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7) ABSTRACT

One embodiment of the present invention relates to a system
for deriving physiologic measurement values that are relative
to ambient conditions. In one embodiment, the system com-
prises an implantable medical device (“IMD”), an external
computing device, and a backend computing system. The
IMD determines a physiologic parameter value within a
patient’s body, and communicates the physiologic parameter
value outside the patient’s body, for example, to the external
computing device. Further, the external computing device
receives the physiologic parameter from the IMD and com-
municates it to the backend computing system. The backend
computing system receives the physiologic parameter value
and obtains an ambient condition value outside the body. The
backend computing system then calculates a relative physi-
ologic parameter value from the ambient condition value and
the physiologic parameter value, and in some embodiments,
stores the relative physiologic parameter value in a storage
location, such as a memory or database.
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SYSTEMS AND METHODS FOR DERIVING
RELATIVE PHYSIOLOGIC
MEASUREMENTS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. application Ser.
No. 10/943,627, filed on Sep. 17, 2004, entitled “SYSTEMS
AND METHODS FOR DERIVING RELATIVE PHYSI-
OLOGIC MEASUREMENTS USING A BACKEND COM-
PUTING SYSTEM,” the entirety of which is incorporated
herein by reference.

BACKGROUND

The present invention relates generally to measuring physi-
ologic parameters of a patient, and more particularly, to sys-
tems, methods and devices for measuring and deriving physi-
ologic parameters relative to various environmental
parameters.

Medical devices are known that can be implanted within a
patient’s body for monitoring one or more physiological
parameters and/or to provide therapeutic functions. For
example, sensors or transducers can be placed in the body for
monitoring a variety of properties, such as temperature, blood
pressure, strain, fluid flow, chemical properties, electrical
properties, magnetic properties, and the like. In addition,
medical devices can be implanted that perform one or more
therapeutic functions, such as drug delivery, cardiac pacing,
defibrillation, electrical stimulation, and the like.

In many cases, the implanted medical devices (“IMDs”)
are configured or adapted to communicate with external con-
trollers or programmers, for example, to communicate data
between the IMD and the external programmers, and/or to
activate or otherwise control the IMDs. Typically, the IMDs
can communicate with the external programmers via a wire-
less communication link, such as an RF communication link,
or the like.

As mentioned above, IMDs can be configured to measure
or sense a number of different parameters in the body. One
parameter of particular interest is blood pressure. The
implantable biosensors that measure pressure deep within
anatomical structures, however, typically can only commu-
nicate the absolute pressure associated with the immediate
anatomical environment. These devices are not capable of
communicating gauge pressure because they are confined and
sealed away from the ambient pressure external the body. In
most cases, it is gauge pressure and not absolute pressure that
is sought to be known, since the body regulates its activities
based on the ambient pressure. Gauge pressure may be deter-
mined by correlating the absolute pressure with the ambient
pressure. Similar situations exist for other parameters, as
well, such as temperature.

Thus, a need exists for systems, methods, and/or devices
for adjusting measured physiologic parameters, such as pres-
sure, temperature and others, based on ambient or other envi-
ronmental conditions.

SUMMARY

One embodiment of the present invention relates to a sys-
tem for deriving physiologic measurement values that are
relative to ambient conditions. In one embodiment, the sys-
tem comprises an implantable medical device (“IMD”), an
external computing device, and a backend computing system.
The IMD determines a physiologic parameter value within a
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patient’s body, and communicates the physiologic parameter
value outside the patient’s body, for example, to the external
computing device. Further, the external computing device
receives the physiologic parameter from the IMD and com-
municates it to the backend computing system. The backend
computing system receives the physiologic parameter value
and obtains an ambient condition value outside the body. The
backend computing system then calculates a relative physi-
ologic parameter value from the ambient condition value and
the physiologic parameter value, and in some embodiments,
stores the relative physiologic parameter value in a storage
location, such as a memory or database.

