027] In an embodiment, the monitor communicates via
a visual indication.

[0028] In an embodiment, the monitor acts in response
thereto by controlling a secondary medical device.

[0029] In an embodiment, the underlying condition is
indicative of the physiologic condition.

[0030] In an embodiment, the underlying condition is of a
condition of the implantable medical device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Advantages and attainments, together with a more
complete understanding of the present invention, will
become more readily apparent and appreciated by reference
to the following detailed description and claims taken in
conjunction with the accompanying drawings in which:

[0032] FIG. 1 is a pictorial illustration of an implantable
medical device implanted in a patient in conjunction with an
external monitor according to an embodiment of the present
invention;

[0033] FIG. 2 is a cross-sectional schematic representa-
tion of the system of FIG. 1 illustrating its transcutaneous
arrangement;

[0034] FIG. 3 is an illustration of an embodiment of the
present invention utilizing external signaling;

[0035] FIG. 4 is an illustration of an embodiment of the
present invention utilizing control over a second medical
device; and

[0036] FIG. 5 is a detailed schematic representation of an
embodiment of the monitor of the present invention.

[0037] While the present invention is amenable to various
modifications and alternative forms, specifics thereof have
been shown by way of example in the drawings and will be
described in detail hereinbelow. It is to be understood,
however, that the intention is not to limit the invention to the
particular embodiments described. On the contrary, the
invention is intended to cover all modifications, equivalents,
and alternatives falling within the scope of the invention as
defined by the appended claims.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0038] Examples of implantable medical devices are car-
diac arrhythmia products, including pacemakers and
implantable cardioverter defibrillators (“ICDs”), neuro-
stimulators and drug pumps.



US 2003/0004554 Al

[0039] Typically such devices are either programmed to
perform a therapeutic function and/or, in full or in part, sense
certain physiologic conditions of the patient and/or certain
conditions of the device itself and/or of its operation. The
output of the implantable medical device, in part, may
depend upon the sensed physiologic or device conditions.
The particular output of the implantable medical device is
typically predetermined, or otherwise known from the
device specifications, by programming the device, before or
after implantation, by the operational characteristics of the
device itself and by the sensed physiologic conditions of the
patient. It is frequently possible to create a one-to-one
mapping between a specific type of therapeutic output and
the sensed conditions that leads to that output, based on the
characteristics of the specific implanted device and the way
it is programmed. Thus, if one can sense the therapeutic
output of a known implantable medical device, one can
frequently determine the conditions sensed by that implant-
able medical device. Examples of this determination are
provided below.

[0040] While embodiments of the present invention are
useful with a variety of implantable medical devices, with a
variety of therapeutic outputs, with a variety of sensed
conditions, including physiologic and devices conditions,
the following examples are provided using pacemakers and
ICDs as the implantable medical device having an electrical
output stimulus.

[0041] The therapeutic electrical output stimulus of a
therapeutic implantable medical device like a pacemaker or
an implantable cardioverter defibrillator (“ICD”) is easily
detectable from near the skin surface of the patient using
electrocardiogram (“ECG”) electrodes and a standard ECG
preamplifier which are well known in the art. The therapeu-
tic electrical output from a pacemaker typically consists of
pacing pulses in the one to five volt range, which can be
detected by skin electrodes as several millivolt signals. The
high voltage defibrillation output from an ICD typically
consists of ramp waveforms in the hundreds of volts range,
which again can be easily detected as several volt signals on
or near the skin surface.

[0042] The therapeutic electrical output of a therapeutic
implantable device occurs as a response to a set of sensed
conditions. The manner in which it is frequently possible to
create a one-to-one mapping between a specific type of
therapeutic electrical output and the sensed conditions that
leads to that output, based on the characteristics of the
specific implanted device and the way it is programmed, can
be illustrated by way of example.

