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MONITORING MODE OF AN
IMPLANTABLE MEDICAL DEVICE

FIELD OF THE INVENTION

[0001] The invention relates to systems and methods for
monitoring medical parameters by an Implantable Medical
Device (IMD). The IMD is capable of switching a mode of
monitoring the medical parameters based on an external
trigger generated from an external medical device. The
systems and methods encompass any medical therapy that
can collect data from an IMD to assist in therapy goals.
Non-limiting exemplary therapies include cardiovascular
therapy and dialysis, among others.

BACKGROUND

[0002] Implantable Medical Devices (IMDs) enable con-
stant monitoring of a patient’s health, and delivery of
therapy to the patient, while allowing freedom of movement
and portability not possible with external monitoring
devices. IMDs are limited by the life of the battery that
powers the IMD. Once the battery within an IMD has
reached the end of the battery’s useful life, a new battery or
device must be installed. Because the IMD is implanted into
a patient, installation of a new battery or device requires an
invasive and expensive medical procedure, subjecting the
patient to the risks of an additional procedure.

[0003] IMDs are commonly used in patients with Chronic
Kidney Disease (CKD). In addition to providing therapy to
a patient suffering from CKD, the IMDs can monitor the
patient’s health. However, known IMDs do not selectively
monitor a patient’s health status, such as fluid status, elec-
trolyte concentration, and arrhythmias based on proximity
relative to external medical devices.

[0004] Known IMDs do not allow for automatic changes
in the mode or frequency of medical monitoring in the time
periods during or immediately after dialysis. Known IMDs
also do not allow for the IMD to automatically switch
between modes that place a high stress on battery life and
modes that place a low stress on battery life based on
whether or not a dialysis session is occurring or has just
occurred.

[0005] Hence, there is a need for an IMD that can auto-
matically switch monitoring modes at the initiation of a
medical therapy, for example, at start of a dialysis session,
and switch monitoring modes again at some point after the
initiation of the medical therapy. There is further a need for
an IMD that can conserve battery life during the time periods
between a medical therapy, such as a dialysis session, while
automatically switching to more thorough monitoring dut-
ing and immediately after a medical therapy, increasing
longevity of the IMD. There is a further need for an IMD
that can change monitoring modes when the IMD is within
range of an external monitor or memory component capable
of receiving data. There is also a need for an IMD that can
change treatment modes based on external factors, such as
the start of a medical therapy, such as a dialysis session.

SUMMARY OF THE INVENTION

[0006] The first aspect of the invention relates to a medical
monitoring system. In any embodiment of the first aspect of
the invention, the medical monitoring system can comprise
an implantable medical device having one or more sensors
configured to monitor data corresponding to at least one
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medical parameter; an input in electronic communication
with the implantable medical device, wherein the input is
configured to receive a signal corresponding to at least one
trigger; and an external medical device configured to trans-
mit the signal to the implantable medical device; wherein the
implantable medical device is configured to change a mode
of monitoring the at least one medical parameter or of
treating a medical condition associated with the at least one
medical parameter based on the signal corresponding to the
at least one trigger.

[0007] In any embodiment of the first aspect of the inven-
tion, the mode of monitoring the at least one medical
parameter or of treating the medical condition associated
with at least one medical parameter can be changed from a
first mode to a second mode in response to the signal
corresponding to at least one trigger. The first mode can be
selected from a high resolution, a low resolution, a real-time,
a transmission mode, an on mode, an off mode, a non-
inhibited mode, an alert mode, a high threshold mode, and
a low threshold mode, and the second mode can be any one
of a high resolution, a low resolution, a real-time, a trans-
mission mode, an on mode, an off mode, a non-inhibited
mode, an alert mode, a high threshold mode, and a low
threshold mode.

[0008] Inany embodiment of the first aspect of the inven-
tion, the system can further comprise a monitor in wireless
communication with the implantable medical device,
wherein the monitor is configured to receive and display the
data corresponding to the monitored medical parameter.
[0009] In any embodiment of the first aspect of the inven-
tion, the implantable medical device can be configured to
transmit the data to the external medical device, and the
external medical device can be configured to receive the
data.

[0010] In any embodiment of the first aspect of the inven-
tion, the external medical device can be a dialysis machine.
[0011] In any embodiment of the first aspect of the inven-
tion, the dialysis machine can automatically set at least one
dialysis parameter based on the received data.

[0012] In any embodiment of the first aspect of the inven-
tion, the external medical device can be a medical monitor,
and in response to the trigger the implantable medical device
can enter a transmission mode.

[0013] In any embodiment of the first aspect of the inven-
tion, the medical monitoring system can further comprise a
memory component in communication with the implantable
medical device; wherein the implantable medical device is
configured to transmit the data to the memory component;
and wherein the memory component is configured to receive
and record the data.

[0014] In any embodiment of the first aspect of the inven-
tion, the memory component can be a non-transitory record-
ing medium.

[0015] In any embodiment of the first aspect of the inven-
tion, the memory component can be part of the implantable
medical device.

[0016] In any embodiment of the first aspect of the inven-
tion, the at least one medical parameter can be selected from
the group comprising impedance, fluid status indicators,
ECG, EGM, heart rate, heart rate variability, blood pressure,
patient activity level, glucose level, potassium level, calcium
level, magnesium level, sodium level, hematocrit level, urea
level, CO, level, respiration, patient posture, and patient
temperature.
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[0017] Inany embodiment of the first aspect of the inven-
tion, the mode of monitoring the at least one medical
parameter can initiate monitoring of a medical parameter or
terminate the monitoring of a medical parameter.

[0018] In any embodiment of the first aspect of the inven-
tion, the external medical device can be selected from any
one of a dialysis machine, an external monitor, a scale, a
blood pressure monitoring system, a monitor, a nurse moni-
toring system, a computer having an electronic medical
record, a CPAP machine, an exercise equipment, and a
physiologic monitoring device.

[0019] In any embodiment of the first aspect of the inven-
tion, the trigger can be proximity to the external medical
device.

[0020] In any embodiment of the first aspect of the inven-
tion, the implantable medical device can automatically
receive the signal from the external medical device.
[0021] In any embodiment of the first aspect of the inven-
tion, the implantable medical device can be configure to any
of (i) always be capable of detecting the trigger; (ii) be
capable of detecting the trigger at a set time; (iii) be capable
of detecting the trigger at a set frequency, and/or (iv) be
configured such that a user can cause the implantable
medical device to become capable of detecting the trigger.
[0022] In any embodiment of the first aspect of the inven-
tion, the implantable medical device is enclosed with
another medical device.

[0023] Any of the features described as being part of the
first aspect of the invention can be included in the first aspect
of the invention, either alone or in combination.

[0024] The second aspect of the invention relates to a
method of controlling the monitoring mode of an implant-
able medical device. In any embodiment of the second
aspect of the invention, the method can comprise the steps
of establishing a wireless communication between an exter-
nal medical setting and an implantable medical device;
receiving a trigger from the external medical setting to the
implantable medical device; and switching from a first data
collection mode to a second data collection mode in the
implantable medical device based on the trigger.