In one embodiment, the physiologic parameter value and/
or the ambient condition value can be marked with a time
stamp. Thus, because time stamps are used, the backend
computing system can select an ambient condition value that
is obtained or measured at a time reasonably close to the time
when the physiologic parameter value is measured to calcu-
late the relative physiologic parameter value.

Further, in another embodiment, the backend computing
system can communicate the relative physiologic parameter
value to the external computing device, which also can com-
municate the relative physiologic parameter value to the
IMD. The IMD then can receive the relative physiologic
parameter value and store it in a memory.

In some embodiments, the backend computing system can
be a database accessible by one or more health care providers.
Thus, the one or more health care providers can obtain the
relative physiologic parameter value from the database and
use the relative physiologic parameter value to provide a
service to the patient, such as diagnosing the patient, prescrib-
ing medication to the patient, providing a therapy to the
patient, modifying one or more settings of the IMD, or the
like.

In addition, in other embodiment, the external computing
device can include a sensor for measuring the ambient con-
dition value. In this embodiment, the external computing
device communicates the ambient condition value to the
backend computing system. Further, in other embodiments,
the backend computing system can receive the ambient con-
dition value from an ambient condition source, such as an
external monitor or other source. If an external monitor is
used to obtain the ambient condition value, it can communi-
cate the ambient condition value to the external computing
device, which communicates the ambient condition value to
the backend computing system. In some embodiments, the
external monitor can be a wireless communication device
carried on or near the patient’s body. For example, the exter-
nal monitor can be a device adapted to be worn around a
patient’s body part, a device that can be connected to a belt, a
device that can be worn as a patch, a personal digital assistant
(PDA), a device that can be carried in a pocket or a personal
carry bag, a customized cell phone or pager, or any other
suitable device that can perform the functions of the external
Mmonitor.

In some embodiments, the external computing device can
be an IMD programmer, or a repeater device in communica-
tion with the backend computing system. In addition, in some
embodiments, the IMD and the external computing device
can communicate via a wireless communication connection,
such as, for example, a radio frequency communication con-
nection, an acoustic communication connection, a magnetic
field communication connection, an optical communication
connection, or any other suitable wireless communication
connection.

The IMD can be any suitable implantable medical device.
For example, in some embodiments, the IMD can be a physi-
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ologic parameter sensor, a pacemaker, a defibrillator, a bi-
ventricular pacer, a ventricular assist blood pump, a drug
delivery pump, a drug infusion device, a neurostimulating
device, an intra-ocular shunt, an intra-cranial shunt, or any
other suitable IMD. Also, the IMD can be adapted to provide
therapy to a patient. In accordance with this embodiment, the
IMD can be configured to use the relative physiologic param-
eter value to determine the proper therapy to provide to the
patient. For example, in some embodiments, the IMD can use
the relative physiologic parameter value to determine and
provide therapies, such as, cardiac pacing therapy, anti-tachy-
cardia therapy, drug delivery therapy, neurostimulation
therapy, blood pump therapy, or any other suitable therapy
provided by IMDs.

In still other embodiments, the IMD can include a proces-
sor that can be adapted to generate patient therapy informa-
tion based at least in part on the relative physiologic param-
eter value. In accordance with this embodiment, the
implantable medical device can be configured to communi-
cate the patient therapy information to the external computing
device, and the external computing device can include a
patient communication interface adapted to provide the
patient therapy information to the patient. In other embodi-
ments, the external computing device can communicate the
patient therapy information to the backend computing system
for access by one or more health care providers.

In yetanother embodiment, the backend computing system
can determine a proper therapy to provide to a patient. In the
embodiment, the backend computing system can use the rela-
tive physiologic parameter value to determine the therapy,
and it can store the therapy information for access by one or
more health care providers.

In yet other embodiments, the present invention can
include methods performed by the IMD, the external com-
puting device, and/or the backend computing system, and the
present invention can include the IMDs and/or the external
computing devices individually.