[0043] As an example, ventricular pacing in a VVI pace-
maker occurs when no intrinsic ventricular electrical signal
is detected by the pacemaker during a pre-set time interval.
Therefore, detecting a regular set of ventricular pacing
stimuli can be taken as evidence that there are no intrinsic
ventricular depolarizations occurring, without having to
measure intrinsic ventricular activity independently.

[0044] By way of further example, implantable therapeu-
tic devices have evolved considerably in complexity from
VVI pacing, and there are now specific therapeutic algo-
rithms built into most devices which occur in response to a
particular set of sensed condition. For example, “Rate Drop
Response™ is a particular type of pacing which is easily
recognized by a rapid start of regular pacing at a relatively
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high rate (such as 120 beats per minute), followed by a
gradual fallback in pacing rate over the next several minutes.
This particular output is activated by a specific set of trigger
criteria, including a fall in the intrinsic ventricular rate
through a specific rate window over a specific time window.
Therefore, the specific therapeutic output “signature” gen-
erated by the pacemaker in response to the “Rate Drop
Response” condition, which is easily detectable at the skin
surface, allows an external device to determine that a
specific type of intrinsic rate change occurred.

[0045] Similarly, an ICD may be programmed to deliver a
burst of autodecremental anti-tachycardia pacing (“ATP”) if
a ventricular arrhythmia of a certain rate is detected. The
external monitor can easily detect the specific pattern of
autodecremental ATP as an output “signature” of a ventricu-
lar arrhythmia and, similarly, identify this arrhythmia.

[0046] There are, of course, many other examples of
unique therapeutic output “signatures” which can be used by
the external monitoring system to generate a specific diag-
nosis.

[0047] In addition to detecting physiologic conditions
such as arrhythmias, potential malfunctions or problems
with the implanted medical device can also be detected.

[0048] For example, ventricular safety pacing occurs in
response to a sensed beat during pacemaker refractory
period. The safety pace is easily recognizable by its char-
acteristic coupling interval from the previous pace. Frequent
ventricular safety pacing sometimes indicates a lead insu-
lation problem. There, the detection of frequent ventricular
safety pacing could lead to the diagnosis of an underlying
possible ventricular lead problem.

[0049] It may also be possible to use the diagnostic
information gleaned from the therapeutic output of an
implantable medical device along with directly detected
intrinsic electrical activity of the heart, e.g., easily detected
ORS complexes, and the known relationships between the
therapeutic output of the implanted medical device and the
detected intrinsic rhythm to add additional detection capa-
bility. For example, a dissociation between ventricular pac-
ing spikes and intrinsic ventricular beats could indicate loss
of capture.

[0050] An implanted device may respond with a specific
therapeutic electrical intervention, based on sensed infor-
mation. For example, an implantable pacemaker may be
programmed to undergo a certain type of pacing rate fall-
back if ischemia is detected. This specific behavior of the
implanted medical device, for example, could be sensed and
deduced as indicative of sensed ischemia.

[0051] FIGS. 1 and 2 illustrate an implantable medical
device 10 implanted in a patient 12. Non-limiting examples
of an implantable medical device 10 are a pacemaker, an
ICD, a neurostimulator or a drug pump.

[0052] An example of a pacemaker which could be uti-
lized as part of an embodiment of the present invention may
be had by reference to U.S. Pat. No. 5,271,395, Wahlstrand
et al, Method and Apparatus For Rate-Responsive Cardiac
Pacing, the contents of which is hereby incorporated by
reference.

[0053] An example of an ICD which could be utilized as
part of an embodiment of the present invention may be had
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by reference to U.S. Pat. No. 5,163,427, Keimel, Apparatus
For Delivering Single and Multiple Cardioversion and
Defibrillation Pulses, the contents of which is hereby incor-
porated by reference.

[0054] An example of a neurostimulator which could be
utilized as part of an embodiment of the present invention
may be had by reference to a Synergy™ implantable neu-
rostimulator’, manufactured and sold by Medtronic, Inc.,
Fridley, Minn.