[0025] In any embodiment of the second aspect of the
invention, the trigger can be any one of proximity to the
external medical setting, an external communication mes-
sage, a user trigger, or an algorithmic trigger.

[0026] In any embodiment of the second aspect of the
invention, the method can further comprise the step of
transmitting data, control instructions, alerts, triggers, or
programming between the external medical setting and the
implantable medical device via the wireless link.

[0027] In any embodiment of the second aspect of the
invention, the first data collection mode can be any one of
a high resolution mode, a low resolution mode, a real-time
mode, a transmission mode, an on mode, an off mode, a
non-inhibited mode, an alert mode, a high power consump-
tion mode, a low power consumption mode, a high threshold
mode, and a low threshold mode, and wherein the second
data collection mode can be any one of a high resolution
mode, a low resolution mode, a real-time mode, a transmis-
sion mode, an on mode, an off mode, a non-inhibited mode,
an alert mode, a high power consumption mode, a low power
consumption mode, a high threshold mode, and a low
threshold mode.

[0028] In any embodiment of the second aspect of the
invention, the data can include parameters for any one of
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impedance, fluid status indicators, ECG or EGM, heart rate,
heart rate variability, blood pressure, patient activity, glu-
cose level, potassium level, calcium level, magnesium level,
sodium level, hematocrit level, urea level, CO, level, respi-
ration, patient posture, patient temperature, and arrhythmia
status.

[0029] In any embodiment of the second aspect of the
invention, the external medical setting can be selected from
any one of a dialysis machine, an external monitor, a scale,
a blood pressure measurement system, a monitor, a nurse
monitoring system, a computer having an electronic medical
record, a CPAP machine, an exercise equipment, and a
physiologic monitoring device.

[0030] In any embodiment of the second aspect of the
invention, the method can further comprise switching from
the second monitoring mode to the first monitoring mode
after a set period of time after receiving the trigger.

[0031] In any embodiment of the second aspect of the
invention, the method can comprise switching from the
second monitoring mode to the first monitoring mode after
receiving a second trigger.

[0032] Any of the features described as being part of the
second aspect of the invention can be included in the second
aspect of the invention, either alone or in combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1is a medical monitoring system according to
an embodiment wherein the external trigger source is a
dialysis machine.

[0034] FIG. 2 is a medical monitoring system according to
an embodiment, wherein the external trigger source is a
medical monitor.

[0035] FIG. 3 is an embodiment of the trigger signal
transmission using RF signals.

[0036] FIG. 4 is an example of a monitor display in both
high resolution and low resolution modes.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] Unless defined otherwise, all technical and scien-
tific terms used herein generally have the same meaning as
commonly understood by one of ordinary skill in the rel-
evant art.

[0038] The articles “a” and “an” are used herein to refer to
one or to more than one (i.e., to at least one) of the
grammatical object of the article. For example, “an element”
means one element or more than one element.

[0039] The term “activity” or “activity level” as used
herein refers to the amount of physical activity of a patient.
[0040] An “algorithmic trigger” is a trigger, wherein in
response to the value of some parameter, the device receiv-
ing the algorithmic trigger takes an action of any type.
[0041] An “alert mode” refers to a mode of monitoring a
medical parameter with a monitor than can deliver therapy
wherein the monitor provides an alert in response to a
medical parameter crossing a predetermined threshold, but
does not automatically provide therapy in response to the
medical parameter crossing a predetermined threshold.
[0042] The term “CPAP machine” refers to a device that
provides continuous positive airway pressure to a subject.
The device uses positive air pressure to keep the airways of
the subject open and improve the breathing ability of the
subject.
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[0043] The terms “communicate” and “‘communication”
include but are not limited to, the connection between the
electrical elements of the system, either directly or wire-
lessly, using optical, electromagnetic, electrical, acoustic or
mechanical connections, for data transmission among and
between said elements.

[0044] The term “comprising” includes, but is not limited
to, whatever follows the word “comprising.” Use of the term
indicates the listed elements are required or mandatory but
that other elements are optional and may or may not be
present.

[0045] The term “consisting of” includes and is limited to
whatever follows the phrase the phrase “consisting of.” The
phrase indicates the limited elements are required or man-
datory and that no other elements may be present.

[0046] The phrase “consisting essentially of” includes any
elements listed after the phrase and is limited to other
elements that do not interfere with or contribute to the
activity or action specified in the disclosure for the listed
elements. Thus, the phrase indicates that the listed elements
are required or mandatory but that other elements are
optional and may or may not be present, depending upon
whether or not they affect the activity or action of the listed
elements.

[0047] The terms “data collection mode™ and “monitoring
mode” refer to the method of data collection or monitoring
of a medical device. As used herein, data collection modes
or monitoring modes include but are not limited to: the
frequency of measurements, the resolution of measure-
ments, whether specific medical parameters are monitored,
or the whether certain data is transmitted to a receiver.
[0048] A “dialysis parameter” is any factor of a dialysis
session that tends to affect the health of the patient during
and after dialysis. As used herein, “dialysis parameter”
includes, but is not limited to, occurrence of dialysis, fluid
removal prescription such as a “dialysis session prescrip-
tion,” fluid removal rate, electrolyte balance of the dialysate
or pH of the dialysate.

[0049] The term “display” as used herein means presen-
tation of information on a computer screen of any type or
form.

[0050] The term “enclosed within another medical device”
refers to a device or system that is part of, or housed within,
a larger device, and not a stand alone piece of equipment.
[0051] “Exercise Equipment” refers to any piece of equip-
ment generally used for physical activity by a subject.
Non-limiting examples of exercise equipment include tread-
mills, elliptical equipment, or stair climbers.

[0052] An “external communication message” is a trans-
mission received from a source external to a system.
[0053] An “external medical device” describes any device,
component or module that is outside of a patient’s body. An
external medical device can refer, but is not limited to, any
treatment device, monitoring device, or physiological data
recording device.

[0054] An “external medical setting” refers to any device,
location, or structure outside of a patient’s body. An external
medical setting can refer to a particular external medical
device, a hospital, a clinic, or any other setting.

[0055] “Fluid status indicators” are any parameters that
tend to indicate the fluid status of a patient. Changes in fluid
status indicators are proportional to changes in the fluid
levels of the patient.
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[0056] A “high power consumption mode” refers to a
mode of monitoring a medical parameter with a medical
device, wherein the medical device is configured to use more
power than in the normal operating conditions. The higher
power consumption can be based on an increased frequency
of monitoring, an increased frequency of transmission, an
increased frequency of treatment, or any other factors that
would tend to increase the power requirements of the
medical device.

[0057] A “high resolution mode” refers to a mode of
monitoring a medical parameter wherein data concerning the
medical parameter is sensed or transmitted intermittently,
but at a high frequency. There is no set amount of time
between sensing or transmission of the data to be considered
“high resolution,” however, in a high resolution mode the
sensing or transmission will occur with a frequency that is
greater than when the monitor is not in a high resolution
mode.

[0058] A “high threshold mode” refers to a mode of
monitoring a medical parameter wherein the threshold for
detecting a medical event or delivering therapy in response
to the medical parameter is set to a higher limit.