While multiple embodiments are disclosed, still other
embodiments of the present invention will become apparent
to those skilled in the art from the following detailed descrip-
tion, which shows and describes illustrative embodiments of
the invention. Accordingly, the drawings and detailed
description are to be regarded as illustrative in nature and not
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

In the Figures, similar components and/or features may
have the same reference label. Further, various components of
the same type may be distinguished by following the refer-
ence label with a second label that distinguishes among the
similar components. If only the first reference label is used in
the specification, the description is applicable to any one of
the similar components having the same first reference label
irrespective of the second reference label.

FIG. 1 is a diagram showing one embodiment of a system
of the present invention;

FIG. 2 is a block diagram showing one embodiment of an
implantable medical device;

FIG. 3 is a block diagram showing one embodiment of a
remote sensor system of an implantable medical device;

FIG. 4 is ablock diagram of one embodiment of an external
monitor; and

FIGS. 5-12 are flow charts illustrating various embodi-
ments of methods of the present invention.

While the invention is amenable to various modifications
and alternative forms, specific embodiments have been
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shown by way of example in the drawings and are described
in detail below. The intention, however, 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

The present invention relates generally to measuring physi-
ological parameters of a patient, and more particularly, to
systems, methods and devices for measuring and deriving
physiological parameters relative to various environmental
parameters. In contrast to prior art systems and methods, the
present invention utilizes a backend computing system to
obtain ambient measurement values, and then the backend
computing system use the ambient values along with the
measured physiologic parameters to calculate relative physi-
ologic parameter values.

As discussed herein, the present invention relates to sys-
tems and methods for obtaining relative physiologic param-
eter values. The physiologic parameter values obtained can be
any physiologic measurement, such as, blood pressure, tem-
perature, blood or fluid flow, strain, electrical, chemical or
magnetic properties within the body, or the like. As one
skilled in the art will appreciate, the type of measurement
being taken may determine whether the measurement will
need to be adjusted for ambient or other environmental con-
ditions that may affect the measurements within the body. For
example, it is known that ambient pressure will affect intra-
vascular blood pressure. Further, outside temperature may
affect the internal body temperature of a person or other
animal, depending, in part, on the severity of the outside
temperature. Also, other environmental conditions, such as,
altitude, humidity, electric or magnetic fields, or chemical
compositions may affect other physiologic measurements of
interest. Accordingly, the present invention can be used to
adjust any internal physiologic measurements relative to
environmental conditions, and thus, is not limited in scope to
any particular measurement. Of course, as one skilled in the
art will appreciate, adjusting measured internal blood pres-
sure relative to ambient pressure (which also can be derived
from or affected by temperature, humidity, altitude, etc.) is of
particular interest for many clinical and therapeutic applica-
tions, and the present invention is well suited to obtain relative
pressure values.

Referring now to FIG. 1, one embodiment of a system 100
for deriving relative physiologic measurement values is
shown. In accordance with the illustrated embodiment, sys-
tem 100 includes an implantable medical device (“IMD”)
102, an external monitoring device 104, an external comput-
ing device 106, and a backend computing system 108.

IMD 102 can be any type of implantable medical device
that is configured to obtain physiologic measurements of a
patient and/or provide therapy to the patient. For example,
IMD 102 can be a pacemaker, an implantable cardioverter
defibrillator (“ICD”), a cardiac resynchronization device, a
bi-ventricular pacer, a ventricular assist blood pump, a drug
delivery pump, a drug infusion device, a neurostimulating
device, an intra-ocular shunt, an intra-cranial shunt, or any
other suitable implantable device, which can obtain or mea-
sure physiologic parameter values. In the embodiment illus-
trated in FIG. 1, IMD 102 is a cardiac device, such as a
pacemaker or ICD, which has one or more leads 110 that can
include sensors or sensor circuitry 112 for obtaining physi-
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ologic measurements (e.g., blood pressure or the like) and
therapy delivery systems (also 112) for providing cardiac
therapy to the patient.