! Synergy is a trademark of Medtronic, Inc., Fridley, Minn.

[0055] An example of an implantable drug pump which
could be utilized as part of an embodiment of the present
invention may be had by reference to a Synchromed® II
implantable programmable pump?, manufactured and sold
by Medtronic, Inc., Fridley, Minn.

? Synchromed is a trademark of Medtronic, Inc., Fridley, Minn.

[0056] Implantable medical device 10 provides an output
14 as part of rendering a therapeutic effect to patient 12. In
some embodiments of the present invention, output 14 may
be an intended stimulus provided to patient 12 by implant-
able medical device 10. Non-limiting examples of intended
stimuli would include electrical signals such as electrical
pacing signals supplied by a pacemaker, electrical defibril-
lation (“shock”) signals provided by an ICD and electrical
signals supplied by a neurostimulator. In another embodi-
ments of the present invention, output 14 may be incidental
to the providing of therapeutic effect to patient 12 by
implantable medical device 10. Non-limiting examples of
incidental output would be “ringing” in output circuits,
acoustic sounds generated by capacitors charging or dis-
charging, and acoustic sounds generated by pumps, ¢.g., as
in a drug pump dispensing medication.

[0057] Monitor 16 is illustrated in FIG. 1 externally
attached adjacent to or relatively near to the skin 18 of
patient 12. It is preferred that monitor 16 be attached in a
position on the body of patient 12 in relatively close prox-
imity to the output 14 intended to be monitored by monitor
16.

[0058] Monitor 16 may detect the output of implantable
medical device 10 transcutancously while the implantable
medical device 10 renders a therapeutic effect to patient 12.
In some embodiments of the present invention, monitor 16
may detect an electrical field produced by implantable
medical device 10. Non-limiting examples of situations in
which an electrical field detection technique may be appro-
priate are high energy discharges (“shock™) from an ICD,
low energy discharges (“pacing”) from a pacemaker, and
“ringing” in circuits, especially output circuits, of electrical
stimulators, including pacemakers, ICDs and neurostimula-
tors. In other embodiments of the present invention, monitor
16 may detect a magnetic field produced by implantable
medical device 10. Non-limiting examples of situations in
which a magnetic field detection technique may be appro-
priate are high energy discharges (“shock™) from an ICD,
low energy discharges (“pacing”) from a pacemaker, and
“ringing” in circuits, especially output circuits, of electrical
stimulators, including pacemakers, ICDs and neurostimula-
tors. In other embodiments of the present invention, monitor
16 may detect an acoustic sound produced by implanted
medical device 10, e.g., acoustic sounds produced incidental
in the performance of producing a therapeutic effect on
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patient 12. Non-limiting examples of situations in which an
acoustic detection technique may be appropriate include
sounds produced by capacitors charging or discharging in an
ICD and pump sounds made by an implantable drug pump.

[0059] Monitor 16, upon detection of a physiologic or
device condition (as described above), then acts upon such
detection, decoding or deducement.

[0060] In some embodiments of the present invention,
monitor 16 acts upon such detection by communicating such
detection external to monitor 16. In this way, monitor 16 acts
as a true monitor and communicates the results of its
monitoring to someone or something else. FIG. 3 illustrates
these embodiments. Monitor 16 is attached to skin 18 of
patient 12 with skin patch electrode 20. Electrode 20 senses
the output of implantable medical device 10 and sends a
signal to algorithm decoder 22 of monitor 16. Algorithm
decoder 22 determines if one of the predetermined sensed
conditions are present and communicates such detection
externally via signaling device 24.