[0059] The term “implantable medical device” describes a
device, component or module intended to be totally or
partially introduced, surgically or medically into a mamma-
lian body, or by medical intervention that remains after the
procedure.

[0060] An “input” as used herein is a component that
allows data to be entered into or received by a device or
system. The input can provision the submission of data of
any type for further processing by the device or system.
[0061] A “low power consumption mode” refers to a mode
of monitoring a medical parameter with a medical device,
wherein the medical device is configured to use less power
than in the normal operating conditions. The lower power
consumption can be based on a reduced frequency of
monitoring, a reduced frequency of transmission, a reduced
frequency of treatment, or any other factors that would tend
to decrease the power requirements of the medical device.
[0062] A “low resolution mode” refers to a mode of
monitoring a medical parameter wherein data concerning the
medical parameter is sensed or transmitted intermittently.
There is no set amount of time between sensing or trans-
mission of the data to be considered “low resolution,”
however, in a low resolution mode the sensing or transmis-
sion will occur less often than the monitor is capable of
sensing or transmitting the data.

[0063] A “low threshold mode” refers to a mode of
monitoring a medical parameter wherein the threshold for
detecting a medical event or delivering therapy in response
to the medical parameter is set to a lower value of any type
relative to another value.

[0064] A “medical monitoring system” is a system includ-
ing one or more sensors that are configured to sense at least
one medical parameter of a patient.

[0065] A “medical parameter” is any data that gives infor-
mation about the health of a patient. As used herein, the term
“medical parameter” includes, but is not limited to electro-
myogram (EMG), an electroencephalogram (EEG), an elec-
trocardiogram (ECG), tissue impedance, blood pressure, the
level of specific ions in the blood of a patient such as, but not
limited to potassium, sodium, and calcium, patient weight
including both dry weight and wet weight, pre- and post-
dialysis, a fluid profile including current and historical
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profiles, or other data concerning the health of the patient
such as arthythmia information, heart rate, fluid level, and
blood ion levels.

[0066] A “memory component” is a component capable of
recording and saving data.

[0067] A “medical condition associated with a medical
parameter,” as used herein, refers to a health state of a
patient, wherein the health state can be determined, at least
in part, based on the medical parameter.

[0068] The term “mode of monitoring,” as used herein,
describes the operating parameters of a medical device, such
as the frequency or resolution of data collection.

[0069] A “non-inhibited mode” refers to a mode of deliv-
ering therapy with an implantable medical device, wherein
the therapy is delivered independently of detection of medi-
cal parameters as defined herein.

[0070] An “off mode” refers to a monitor that is not
currently monitoring a particular medical parameter.
[0071] An “on mode” refers to a mode of monitoring a
medical parameter wherein the monitor is actively monitor-
ing the medical parameter.

[0072] A “patient” is a member of any animal species,
preferably a mammalian species, optionally a human. The
subject can be an apparently healthy individual, an indi-
vidual suffering from a disease, or an individual being
treated for an acute condition or a chronic disease.

[0073] The term “posture” as used herein refers to the
body positioning of a patient.

[0074] A “physiologic monitoring device” is an external
medical device capable of sensing data regarding one or
more medical parameters of a patient.

[0075] The term “proximity” refers to the distance
between two objects.

[0076] The term “signal” refers to a transitory or non-
transitory transmission.

[0077] A “real time mode” refers to a mode of monitoring
a medical parameter wherein data concerning the medical
parameter is sensed or transmitted constantly, or nearly
constantly.

[0078] A “sensor”is a device capable of measuring at least
one parameter of a system or patient.

[0079] The term “switching,” as used herein, refers to
changing the mode of a medical device or sensor.

[0080] A “transmission mode” refers to a mode of moni-
toring a medical parameter wherein the data concerning the
medical parameter is communicated to a receiver.

[0081] A “trigger” is a signal that causes a device receiv-
ing the signal to take an action of any type.

[0082] A “user trigger” is a signal that is directed by a
human user and that causes device receiving the signal to
take an action of any type.

Medical Monitoring System

[0083] Because of the changes in several medical param-
eters that occur during a dialysis or other kidney treatment
session, this monitoring becomes especially important in the
time period immediately before, during and after a kidney
treatment session. The type of data that should be monitored
in the time periods during and immediately after a dialysis
session can be different from the types of data that are
commonly monitored between dialysis sessions. Further, the
frequency of the need for monitoring can also change during
or immediately after a dialysis session. Additionally, the
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level of resolution necessary for effective monitoring can
increase during or after a dialysis session.

[0084] Inaddition to providing therapy, IMDs can perform
a range of medical monitoring functions. Non-limiting
examples of medical parameters that can be monitored by
the IMDs of the present invention include impedance, fluid
status, ECG, EGM, heart rate, heart rate variability, blood
pressure, hematocrit levels, glucose levels, potassium or
other electrolyte levels, patient activity levels, patient pos-
ture, respiration, CO, levels, and body temperature. In some
situations, the frequency of measurements of medical
parameters does not need to be as often as in other situations.
One advantage of the first and second aspects of the inven-
tion 1s that the frequency of monitoring some or all of the
medical parameters can be increased in situations where
there is a greater need for monitoring, thus conserving
battery life. Another advantage is that the first and second
aspects of the invention also contemplate one or more of the
sensing functions performed by the IMD being taken over
by external sensors during in-clinic dialysis to conserve
battery. The type of sensing can be dependent on the
particular need wherein a specially adapted computer or
processor can determine whether the IMD is required to
have all, some, or none of the sensing functions active
during dialysis. For example, ECG data can be collected by
external sensors during dialysis, thus relieving ECG func-
tion from the IMD. Similarly, heart rate and blood pressure
measurements obtained by an IMD inter-session can be
relieved by in-clinic data collection and monitoring devices
during dialysis.

[0085] However, known IMDs do not selectively monitor
a patient’s health status, such as fluid status, electrolyte
concentration, and arrhythmias based on external factors
such as the occurrence of dialysis. Selectively monitoring a
patient’s health status can provide life saving information to
the patient and health care providers.

[0086] FIG. 1 shows a non-limiting embodiment of the
first and second aspects of the invention. A medical device
1 with monitoring capabilities can be implanted in a patient
2. Upon receiving a trigger signal 4 from a transmitter 5 on
an external setting, such as dialysis machine 3, the IMD can
automatically switch monitoring modes. In any embodiment
of the first and second aspects of the invention, as shown in
FIG. 1, the trigger can be based on the proximity of the
patient 2 to the external medical device 3. When the patient
2 comes near the dialysis machine 3, the IMD 1 can
automatically receive the signal from the dialysis machine 3
and switch monitoring modes. This ensures that the battery
life of the IMD 1 is not used up as quickly when the patient
is not receiving dialysis, but provides full monitoring during
a dialysis session.

[0087] In any embodiment of the first and second aspects
of the invention, a wireless communication can be estab-
lished between the IMD and the external medical device.
This allows for the IMD to transmit data to the external
source for recording, monitoring or therapy. The communi-
cation can be any type of wireless communication known in
the art, including radio frequency, low energy Bluetooth, or
cellular communication.