In addition, in alternative embodiments, sensors and/or
therapy delivery systems 112 can be located separate from
leads 110, and the sensor data can be transmitted to IMD 102
via other communication medium, such as a coupled commu-
nication connection, or a wireless communication connec-
tion. If a wireless communication connection is used, the
wireless connection can be a radio frequency (RF) connec-
tion, an acoustic connection (e.g., ultrasound), an optical
connection, an electric field connection, or any other suitable
communication connection. For example, in one embodi-
ment, sensors and/or therapy delivery systems 112 can be
configured in one or more satellite devices (e.g., chronically
implanted stent devices) as is disclosed in Published U.S.
Patent Application No. 2003/0158584 A1, published on Aug.
21, 2003, and entitled “Chronically-Implanted Device For
Sensing and Therapy,” the entirely of which is incorporated
by reference herein for all purposes.

In addition, in some embodiments, IMD 102 is operable to
communicate with external monitoring device 104 and exter-
nal computing device 106 via wireless connections 114 and
116, respectively. Similarly, in some embodiments, external
monitoring device 104 is operable to communicate with
external computing device 106 via wireless connection 118.
Further, in other embodiments, external monitor 104 and
external computing device 106 can be in wireless communi-
cation with sensor circuitry 112 via wireless connections 120
and 122, respectively. Each of these different embodiments
will be discussed in more detail below. Wireless connections
114, 116, 118, 120 and 122 all can be uni-directional or
bi-directional communication links, depending on the IMD
and the data being transferred. As such, IMD 102 and/or
sensor circuitry 112 can send information to and receive
information from external monitoring device 104 and exter-
nal computing device 106 via the communication connec-
tions. Similarly, external monitoring device 104 can commu-
nicate bi-directionally with external computing device 106.

Referring now to FIG. 2, one embodiment of an IMD 102
is illustrated. In accordance with the illustrated embodiment,
IMD 102 comprises a processor 202, a memory 204, commu-
nication circuitry 206, therapy circuitry 208 and sensor cir-
cuitry 210. Memory 204, communication circuitry 206,
therapy circuitry 208 and sensor circuitry 210 all are in elec-
trical communication with processor 202, as is illustrated by
arrows 212.

As one skilled in the art will appreciate, processors and
memory devices are well known in the art, and the specific
type and/or style of processor or memory device that can be
used in IMD 102 is not limited. Accordingly, processor 202
can be any suitable processing device currently known or
hereinafter developed, and memory device 204 can be any
suitable memory device currently known or hereinafter
developed.

Communication circuitry 206 is circuitry that allows IMD
102 to communicate with other devices, such as external
computing device 106, external monitoring device 104, other
IMDs, or other external devices. As discussed above, IMD
102 communicates with other devices via a wireless connec-
tion. The wireless connection can be, for example, a near field
radio frequency (RF) communication connection, a far field
RF communication connection, an acoustic communication
connection (e.g., an ultrasound connection), an optical com-
munication connection, or any other suitable wireless com-
munication connection.
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In one embodiment, communication circuitry 206 can
include circuitry for both near field RF telemetry and far field
RF telemetry. For example, one embodiment of communica-
tion circuitry that can be used in IMD 102 is disclosed in
Published U.S. Patent App. No. US 2003/0114897 A1, pub-
lished on Jun. 19, 2003, and entitled “Implantable Medical
Device with Two or More Telemetry Systems,” and Published
U.S. Patent App. No. U.S. 2003/0114898 A1, published on
Jun. 19, 2003, and entitled “Telemetry Duty Cycle Manage-
ment System for an Implantable Medical Device,” both of
which are incorporated by reference herein for all purposes.