[0061] Signaling device 24 may any one or more of any
number of known ways to signal. In some embodiments of
the present invention, signaling device 24 may use well
known radio-frequency telemetry, possibly including mes-
saging, to communicate to or with an external receiver. In
other embodiments of the present invention, signaling
device 24 may use a visual indicator or visual indication,
such as a light, a change in color, a change in intensity of
light, or an alpha, numeric or an alpha-numeric display. In
other embodiments of the present invention, signaling
device 24 may use a vibration, possibly including different
speeds, rates or characteristics of vibration, or other form of
tactile sensation. In other embodiments of the present inven-
tion, signaling device 24 may use a change in temperature as
an indicator. In other embodiments of the present invention,
signaling device 24 may use an acoustic signal, possibly
including speech. In short, the range of ways to communi-
cate are many.

[0062] In other embodiments of the present invention
(illustrated in FIG. 4), monitor 16, while being called a
monitor, acts as a controller to control another device, such
as another medical device 26. Such control function may be
instead of the communication described with reference to
FIG. 3 or may be in addition to such communication.

[0063] Similar to FIG. 3, monitor 16 is attached to skin 18
of patient 12 with skin patch electrode 20. Electrode 20
senses the output of implantable medical device 10 and
sends a signal to algorithm decoder 22 of monitor 16.
Algorithm decoder 22 determines if one of the predeter-
mined sensed conditions are present. Perhaps instead of, or
perhaps in addition to communicating such detection exter-
nally via signaling device 24, monitor 16 controls a second
medical device 26 via control module 28. Medical device 26
may be implanted or may be external to the body patient 12.
Further, medical device 26 may be located in the proximity
of monitor 16, or attached to monitor 16, or may be located
relatively distant to monitor 16.

[0064] Since monitor 16 may be able to determine under-
lying physiologic conditions of patient 12 or underlying
conditions of implantable medical device 10, monitor 16
may be able to control second medical device 26 in accor-
dance with those underlying physiologic conditions or
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underlying device conditions. Thus, a second medical device
26 may be able to render therapeutic effect on patient 12
responsive to physiologic conditions of patient 12, or
responsive to device conditions of implantable medical
device 10, without incurring the cost, complexity or diffi-
culty of directly sensing such underlying conditions.

[0065] In one preferred embodiment, implantable medical
device 10 is a pacemaker which can provide therapeutic
electrical signals to patient 12 based upon sensed physi-
ologic conditions of patient 12. Second medical device 26 is
an external drug infusion patch which may be attached to the
skin of patient 26. External drug infusion patch is able to be
controlled to administer medication to patient 12 based upon
underlying physiologic conditions of patient 12. For
example, if the internal pacemaker or defibrillator (implant-
able medical device 10) detects atrial tachycardia and
administers a particular stimulus such as anti-tachycardia
pacing, monitor 16 detects that underlying condition and
alerts external drug infusion patch (second medical device
26). In this case, external drug infusion patch may admin-
ister medication appropriate for the circumstance, such as
delivering an antiarrhythmic drug.

[0066] This arrangement is described in more detail in the
following co-pending United States Patent Application
entitled “Implantable Medical Device and Patch System and
Method of Use,” La Porte et al, filed on even date herewith
(Docket No. P-9883.00), which is hereby incorporated by
reference. The arrangement described in this patent appli-
cation utilized radio frequency telemetry to communicate
the status of implantable medical device for use by an
external drug infusion patch, known as a “smart drug
infusion patch.” While the present invention does not con-
template communication between implantable medical
device 10 and monitor 16 via radio frequency telemetry, the
same techniques described in this application for controlling
a second medical device apply equally to the technique of
the present invention of detecting the underlying physiologic
conditions or underlying device conditions by way of sens-
ing the therapeutic effects of implantable medical device 10
as described herein.

[0067] A pacemaker which could be utilized in connection
with the present invention as implantable medical device 10
is described in the aforementioned U.S. Pat. No. 5,271,395,
Wahlstrand et al.