[0088] In any embodiment of the first and second aspects
of the invention, the dialysis mode of monitoring of the IMD
can continue for some period of time after the patient leaves
the proximity of the dialysis machine. When the IMD no
longer detects that the patient is near to the dialysis machine,
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the IMD can automatically revert back to a non-dialysis
mode after some set period of time. In any embodiment of
the first and second aspects of the invention, the set period
of time can be between any of 1 minute to 1 day, 1 minute
to 1 hour, 1 hour to 8 hours, or 6 hours to 1 day. In any
embodiment of the first and second aspects of the invention,
the dialysis mode of monitoring of the IMD can continue
until a second trigger signal is received. The second trigger
signal can be received as described herein for the first trigger
signal. The second trigger signal can indicate that the
dialysis session has ended, or that the patient is leaving the
treatment facility.

[0089] Maintaining a high resolution mode of sensing
medical parameters after a dialysis session is important to
determining ways to improve the patient response to dialy-
sis. In the time shortly after a dialysis session, a patient can
experience a sustained elevated heart rate or sinus tachycar-
dia even with no or minimal physical activity. The risk of a
sinus tachycardia is increased if too much fluid was removed
during a dialysis session or if fluid was removed at too high
of arate. The elevated heart rate can place the patient at risk
of arrhythmia, and can negatively impact how the patient
feels. By maintaining high resolution monitoring for some
time after a dialysis session has occurred, the health care
providers can determine if this is happening and adjust
future dialysis session parameters accordingly.

[0090] FIG. 2 shows another embodiment of the first and
second aspects of the invention. The external medical setting
in FIG. 2 is a monitor 13. When the patient 12 nears the
monitor 13, the IMD 11 can automatically switch modes
based on trigger signal 14. In any embodiment of the first
and second aspects of the invention, the IMD 11 can switch
into a transmission mode when near the monitor 13, That is,
when the IMD 11 is in proximity to the monitor 13, the IMD
11 can begin transmitting the monitored medical data to the
monitor 13 by signal 15, where the data can be saved or
displayed. This embodiment of the first and second aspects
of the invention ensures that medical data is only transmitted
while the patient 12 is within the receiving range of a
monitor 13 that is capable of receiving the data. Because the
IMD is not transmitting information when the IMD is not
within range of the monitor, the IMD conserves battery life
by not using power for information transmission when there
is no external medical device (EMD) to receive and display
the information.

[0091] In any embodiment of the first and second aspects
of the invention, the IMD can switch from a low resolution
to a high resolution mode when in proximity to an external
monitor. Most IMDs cannot store all of the high resolution
data that the IMD is capable of sensing. For example, the
memory constraints would be too high for an IMD to store
ECG/EGM for the full duration of the IMD life. However,
because the IMD in the embodiment of the first and second
aspects of the invention shown in FIG. 2 need only measure
ECG/EGM in high resolution mode when there is an exter-
nal monitor capable of receiving the data, the memory
constraints on the IMD are significantly reduced. Addition-
ally, because the high resolution or real-time data is only
collected during the particular window of interest, the down-
load time for transmitting the data to a receiver will be
reduced.

[0092] One skilled in the art will understand that the
monitor shown in FIG. 2 need not be a stand alone monitor.
The monitor can be any device capable of receiving data
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from the IMD and displaying or recording the data. In any
embodiment of the first and second aspects of the invention,
the monitor can be integral to another medical device, such
as a dialysis machine. In any embodiment of the first and
second aspects of the invention, the monitor may be part of
a computer system. In any embodiment of the first and
second aspects of the invention where the monitor is con-
nected to a computer containing electronic medical records,
the IMD can automatically switch into a mode to update the
electronic medical records based on the monitored param-
eters.

[0093] The external medical setting that is the source of
the trigger signal can be any medical device, and is not
limited to a dialysis machine or monitor. In any embodiment
of the first and second aspects of the invention, the external
medical setting can be a scale, a blood pressure measure-
ment system, a monitor, a nurse monitoring system, a
computer having an electronic medical record, or a physi-
ologic monitoring device. In any embodiment of the first and
second aspects of the invention, the IMD can be configured
to change modes based on signals that can come from
multiple medical devices. For example, the same IMD may
be configured to switch to a high resolution monitoring
mode when near a dialysis machine, and switch to a trans-
mission mode when near to a monitor. When the IMD is near
to both a dialysis machine and a monitor, the IMD can
switch into a high resolution monitoring mode and simul-
taneously begin to transmit the data to the monitor.

[0094] In any embodiment of the first and second aspects
of the invention, the external device can be a piece of
exercise equipment, such as a treadmill. The trigger can be
received by the IMD when the patient steps on or near to the
exercise equipment. In any embodiment of the first and
second aspects of the invention, the exercise equipment can
be configured to send the trigger signal when the equipment
is activated and the exercise begins. Parameters such as heart
rate or blood pressure are important to monitor during
exercise in patients with heart disease.

[0095] In any embodiment of the first and second aspects
of the invention, the external device can be a continuous
positive airway pressure (CPAP) machine. Patients using
CPAP machines generally have respiratory difficulty. Many
CPAP users suffer from sleep apnea. These patients suffer
from pauses in breathing during sleep, causing a reduction
in blood oxygen. When the patient puts on the CPAP device,
the trigger can be automatically sent and received by the
IMD. The IMD can automatically begin to monitor blood
oxygen saturation or other indications of respiratory prob-
lems while the patient sleeps. In any embodiment of the first
and second aspects of the invention, the IMD can provide an
alert, such as a vibration, to wake up the patient if the blood
oxygen levels drop to an unsafe level. In any embodiment of
the first and second aspects of the invention, the IMD can
send a signal to the CPAP machine or a monitor if the blood
oxygen levels drop, and the CPAP machine or monitor can
provide an alarm.