In addition, in other embodiments, power saving wireless
communication circuitry and methods can be used. For
example, the IMD communication circuitry 206 can be con-
figured to reside in a power-saving, sleep mode for a majority
of the time. In accordance with this embodiment, communi-
cation circuitry 206 can be configured to “wake-up” on a
periodic basis to communicate with an external device. Upon
“wake-up” the external device will monitor for RF activity,
and if the external device locates it, communication between
the IMD and the external device can be initiated. There are a
number of different ways IMD power-saving modes can be
implemented, and the present invention is not limited to any
particular one. Indeed, the aforementioned Published U.S.
Patent App. Nos. US 2003/0114897 Al and US 2003/
0114898 A1 disclose different ways of implementing IMD
power-saving modes, which, as discussed above, are incor-
porated herein by reference for all purposes. In addition,
additional power management systems and methods are dis-
closed in Published U.S. Patent App. No. US 2003/0149459
Al, published on Aug. 7, 2003, and entitled “Methods and
Apparatuses for Implantable Medical Device Telemetry
Power Management,” the entirety of which is incorporated by
reference herein for all purposes.

Further, in accordance with other embodiments, commu-
nication circuitry 206 can be configured to communicate with
an intermediary telemetry device, which, in turn, can facili-
tate communication with the external monitoring device 104
and/or external computing device 106. One example of this
type of configuration is disclosed in Published U.S. Patent
App. No. US 2003/0130708, published on Jul. 10, 2003, and
entitled “Two-Hop Telemetry Interface for Medical Device,”
the entirety of which is incorporated by reference herein for
all purposes. In addition, other configurations for RF telem-
etry are known, and communication circuitry 206 can
embody those configurations, as well. Thus, as one skilled in
the art will appreciate, communication circuitry 206 is not
limited by any particular configuration or communication
means.

Therapy circuitry 208 comprises circuitry for providing
one or more therapeutic functions to a patient. For example,
therapy circuitry 208 can include circuitry for providing heart
pacing therapy, cardiac defibrillation therapy, cardiac resyn-
chronization therapy, drug delivery therapy, or any other
therapy associated with a suitable IMD. In the case of cardiac
therapy (e.g., pacing, defibrillation, etc.), therapy circuitry
208 can include cardiac leads for delivering the therapy to
particular locations in the heart. In other embodiments, the
therapy circuitry and/or therapy delivery mechanisms can
reside in a satellite device wirelessly coupled to the IMD body
102, as discussed below.

Finally, sensor circuitry 210 comprises the sensors and
circuitry needed to obtain or measure the physiologic param-
eters. For example, to obtain a blood pressure (e.g., intravas-
cular or intracardiac blood pressure), sensor circuitry 210
comprises one or more pressure sensors and associated cir-
cuitry for recording the pressure accurately. Pressure sensors
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and the associated circuitry are well known in the art, and
therefore, will not be disclosed in detail herein. In addition, in
other embodiments, sensor circuitry 210 can be configured to
obtain other physiologic parameters, such as temperature,
electrical impedance, position, strain, pH, fluid flow, blood
oxygen levels, and the like. In these cases, sensor circuitry
210 will include suitable bio-sensors for obtaining the corre-
sponding physiologic parameters.

Also, as one skilled in the art will appreciate, the sensors
and/or sensor circuitry can be, and many times are, electri-
cally coupled to IMD 102, but placed remotely from the IMD;
e.g., at the end of a lead or in a satellite device in wireless
communication with IMD 102. FIG. 1 illustrates an embodi-
ment in which the sensors and/or therapy delivery mecha-
nisms 112 are connected to IMD 102 via leads 110.

In an alternative embodiment, IMD 102 can comprise a
planet/satellite configuration, in which the satellite portion of
the IMD includes sensor and/or therapy delivery circuits and
mechanisms. Such a configuration is disclosed in Published
U.S. Patent Application No. US 2003/0158584 A1, published
on Aug. 21, 2003, and entitled “Chronically-Implanted
Device for Sensing and Therapy,” the entirety of which is
incorporated herein by reference for all purposes. In this
system, the planet or main body of the IMD communicates
with one or more satellite sensor/therapy devices either by an
electrical wire connection or wirelessly. In some embodi-
ments, the planet or main body can command each satellite to
provide sensing functions and therapy functions, such as
delivering cardiac electrical pulses, drug delivery, or other
functions, as discussed above. In other embodiments, the
satellite devices can function autonomously, and then com-
municate with the planet device at their own direction, at the
planet’s direction, or at timed intervals. The relationships
between the planet device and the satellite device(s) are dis-
cussed in more detail in the incorporated reference.