[0068] Detailed construction of a preferred embodiment of
monitor 16 is illustrated in FIG. $. Electrodes 20 are applied
to the patient 12 and connected to an electrocardiogram
(“ECG”) preamplifier 28. ECG preamplifier 28 sends the
amplified signal to algorithm decoder 30. Algorithm decoder
30 typically contains either an analog-to-digital converter
(“ADC”) or an analog sense amplifier with comparator
circuitry in order to detect therapeutic electrical signals. The
output from the ADC or comparator is then sequentially fed
to the algorithm decoder circuitry which compares the
incoming signal with a set of patterns stored in algorithm
storage RAM 32. Algorithm storage RAM 32 contains the
specific therapeutic patterns that are used to decode the
therapeutic electrical signals into specific patterns. Algo-
rithm storage RAM 32 is customizable for the specific
implantable medical device 10. For example, ventricular
tachycardia (“VT”) at a certain rate might be programmed to
cause implantable medical device 10 to initiate a specific
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type of ATP. This information could then be loaded into
algorithm storage RAM 32. Algorithm decoder 30 compares
the sensed therapeutic electrical signals as supplied by ECG
preamplifier 28 with the information contained in algorithm
storage RAM 32. If the comparison is successful, algorithm
decoder 30 determines that sensed condition is present and
monitor 16 acts accordingly. In this embodiment, the result
of the comparison is sent to radio frequency transmitter/
receiver 34 to communication of the condition external to
monitor 16 utilizing antenna 36.

[0069] As in the example given above, autodecremental
ATP in response to a detected VT might generate a
“10001000” radio signal, while a defibrillation shock might
gencrate a “11111111” radio signal, which the receiver
would decode into the appropriate sensed rhythm. In the
example give above, other conditions such as excess ven-
tricular safety pacing, dissociation between pacing and
intrinsic beasts, or a specific rate fallback behavior indicat-
ing ischemia would also generate unique identifying codes.

[0070] Inapreferred embodiment of the present invention,
FIG. 5 also illustrates how radio transmitter/receiver 34 can
also function as a receiver to program algorithm storage
RAM 32. Algorithm storage RAM 32 could also contain a
programmable logic array (“PLA™) that translates each
detected therapeutic electrical pattern into a simple signal
that is then sent to the radio transmitter/receiver 34 for
transmission to the receiving system.

[0071] The preceding specific embodiments are illustra-
tive of the practice of the invention. It is to be understood,
therefore, that other expedients known to those skilled in the
art or disclosed herein may be employed without departing
from the invention or the scope of the following claims.

What is claimed is:
1. A monitoring system for monitoring a patient, com-
prising:

an implantable medical device configurable to be
implanted into said patient, said implantable medical
device being capable, when implanted, of generating a
therapeutic effect to said patient according to known
parameters in response to a physiologic condition of
said patient, said implantable medical device having an
output indicative of said therapeutic effect; and

a monitor, externally attachable to said patient, containing
a sensor for monitoring said output, deducing an under-
lying condition from said output and acting in response
to thereto.

2. A monitoring system as in claim 1 wherein said output
is a therapeutic stimulus.

3. A monitoring system as in claim 2 wherein said
therapeutic stimulus is an electrical signal.

4. A monitoring system as in claim 3 wherein said
implanted medical device is configured to generate said
therapeutic stimulus to said patient according to known
predetermined parameters in response to said physiologic
condition.

5. A monitoring system as in claim 4 wherein said monitor
is attachable to said patient with a skin patch electrode.

6. A monitoring system as in claim 5 wherein said skin
patch electrode is attached to said skin of said patient
through the use of an adhesive.
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7. Amonitoring system as in claim 1 wherein said monitor
acts in response thereto by communicating said underlying
condition externally from said monitor using a signaling
device.

8. A monitoring system as in claim 7 wherein said
signaling device utilizes radio-telemetry communication to
an external receiver.

9. Amonitoring system as in claim 7 wherein said monitor
communicates via a visual indication.

10. A monitoring system as in claim 1 wherein said
monitor acts in response thereto by controlling a secondary
medical device.