[0096] In any embodiment of the first and second aspects
of the invention, the medical monitoring system can be
enclosed within another medical device, and need not be a
stand-alone system. For example, in any embodiment of the
first and second aspects of the invention, the medical moni-
toring system can enclosed within a dialysis system, or
enclosed within a piece of an exercise equipment.
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[0097] In any embodiment of the first and second aspects
of the invention, the external source can interact with the
IMD. For example, in any embodiment of the first and
second aspects of the invention where the external source is
a dialysis machine, the dialysis machine can select dialysis
parameters for the patient based on the received data from
the IMD. For example, the rate of ultrafiltration, the con-
centration of electrolytes in dialysate, dialysate pH or other
dialysis parameters can be automatically determined by the
dialysis machine based on the measured medical parameters
of the patient. If the blood pressure of the patient drops
during a dialysis session, the dialysis machine can automati-
cally change one or more parameters in order to return the
patient’s blood pressure to an acceptable range. The system
can stop ultrafiltration, or in any embodiment of the first and
second aspects of the invention, the dialysis system can
automatically add fluid to the dialysis flow loop to increase
the fluid level in the patient. In any embodiment of the first
and second aspects of the invention, the system can auto-
matically determine the proper ultrafiltration rate based on
patient impedarnce and a target impedance or treatment time.
In any embodiment of the first and second aspects of the
invention, the dialysis system can change the dialysate
temperature based on the heart rate of the patient. In any
embodiment of the first and second aspects of the invention,
the IMD can be configured so that the transmission of certain
data to receivers, such as can be on a dialysis machine, only
occurs after the IMD receives the trigger signal. In any
embodiment of the first and second aspects of the invention,
the IMD can transmit to the dialysis machine a warning if
the IMD senses an arrhythmia or ischemia. The IMD can
cause an alert to appear on the dialysis machine, or in any
embodiment of the first and second invention, cause the
dialysis machine to automatically shut down. In any
embodiment of the first and second aspects of the invention,
the IMD can switch from a high resolution mode to a real
time mode, or display an actual ECG, after the IMD senses
an arrhythmia or ischemia or a heart rate increase. In any
embodiment of the first or second aspects of the invention,
the IMD can also store information for the patient, such as
a dialysis prescription, blood borne illnesses or aversions to
certain therapies. In response to a trigger signal indicating
that dialysis is about to begin, the IMD can transmit the
information to the therapy provider or to the dialysis
machine to ensure that the therapy delivered is consistent
with the needs of the patient. In any embodiment of the first
or second aspects of the invention, the IMD can transmit a
signal to the dialysis machine to ensure the correct materials
are being used by the dialysis machine, such as sorbent
cartridges or dialyzers registered to the particular patient.

[0098] Arrhythmias are medical conditions associated
with the medical parameter of heart rate. In any embodiment
of the first or second aspects of the invention, the IMD can
adjust the mode of treatment of the medical condition based
on an external signal, such as a signal indicating the start of
dialysis. Dialysis machines may emit noise signals during
therapy that may be detected by an IMD. As the number of
patients with IMDs receiving dialysis increases, the prob-
lems occurring due to noise signals emitted by the dialysis
machines may increase. As such, in any embodiment of the
first or second aspects of the invention, the IMD can
automatically be set to enter an alert mode, and provide an
audible or visual alert when detecting fast heart rates during
dialysis, instead of automatically providing therapy. In
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response to a trigger signal indicating that a dialysis session
1s beginning, or is about to begin, the IMD can switch into
this alert mode. The alert mode will allow the therapy
provider to prohibit a shock in response to the IMD indi-
cating a fast heart rate if the detection of the fast heart rate
is due to noise signals emitted by the dialysis machine. This
can prevent unnecessary therapy being delivered to the
patient. In any embodiment of the first or second aspects of
the invention, the IMD can automatically enter a non-
inhibited mode in response to a signal indicating the start of
a dialysis session. A non-inhibited mode in an IMD causes
the IMD to provide therapy independently of detection of
fast heart rates. For example, a pacing treatment device can
be set to deliver pacing at set time intervals. An ICD shock
or similar device can be set to deliver therapy after a specific
arrhythmia. A pacer dependent patient can receive the pacing
therapy throughout the dialysis session automatically, so that
noise signals emitted by the dialysis machine do not inter-
fere with the therapy.

[0099] In any embodiment of the first or second aspects of
the invention, the IMD can automatically change the mode
of treatment of arrhythmias by adjusting arrhythmia detec-
tion parameters in response to an external trigger. Arrhyth-
mia storing IMDs can have a set ventricular tachyarrhythmia
detection rate, wherein the IMD stores arrhythmias faster
than the detection rate. During a dialysis session sinus
tachycardia can be expected. In any embodiment of the first
and second aspects of the invention, the IMD can automati-
cally set to a high threshold mode. That is, the arrhythmia
detection rate can be set higher during the dialysis session,
allowing the IMD to avoid detecting the expected sinus
tachycardia, thus reducing false positive detections. In any
embodiment of the first and second aspects of the invention,
the IMD can be set to a low threshold mode in response to
atrigger indicating the start of a dialysis session. That is, the
arrhythmia detection rate can be lowered in response to the
trigger indicating the start of a dialysis session. Lowering the
arrhythmia detection rate during a dialysis session can help
indicate to the treating technicians if the dialysis is nega-
tively affecting the patient’s heart rate. Earlier detection of
arrhythmia during dialysis can allow the technicians to take
appropriate action to resolve the arrhythmia early, thus
preventing exacerbation of high heart rates due to the
dialysis treatment and providing early warning to the
therapy providers. In any embodiment of the first or second
aspects of the invention, each patient may have their own
reference norm for arrhythmia detection. For example, a
patient prone to monomorphic VT may have an IMD with an
arrhythmia detection limit of 170 bpm. Other patients, such
as those with a primary arrhythmia in the absence of
structural heart disease, may have a higher arrhythmia
detection rate, such as 200 bpm. Based on the preferences of
the health care provider, the arrhythmia detection rate can be
set either higher or lower based on the external trigger. In
any embodiment of the first or second aspects of the inven-
tion, the IMD can be programmed with an alternate detec-
tion rate. In response to the external trigger indicating the
start of a dialysis session, the IMD can automatically change
to the second detection rate. In any embodiment of the first
or second aspects of the invention, the arrhythmia detection
rate can be set to any other arrhythmia detection rate
available in the device in response to a trigger showing that
a dialysis session is starting or about to start. In any
embodiment of the first and second aspects of the invention
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the arrhythmia detection rate can be set to between any of 90
bpm and 300 bmp, 90 bpm and 250 bpm, 100 bpm and 150
bpm, 120 bpm and 150 bpm, 150 bpm and 167 bpm, 167
bpm and 200 bpm, 175 bpm and 250 bpm, or 200 bpm to 300
bpm in response to a trigger showing that a dialysis session
is starting or about to start.

[0100] In any embodiment of the first and second aspects
of the invention, the therapy delivered to the patient by the
IMD can also be changed based on an external trigger. For
example, dialysis patients may experience slow heart rates,
which can be undesirable during a dialysis session. IMDs
that deliver pacing therapy work by beginning pacing
therapy if the patient’s heart rate drops below a set lower
pacing rate. In any embodiment of the first or second aspects
of the invention, a low threshold mode in an IMD can be set
to automatically raise the pacing lower rate to ensure suf-
ficient blood circulation during dialysis. This change in the
lower pacing rate can occur in response to a trigger as
explained herein, that shows dialysis has started, or is about
to begin. The raised lower pacing rate can continue until the
patient leaves the dialysis machine, for some set period after
the start of dialysis, or for some set period after the patient
leaves the dialysis machine. In any embodiment of the first
and second aspects of the invention, the pacing rate can
return to the original pacing rate based on a second trigger
signal, or the pacing rate can be manually readjusted. In any
embodiment of the first or second aspects of the invention,
the lower pacing rate can be adjusted to between any of 30
bpm and 150 bmp, 30 bpm and 80 bpm, 50 bpm and 65 bmp,
60 bpm and 70 bpm, 65 bpm and 80 bpm, 75 bpm and 100
bpm, or 95 bpm and 150 bpm in response to a trigger
showing that a dialysis session is starting or about to start.