In accordance with one embodiment of the invention, the
satellite sensor/therapy devices can be configured as stent-
like, intravenous, chronically-implanted devices. The con-
figuration of embodiments of stent-like devices is disclosed in
more detail in the incorporated Published U.S. Patent Appli-
cationNo. US 2003/0158584. FIG. 3, however, illustrates one
embodiment of sensing and/or therapy circuitry 300 of a
satellite device. In accordance with the illustrated embodi-
ment, the circuitry 300 comprises a pair of electrodes 302, a
stimulus storage unit 304, a sensing amplifier and comparator
logic 306, a sense event state storage and interface 308, a data
processor 310, a transceiver 312, an antenna 314, a pump-
rectifier 316, and a pump-regulator 318. According to various
embodiments, the satellite is designed for mechanical, elec-
trical and/or chemical sensing, and for mechanical, electrical
and/or drug-eluting therapies.

The operation of circuitry 300 is described in greater detail
in the incorporated Published U.S. Patent Application No. US
2003/0158584. However, in accordance with one embodi-
ment, antenna 314 and transceiver 312 can be configured to
communicate with the planet or main body of the IMD 102,
with external monitor 104, or with external computing device
106. Such communication connections can be RF connec-
tions, acoustic connections (e.g., ultrasound), optical connec-
tions, or other suitable communication connections. In addi-
tion, antenna 314 and transceiver 312 can be configured to
communicate with the multiple devices using one or more
different connection types.

As discussed in more detail below, in some embodiments,
sensor/therapy circuitry 300 is operable to receive ambient
condition values, for example, from the main body of the
IMD 102, external monitor 104 or external computing device
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106 and calculate a relative physiologic parameter value
using the ambient condition value. In accordance with these
embodiments of the invention, data processor 310 can be
configured to calculate the relative physiologic parameter
values using measured values and the received ambient con-
dition values. In addition, data processor 310 is operable to
format data received by circuitry 300, as well as format data
being transmitted by the satellite device. Again, a more com-
plete description of the operation and configuration of the
satellite device and associated circuitry is set forth in the
incorporated reference.

Referring again to FIG. 1, external monitoring device 104
comprises a device that is adapted to obtain an ambient con-
dition value or other environmental condition value outside
the body that can affect the measured physiologic parameter
value, and then, in some embodiments, calculate a relative
physiologic parameter value using the measured physiologic
parameter value and the ambient condition value. For
example, as discussed in more detail below, when determin-
ing intravascular blood pressure, external monitoring device
104 can calculate a gauge blood pressure by adjusting the
measured blood pressure value with an atmospheric or baro-
metric pressure value.

External monitoring device 104 can comprise any type of
processor-based device that can be carried on or near a
patient’s body. For example, external monitoring device 104
can be a device that is adapted to worn around a part of a
patient’s body, such as a wrist watch, a device connected to a
belt, or some other device adapted to be worn around an ankle,
leg, arm, neck, chest, stomach, etc. In addition, in other
embodiments, external monitoring device can be acomputing
device worn as a patch, or a computing device that can be
carried in a pocket, on a belt clip, or in a personal carry bag,
such as a PDA, or a customized cellular phone or pager. One
skilled in the art will appreciate that other device can be used
as well.

Referring now to FIG. 4, one embodiment of an external
monitoring device 104 is shown. In the illustrated embodi-
ment, external monitoring device 104 comprises a processor
402, a memory 404, communication circuitry 406 and a
patient interface 408. Memory 404, communication circuitry
406, and patient interface 408 all are in electrical communi-
cation with processor 402, as is illustrated by arrows 412.