11. A monitoring system as in claim 1 wherein said
underlying condition is indicative of said physiologic con-
dition.

12. A monitoring system as in claim 1 wherein said
underlying condition is of a condition of said implantable
medical device.

13. A monitoring device for monitoring a patient having
an implanted medical device configured to generate a thera-
peutic effect to said patient according to known parameters
in response to said physiologic condition of said patient, said
implanted medical device having an output indicative of said
therapeutic effect, comprising a monitor, externally attach-
able to said patient, a sensor for monitoring said output,
deducing an underlying condition from said output and
acting in response thereto.

14. A monitoring device as in claim 13 wherein said
output is a therapeutic stimulus.

15. A monitoring device as in claim 14 wherein said
patient has skin and wherein said monitor is externally
attachable to said skin of said patient.

16. A monitoring device as in claim 15 wherein said
monitor is attachable to said patient with a skin patch
electrode.

17. A monitoring device as in claim 16 wherein said skin
patch electrode is attached to said skin of said patient
through the use of an adhesive.

18. A monitoring device as in claim 14 wherein said
therapeutic stimulus is an electrical signal.

19. A monitoring device as in claim 18 wherein said
implanted medical device is configured to generate said
electrical signal to said patient according to known prede-
termined parameters in response to said physiologic condi-
tion.

20. A monitoring device as in claim 13 wherein said
output is a magnetic signal.

21. A monitoring device as in claim 13 wherein said
output is an acoustic signal.

22. A monitoring device as in claim 13 wherein said
monitor acts in response thereto by communicating said
underlying condition externally from said monitor using a
signaling device.

23. A monitoring device as in claim 22 wherein said
signaling device utilizes radio-telemetry communication to
an external receiver.

24. A monitoring device as in claim 22 wherein said
monitor communicates via a visual indication.

25. A monitoring device as in claim 13 wherein said
monitor acts in response thereto by controlling a secondary
medical device.

26. A monitoring device as in claim 13 wherein said
underlying condition is indicative of said physiologic con-
dition

Jan. 2, 2003

27. A monitoring device as in claim 13 wherein said
underlying condition is of a condition of said implantable
medical device.

28. A physiologic monitoring device for monitoring a
physiologic condition of a patient having an implanted
medical device configured to generate a therapeutic stimulus
to said patient according to known parameters in response to
said physiologic condition of said patient, comprising a
monitor, externally attachable to said patient, a sensor for
monitoring said therapeutic stimulus, deducing said physi-
ologic condition from said therapeutic stimulus and acting in
response thereto.

29. A physiologic monitoring device as in claim 28
wherein said patient has skin and wherein said monitor is
externally attachable to said skin of said patient.

30. A physiologic monitoring device as in claim 29
wherein said monitor is attachable to said patient with a skin
patch electrode.

31. A physiologic monitoring device as in claim 30
wherein said skin patch electrode is attached to said skin of
said patient through the use of an adhesive.

32. A physiologic monitoring device as in claim 28
wherein said therapeutic stimulus is an electrical signal.

33. A physiologic monitoring device as in claim 28
wherein said implanted medical device is configured to
generate said therapeutic stimulus to said patient according
to known predetermined parameters in response to said
physiologic condition.

34. A physiologic monitoring device as in claim 28
wherein said monitor acts in response thereto by commu-
nicating said underlying condition externally from said
monitor using a signaling device.

35. A physiologic monitoring device as in claim 34
wherein said signaling device utilizes radio-telemetry com-
munication to an external receiver.

36. A physiologic monitoring device as in claim 34
wherein said monitor communicates via a visual indication.

37. A physiologic monitoring device as in claim 28
wherein said monitor acts in response thereto by controlling
a secondary medical device.