[0101] In any embodiment of the first or second aspects of
the invention, the IMD can change the mode of treating the
arrhythmias by adjusting the pacing therapy outputs based
on a trigger indicating that a dialysis session has started, or
is about to start. Dialysis sessions can require adjusting of
electrolytes, which in turn may impact pacing therapy cap-
ture during the dialysis session. In most cases, therapy
outputs are either constant, adjusted due to periodic capture
threshold measurements, or set to an acute phase after
implant for a particular duration of time. However, due to the
adjustment of electrolytes during dialysis, it may be benefi-
cial to adjust therapy outputs in response to a trigger
indicating the start of a dialysis session. For example, the
IMD can increase therapy outputs by a set amount, a
proportional amount, or any other amount whenever the
IMD is within proximity to a dialysis machine, or in
response to any other trigger indicating the start of dialysis.
Fach patient may have their own set value for therapy
outputs, which can be changed in response to the trigger
signal. In any embodiment of the first and second aspects of
the invention, therapy outputs can be set to between any of
0.5Vand8.0V,05and2.0V,1.0Vand 5.0V,o0r4.0V and
8.0 V amplitude. In any embodiment of the first and second
aspects of the invention, the pulse width of the therapy can
be set to between any of 0.03 ms to 1.5 ms, 0.03 ms to 0.1
ms, 0.05 ms to 0.20 ms, 0.20 ms to 0.75 ms, 0.5 ms to 1 ms,
or 0.75 ms to 1.5 ms. In any embodiment of the first or
second aspects of the invention, the increased therapy out-
puts can be continued throughout the duration of dialysis, or
for a set period of time after the dialysis session ends.

[0102] In addition to changing the frequency of measure-
ments or transmission of data, the IMD can also change
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other monitoring modes. In any embodiment of the first and
second aspects of the invention, the IMD can be configured
to only monitor certain medical parameters after receiving
the trigger. For example, parameters such as ECG/EGM
morphology, heart rate, blood pressure, temperature, glucose
levels and activity are generally more useful to monitor
during or immediately after dialysis. Patient inactivity after
a dialysis session may indicate that treatment needs to be
changed. A significant change in EGM morphology can
indicate a bad reaction to the dialysis, and may indicate a
need to adjust electrolyte balance. A rapid change in patient
temperature may indicate that the dialysis treatment is too
harsh on the patient and should be adjusted. In any embodi-
ment of the first and second invention, the IMD can be
configured so that these parameters are in an “off”” mode, or
not measured, unless the IMD receives a trigger signal from
an external source, thus saving battery life by not sensing all
possible parameters at all times. When the IMD receives a
trigger from the external source, the IMD can switch these
parameters to an “on” mode, or begin monitoring the param-
eters.

[0103] Any IMD capable of monitoring a medical param-
eter is contemplated by the invention. Implantable ECG or
electrogram sensors can be used to monitor hearth rate, heart
rate variability, or to obtain an ECG. Hematocrit levels can
be monitored by an implantable hematocrit sensor. Imped-
ance or fluid status can be monitored by any implantable
sensor capable of sending and receiving electrical impulses.
Blood pressure, including central, peripheral, pulmonary
artery, or right atrial blood pressure, can be measured by an
implantable blood pressure sensor. Glucose, potassium, cal-
cium, urea, magnesium, sodium, or other blood solutes can
be monitored by any implantable chemical sensor, such as
the Continuous Glucose Monitoring system by Medtronic.
Activity level of a patient can be monitored by an implant-
able accelerometer. Respiration can be measured by a sensor
capable of measuring CO, levels in the patient.

[0104] In any embodiment of the first and second aspects
of the invention, the IMD can switch from a low resolution
to a high resolution monitoring mode when the TMD
receives the trigger signal. Low resolution monitoring pro-
vides less information, but is also less of a burden on battery
life. The present invention allows for the IMD to automati-
cally switch to a higher burden high resolution monitoring
mode when a higher frequency of monitoring is necessary or
desirable, such as when the patient is receiving dialysis or
when the patient is within range of a monitor that can receive
the data. Because changes in medical parameters can happen
more quickly during and immediately after dialysis, the high
resolution mode can begin when the patient is receiving
dialysis, and continue for some set period of time afterward,
allowing remote monitoring of the patient in the time period
after dialysis.

[0105] In any embodiment of the first and second aspects
of the invention, during a low resolution mode, the results of
the sensing of a medical parameter can be stored in the
memory of the implantable device and not transmitted to an
external medical device. During the high resolution sam-
pling, the results can be automatically transmitted to an
external medical device as well as stored in the IMD,
reducing the memory requirements for the IMD.

[0106] In any embodiment of the first and second aspects
of the invention, the IMD can switch to a real-time mode
when the IMD receives an external trigger. A real-time mode
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allows for sensing and transmitting of medical parameters in
a constant or near constant mode, such as beat-by-beat
sensing and transmitting of heart rate, blood pressure or
other parameters. Sensing parameters in a real time mode
provides valuable insight into the physiological response to
the dialysis session. The real-time or high resolution mode
can be continued for a window of time after receiving the
external trigger, allowing for remote monitoring of the
physiological response to dialysis after the patient leaves the
dialysis machine. Real-time sensing and storage is not
practical in conventional IMDs due to limitations on
memory storage. However, because the real-time or high
resolution mode is only active during or for a short window
after dialysis according to the present invention, high levels
of storage are not necessary. Table 1 shows some non-
limiting exemplary embodiments of the different sensing
and transmitting modes of the first and second aspects of the
invention. In response to the external trigger, the IMD can
switch into a real-time mode for some of the parameters
listed in Table 1, a high-resolution mode for some of the
parameters listed in Table 1, and a low resolution mode for
some of the parameters listed in Table 1. The different modes
for different parameters can be based on the external signal
and the needs of the patient and health care provider. In any
embodiment of the first and second aspects of the invention,
the IMD can be monitoring a particular parameter, such as
heart rate, in high resolution mode, but switch to real time
mode if the IMD senses an event of interest, such as an
arrhythmia. Additionally, in each mode the IMD can per-
form the function more or less often than is listed in Table
1. The “real-time,” “high resolution,” and “low resolution”
descriptions are for descriptive purposes only, and no par-
ticular requirements are necessary to be considered in a
“high resolution” or any other mode.
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skilled in the art will understand that some of the functions
can be reduced, to allow lower power consumption when the
IMD is not near an EMD. In response to a trigger signal, the
IMD can be configured to turn on or increase the frequency
of some of these functions, and thus enter a high power
consumption mode.