As one skilled in the art will appreciate, and as discussed
above with reference to IMD 102, processors and memory
devices are well known in the art, and the specific type and/or
style of processor or memory device that can be used in
external monitoring device 104 is not limited. Accordingly,
processor 402 can be any suitable processing device currently
known or hereinafter developed, and memory device 404 can
be any suitable memory device currently known or hereinaf-
ter developed. In addition, communication circuitry 406 is
circuitry that allows external monitoring device 104 to com-
municate with IMD 102 and other devices, such as external
computing device 106, and/or sensor/therapy circuitry 112.
Thus, if IMD 102 and the other devices are communicating
via an RF connection, communication circuitry 406 com-
prises RF communication circuitry, as well. Similarly, if opti-
cal or acoustic communication connections are used, com-
munication circuitry 406 is adapted to facilitate such
connections. Further, in some embodiments, IMD 102 might
be communicating with external monitor 104 via one type of
communication connection, while other devices, such as
external computing device 106 or sensor/therapy circuitry
112 might be communicating with external monitor 104 via
other types of connections. Thus, communication circuitry
406 can be any circuitry adapted to facilitate the communi-
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cations with IMD 102, external computing device 106, and
sensot/therapy circuitry 112, and communication circuitry
406 can facilitate multiple types of communications at the
same time. As one skilled in the art will appreciate, such
circuitry is known in the art, and therefore, will not be dis-
cussed in detail herein.

In one embodiment, external monitoring device 104 also
can include a patient interface 408 adapted to communicate
information, such as therapy or diagnostic information, to the
patient. In accordance with this embodiment, patient inter-
face 408 may comprise a visually readable screen that allows
the patient to read information, an audible or sound interface
that can broadcast or transmit audible or sound information to
the patient, or some other communication means.

Finally, referring again to FIG. 1, external computing
device 106 can be any suitable computing device adapted to
communicate with IMD 102, external monitoring device 104,
and/or sensor/therapy circuitry 112, and process data from
those devices. For example, in the case of a cardiac rhythm
management (“CRM”) IMD (e.g., pacemaker, ICD, etc.),
external computing device 106 might be a programmer used
by physicians, specialists, or other health care providers to
extract data from the cardiac IMDs. Programmers are well
known in the art. In addition, in other embodiments, external
computing device 106 can be a repeater device associate with
a patient. Examples of one or more repeater-type devices are
disclosed in U.S. Pat. No. 6,607,485, issued on Aug. 9, 2003,
and entitled “Computer Readable Storage Medium Contain-
ing Code for Automated Collection and Analysis of Patient
Information Retrieved from an Implantable Medical Device
for Remote Patient Care,” the entirety of which is incorpo-
rated by reference herein for all purposes. In still other
embodiments, external computing device 106 can be any
other computing device for receiving, processing and/or stor-
ing medical data, including a workstation or appliance on a
network, a server on a network, or a computer network as a
whole. The present invention is not limited to any particular
type of computing device.

Backend computing system 108 can be any type of com-
puting system. In one embodiment, backend computing sys-
tem is a networked system with a database operable to receive
information regarding patients and their IMDs. The informa-
tion then can be accessed by third parties, such as physicians,
specialists, IMD manufacturers, insurance companies, phar-
maceutical companies, or any other health care provider. As
discussed in more detail below, backend computing system
108 can be configured to receive relative physiologic param-
eter values for patients and IMDs, other IMD information,
and/or patient therapy information. In addition, backend
computing system 108 can be configured to receive physi-
ologic measurements and calculate relative measurements
using ambient condition values. Further, backend computing
system can determine patient therapy information based on
data received from IMD 102, external monitor 104, and/or
external computing device 106. Examples of embodiments of
a one or more backend computing systems that can be used
with the present invention are disclosed in U.S. Pat. No.
6,607,485 discussed above, and U.S. patent application Ser.
No. 10/789,964, filed on Feb. 27, 2004, and entitled “Systems
and Methods for Automatically Collecting, Formatting and
Storing Medical Device Data in a Database,” both of which
are incorporated by reference herein for all purposes.