38. A physiologic monitor, externally attachable to a
patient having skin, for monitoring a physiologic condition
of said patient having an implanted medical device config-
ured to generate a therapeutic stimulus to said patient
according to known parameters in response to said physi-
ologic condition of said patient, comprising:

a skin patch electrode attached to said skin of said patient
for sensing said therapeutic stimulus;

an algorithm decoder, operatively coupled to said skin
patch electrode, for deducing said physiologic condi-
tion from said therapeutic stimulus; and

signaling device, operatively coupled to said algorithm
decoder, communicating said physiologic condition
externally from said physiologic monitor.

39. A physiologic monitor as in claim 38 wherein said
therapeutic stimulus is an electrical signal.

40. A physiologic monitor as in claim 38 wherein said
implanted medical device is configured to generate said
therapeutic stimulus to said patient according to known
predetermined parameters in response to said physiologic
condition.
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41. A physiologic monitor as in claim 38 wherein algo-
rithm decoder is programmable via an external program-
ming device.

42. A physiologic monitor as in claim 38 wherein said
signaling device utilizes radio-telemetry communication to
an external receiver.

43. A physiologic monitor as in claim 38 wherein said
signaling device comprises a visual indicator.

44. A method of monitoring a patient, comprising the
steps of:

implanting a medical device into said patient, said
implantable medical device being capable, when
implanted, of generating a therapeutic effect to said
patient according to known parameters in response to
said physiologic condition of said patient, said implant-
able medical device having an output indicative of said
therapeutic effect; and

externally attaching a monitor to said patient, said moni-
tor containing a sensor for monitoring said output,
deducing an underlying condition from said output and
acting in response thereto.

45. A method of monitoring as in claim 44 wherein said
output is a therapeutic stimulus.

46. A method of monitoring as in claim 45 wherein said
therapeutic stimulus is an electrical signal.

47. A method of monitoring as in claim 46 wherein said
implanted medical device is configured to generate said
therapeutic stimulus to said patient according to known
predetermined parameters in response to said physiologic
condition.

48. A monitoring system as in claim 44 wherein said
monitor acts in response thereto by communicating said
underlying condition externally from said monitor using a
signaling device.

49. A method of monitoring as in claim 48 wherein said
signaling device utilizes radio-telemetry communication to
an external receiver.

50. A method of monitoring as in claim 48 wherein said
monitor communicates via a visual indication.

51. A method of monitoring as in claim 44 wherein said
monitor acts in response thereto by controlling a secondary
medical device.

Jan. 2, 2003

52. A method of monitoring as in claim 44 wherein said
underlying condition is indicative of said physiologic con-
dition

53. A method of monitoring as in claim 44 wherein said
underlying condition is of a condition of said implantable
medical device.

54. A method of monitoring a physiologic condition of a
patient having an implanted medical device configured to
gencrate a therapeutic effect to said patient according to
known parameters in response to said physiologic condition
of said patient, said implanted medical device having an
output indicative of said therapeutic effect, comprising the
steps of:

sensing said output;
deducing said physiologic condition from said output; and

acting in response thereto.

55. A method of monitoring as in claim 54 wherein said
output is a therapeutic stimulus.

56. A method of monitoring as in claim 55 wherein said
therapeutic stimulus is an electrical signal.

57. A method of monitoring as in claim 56 wherein said
implanted medical device is configured to generate said
therapeutic stimulus to said patient according to known
predetermined parameters in response to said physiologic
condition.

58. A method of monitoring as in claim 57 wherein said
sensing step is accomplished via a skin patch attached to said
skin of said patient.

59. A method of monitoring as in claim 54 wherein said
output is a magnetic signal.

60. A method of monitoring as in claim 54 wherein said
output is an acoustic signal.

61. A method of monitoring as in claim 54 wherein said
monitor acts in response thereto by providing a visual
indication.

62. A method of monitoring as in claim 54 wherein said
monitor acts in response thereto by controlling a secondary
medical device.
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