[0108] As shown in Table 1, the IMD can communicate
with an EMD based on the received trigger. That is, when the
IMD receives a signal from the EMD, the IMD can begin
transmitting information. The IMD can be configured to
optimize communications with the EMD while in high
resolution or real-time mode, so as to save on battery life.
The signal transmitter on the EMD can always be on.
Because the EMD doesn’t necessarily need a battery, and
because the EMD battery may be rechargeable or replace-
able if the EMD does need a battery, the EMD can constantly
be transmitting the signal without the battery problems of a
constantly transmitting IMD. The IMD can be configured to
only transmit data while in high resolution mode. When the
IMD switches back to low resolution mode, the signal
transmission from the IMD to the EMD can be shut off.
Thus, the collection and communication of data is optimized
for battery life by only communicating the data after receiv-
ing the external trigger. In any embodiment of the first and
second aspects of the invention, the same signal can cause
the IMD to begin collecting data on a particular parameter,
such as ECG or heart rate. Thus, in any embodiment of the
first and second aspects of the invention, the IMD can only
collect data while there is a receiver for transmission of the
data. This will eliminate the need to store large amounts of
data on the IMD, reducing memory constraints and improv-
ing efficiency and battery life. In any embodiment of the first
and second aspects of the invention, the IMD can simply

TABLE 1
Function Real-Time High Resolution Low Resolution
ECG ECG or EGM Stored every 5 minutes  Stored only if an
Tracing arrhythmia occurs
Heart Rate Every beat Average based on several Average based on

beats-up to 5 minutes

beats each hour or day.

Histogram of rate

distributions

Blood Pressure Every 1-5 seconds or Every 5 minutes Every hour to every
continuously day

Impedance Every 1-5 seconds or Every 5 minutes Every hour to every
continuously day

Communication Every 1-5 seconds or Every 5 minutes When queried or when

with EMD continuously IMD senses a receiver

Patient Activity Every 1-5 seconds  Every 5 minutes Every hour to every

Level day

Fluid Status Every 1-5 seconds or Every 5 minutes Every hour to every
continuously day

Posture Every 1-5 seconds or Every 5 minutes Every hour to every
continuously day

Temperature Every 1-5 seconds or Every 5 minutes Every hour to every
continuously day

[0107] In any embodiment of the first and second aspects

of the invention, the IMD can switch from a high power
consumption mode to a low power consumption mode. An
increased frequency of monitoring, treating or transmitting
data concerning medical parameters can cause an increase in
power consumption. When the IMD is not near an EMD,
reducing the frequency of certain measurements, treatments
or transmissions can save on power consumption. One

store the high resolution data and transmit the data to a
receiver only when prompted by a different trigger signal or
the user.

[0109] The trigger signal can be received based on other
factors than proximity to the external medical setting. For
example, if the external medical setting is a dialysis
machine, the trigger can be sent to the IMD only when the
machine begins therapy. In any embodiment of the first and
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second aspects of the invention, the trigger signal can be
triggered by a user. In any embodiment of the first and
second aspects of the invention, the trigger signal can be
from a physical contact, such as a tapping device. In any
embodiment of the first and second aspects of the invention,
the trigger can be based on an algorithmic detection of
certain parameters. For example, a decrease in impedance
can indicate that a dialysis session has begun. In any
embodiment of the first and second aspects of the invention,
the trigger signal can be an external communication mes-
sage. That is, a communication from outside of the system,
such as from a physician or patient, can be received by the
IMD and cause the IMD to change modes.

[0110] The trigger signal can be received by the IMD
through any means known in the art. As shown in FIG. 3, in
any embodiment of the first and second aspects of the
invention, the trigger can be sent through a radio frequency.
An RF transmitter 21 can be placed on the external medical
setting, such as a dialysis machine or other external medical
device. The transmitter can comprise a source 24 and an
antenna 25. The source 24 generates the RF signal, which is
transmitted by the antenna 25 as RF signal 26. The IMD 23,
implanted in patient, can comprise an RF receiver 22. When
the RF receiver 22 receives the RF signal 26 from the RF
transmitter 21, the IMD can automatically switch monitor-
ing modes as explained herein. In any embodiment of the
first and second aspects of the invention, the IMD can
automatically switch monitoring modes whenever the IMD
is within the range of signal 26.

[0111] One skilled in the art will understand that the
signals between the external source and the IMD need not be
RF signals. Other examples include low energy Bluetooth,
cellular, or other wireless communications systems. In any
embodiment of the first and second aspects of the invention,
the external source can have a magnetic field generator, and
the IMD can respond to the magnetic field from the external
source after detecting the magnetic field, such as with a Hall
sensor.

[0112] The IMD receiver can be either passive or active.
With a passive receiver, the incoming signal provides the
power for the receiver to operate. The IMD can automati-
cally detect the trigger signal whenever the trigger signal is
sent. This allows for switching of the monitoring modes
without the need for the patient or health care provider to
cause the switch. In any embodiment of the first and second
aspects of the invention, the IMD receiver can be an active
receiver. The IMD’s power source can provide power to the
receiver, allowing for more powerful detection of the trigger
signal.

[0113] In any embodiment of the first and second aspects
of the invention, the medical monitoring system described
herein can include a memory component. The memory
component is a device capable of receiving and recording
medical data from the IMD. The IMD can establish wireless
communication with the memory component, and send the
medical data to the memory component. The memory com-
ponent can receive and record the data. In any embodiment
of the first and second aspects of the invention, the memory
component can be part of, or integral to, the IMD. In any
embodiment of the first and second aspects of the invention,
the memory component can be external, such as part of a
medical monitor. In any embodiment of the first and second
aspects of the invention, the memory component can be part
of the external device that transmits the trigger signal. In any
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embodiment of the first and second aspects of the invention,
the memory component can be a non-transitory recording
medium.

[0114] The trigger signal, in any embodiment of the first
and second aspects of the invention, can be generated by the
memory component, or a device connected to the memory
component. When the IMD is in proximity to the memory
component, the IMD monitoring mode can switch, such that
the data is sent to the memory component for recording. In
any embodiment of the first and second aspects of the
invention where the memory component is integral to the
IMD, the memory component can store the medical data
generated by the IMD and transmit the data to a monitor
when the memory component is within range of the monitor.
[0115] In any embodiment of the first and second aspects
of the invention, the external medical setting may be con-
figured such that the external medical setting is always
transmitting a trigger signal. This signal can be received by
any IMD that close enough to the external medical setting to
receive the signal. In any embodiment of the first and second
aspects of the invention, the external medical setting can be
configured to only transmit a signal to a particular IMD or
IMDs. An example of this technology is Bluetooth pairing.
The only IMDs that will receive the external medical setting
trigger signal are the IMDs of the particular patients that are
undergoing dialysis at the particular point in time.

[0116] In any embodiment of the first and second aspects
of the invention, the IMD can be triggered to look for the
external medical setting signal. The IMD can be passive
until the user triggers the IMD to seek an external medical
setting signal. The user can trigger the IMD to turn on a
receiver or send a query signal for an external medical
setting. Once the external medical setting signal is found, the
IMD can switch monitoring modes as explained herein. This
can be accomplished by using an external device that can
cause the IMD receiver to turn on when the external device
is waved over the IMD. In any embodiment of the first and
second aspects of the invention, the IMD can automatically
begin searching for a signal from an external medical setting
after the patient enters a treatment facility. The entrance of
the treatment facility can comprise a scanner that triggers the
IMD to begin looking for an external medical setting signal.
In any embodiment of the first and second aspects of the
invention, the entrance way of the facility can comprise a
magnetic field generator that can be detected by a detector,
such as a Hall sensor on the IMD. In response to detecting
the magnetic field, the IMD can begin looking for the
external signal. In any embodiment of the first and second
aspects of the invention, the IMD can be configured to begin
searching for an external medical setting at a particular time,
such as when the patient is scheduled for dialysis or some
other medical procedure. In any embodiment of the first and
second aspects of the invention, the IMD can be configured
to search for an external medical setting at a set frequency,
such as every 30 minutes or every hour. In any embodiment
of the first and second aspects of the invention, the IMD can
be configured to always be searching for the trigger signal.
[0117] In any embodiment of the first and second aspects
of the invention, the hospital or treatment facility itself can
be the external medical setting that serves as the source for
the trigger signal. The entrance way of the facility, or
particular areas within the facility, can be configured to
transmit the trigger source. When a patient with an IMD
enters the facility, the IMD can receive the external trigger.
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[0118] FIG. 4 shows an exemplary embodiment of the data
received from an IMD that switches modes in response to a
signal showing that dialysis is occurring as in the first and
second aspects of the invention. The chart in FIG. 4 shows
the fluid level of a patient as the inverse of impedance
measured by an IMD. In the time period before the dialysis
session begins, the IMD is in low resolution mode, provid-
ing measurements every hour. During the dialysis session,
the IMD has automatically switched to a high resolution
mode, providing measurements every five minutes. After the
dialysis session, the IMD automatically returns to low
resolution mode, once again providing measurements of
fluid level every hour. One skilled in the art will understand
that the IMD can be configured to maintain a high resolution
mode for a set period of time after the dialysis session.
Additionally, other measurements, such as blood pressure,
can be switched into high resolution mode during a dialysis
session and remain in a high resolution mode for a set period
of time after the dialysis session. In any embodiment of the
first and second aspects of the invention, one parameter,
such as impedance, can be returned to a low resolution mode
immediately following or in a short window after the end of
a dialysis session, while another parameter, such as blood
pressure, can be maintained in high resolution mode for a
longer period of time after the dialysis session.

[0119] One skilled in the art will understand that various
combinations and/or modifications and variations can be
made in the dialysis system depending upon the specific
needs for operation. Moreover features illustrated or
described as being part of an aspect of the invention can be
included in the aspect of the invention, either alone or in
combination.

We claim:

1. A medical monitoring system, comprising:

an implantable medical device having one or more sen-

sors configured to monitor data corresponding to at
least one medical parameter;

an input in electronic communication with the implant-

able medical device, wherein the input is configured to
receive a signal corresponding to at least one trigger;
and

a dialysis machine configured to transmit the signal to the

implantable medical device;

wherein the implantable medical device is configured to

change a mode of monitoring the at least one medical
parameter or of treating a medical condition associated
with the at least one medical parameter based on the
signal corresponding to the at least one trigger.

2. The medical monitoring system of claim 1 wherein the
mode of monitoring the at least one medical parameter or of
treating the medical condition associated with the medical
parameter is changed from a first mode to a second mode in
response to the signal corresponding to at least one trigger;
wherein the first mode is selected from the group consisting
of a high resolution, a low resolution, a real-time, a trans-
mission mode, an on mode, an off mode, a non-inhibited
mode, an alert mode, a high threshold mode, and a low
threshold mode, and wherein the second mode is selected
from the group consisting of a high resolution, a low
resolution, a real-time, a transmission mode, an on mode, an
off mode, a non-inhibited mode, an alert mode, a high
threshold mode, and a low threshold mode.

3. The medical monitoring system of claim 1, further
comprising a monitor in wireless communication with the
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implantable medical device, wherein the monitor is config-
ured to receive and display the data corresponding to the at
least one monitored medical parameter.

4. The medical monitoring system of claim 1 wherein the
implantable medical device is configured to transmit the data
to the dialysis machine, and the dialysis machine is config-
ured to receive the data.

5. The medical monitoring system of claim 4 wherein the
dialysis machine automatically sets at least one dialysis
parameter based on the received data.

6. The medical monitoring system of claim 1 further
comprising a memory component in communication with
the implantable medical device; wherein the implantable
medical device is configured to transmit the data to the
memory component; and wherein the memory component is
configured to receive and record the data.

7. The medical monitoring system of claim 6 wherein the
memory component is part of the implantable medical
device.

8. The medical monitoring system of claim 1 wherein the
at least one medical parameter is selected from the group
comprising impedance, fluid status indicators, ECG or
EGM, heart rate, heart rate variability, blood pressure,
patient activity, glucose level, potassium level, calcium
level, magnesium level, sodium level, hematocrit level, urea
level, CO, level, respiration, patient posture, and patient
temperature.

9. The medical monitoring system of claim 1 wherein the
mode of monitoring at least one medical parameter initiates
monitoring of a medical parameter or terminates the moni-
toring of a medical parameter.

10. The medical monitoring system of claim 1 wherein the
trigger is proximity to the dialysis machine.

11. The medical monitoring system of claim 1 wherein the
medical monitoring system is enclosed within another medi-
cal device.

12. The medical monitoring system of claim 1 wherein the
implantable medical device is either:

(i) configured to always be capable of detecting the

trigger;

(ii) configured to be capable of detecting the trigger at a

set time;

(iii) configured to be capable of detecting the trigger at a

set frequency; and/or

(iv) configured such that a user can cause the implantable

medical device to become capable of detecting the
trigger.

13. A method, comprising the steps of:

establishing wireless communication between a dialysis

machine and an implantable medical device;
receiving a trigger from the dialysis machine to the
implantable medical device; and

switching from a first data collection mode to a second

data collection mode in the implantable medical device
based on the trigger.

14. The method of claim 13, wherein the trigger is any one
of proximity to the dialysis machine, an external commu-
nication message, a user trigger, or an algorithmic trigger.

15. The method of claim 13, further comprising the step
of transmitting data, control instructions, alerts, triggers, or
programming between the dialysis machine and the implant-
able medical device via the wireless link,

16. The method of claim 15 wherein the data includes
parameters for any one of impedance. fluid status indicators,
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ECG or EGM, heart rate, heart rate variability, blood pres-
sure, patient activity, glucose level, potassium level, calcium
level, magnesium level, sodium level, hematocrit level, urea
level, CO, level, respiration, patient posture, patient tem-
perature, and arrhythmia status.

17. The method of claim 13, wherein the first data
collection mode is any one of a high resolution, a low
resolution, a real-time, a transmission mode, an on mode, an
off mode, a non-inhibited mode, an alert mode, a high power
consumption mode, a low power consumption mode, a high
threshold mode, and a low threshold mode, and wherein the
second data collection mode is any one of a high resolution,
a low resolution, a real-time, a transmission mode, an on
mode, an off mode, a non-inhibited mode, an alert mode, a
high power consumption mode, a low power consumption
mode, a high threshold mode, and a low threshold mode.

18. The method of claim 13 further comprising switching
from the second monitoring mode to the first monitoring
mode after a set period of time after receiving the trigger.

19. The method of claim 13 further comprising switching
from the second monitoring mode to the first monitoring
mode after receiving a second trigger.

20. The system of claim 1, wherein the implantable
medical device is an implantable pacing device.
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