Referring now to FIG. 5, flow chart 500 illustrates a method
for obtaining and using relative physiologic parameter values
in accordance with one embodiment of the present invention.
In accordance with the method illustrated in flow chart 500,
an IMD (e.g., IMD 102 in FIG. 1) determines an absolute
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physiologic parameter value (block 502). As discussed above,
the physiologic parameter values obtained can be any physi-
ologic measurement, such as, blood pressure, temperature,
blood or fluid flow, strain, electrical, chemical or magnetic
properties within the body, or the like. In one particular
embodiment, the physiologic parameter value obtained is
blood pressure (e.g., intravascular or intracardiac blood pres-
sure), and one or more pressure sensors are used to obtain the
absolute blood pressure value. As one skilled in the art will
appreciate, the absolute pressure measured by a pressure sen-
sor typically is not a true absolute pressure. The measured
pressure typically is adjusted for internal temperatures and/or
abuilt-in backing pressure and/or temperature coefficients of
the pressure sensor. Thus, an absolute blood pressure value
can be calculated according to the following formula:

P 18p=Prpp—Pre /:T Blood) Where:

Pz 1s the absolute blood pressure;

M- is the measured blood pressure; and

Pr. s (Tpioa) 15 the sensor reference/backing pressure,

which is a function of blood temperature (Tj,,,.)-

As one skilled in the art will appreciate, most pressure
sensors are configured to perform these adjustments auto-
matically, and thus, special processing within the IMD typi-
cally is not needed to obtain the absolute blood pressure
value.

After the IMD obtains the absolute physiologic parameter
(e.g., absolute blood pressure), the IMD communicates the
absolute physiologic parameter value to an external monitor
(e.g., external monitor 104 in FIG. 1) (block 504). In one
embodiment, the IMD and the external monitor can imple-
ment a data transmission check (e.g., a cyclic redundancy
code (“CRC”) check) to ensure the data is transmitted prop-
erly.

The external monitor receives the absolute physiologic
parameter value and obtains an ambient condition value
(block 506). In some embodiments, the external monitor can
obtain the ambient condition value either prior to or after
receiving the absolute physiologic parameter value. In one
embodiment, the external monitor includes a sensor for mea-
suring the ambient condition value. Alternatively, in another
embodiment, the external monitor could receive the ambient
condition value from another source, such as another com-
puting device in communication with the external monitor,
the Internet, or some other source. The means by which the
external monitor obtains the ambient condition value is not
critical, and thus, the present invention is not limited to any
particular method or system for obtaining the ambient con-
dition value.

In some embodiments, the step of determining the absolute
physiologic parameter value and the step of obtaining the
ambient condition value may not occur at the same time or
even close to the same time. For example, the external moni-
tor may only measure or obtain the ambient condition value a
few times a day, or there may be a delay between when the
external monitor receives the ambient condition value and the
absolute physiologic parameter value. As one skilled in the art
will appreciate, ambient condition values can change rela-
tively quickly, and thus, if an ambient condition value is not
obtained at a time relatively close to when the absolute physi-
ologic parameter value is obtained, the calculated relative
value may be inaccurate. Therefore, the absolute physiologic
parameter value and/or the ambient condition value can
include a time stamp, so that values measured or obtained at
about the same time can be used to calculate the relative
physiologic parameter value. In some embodiments, if there
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is a gap between when ambient condition values are measured
or obtained, averaged or prorated ambient values can be used.

As discussed above, in one embodiment, the systems and
methods of the present invention can be used to obtain blood
pressure. In accordance with this embodiment, the ambient
condition value is atmospheric or barometric pressure (and/or
other parameters, such as temperature, humidity, altitude, etc.
that can affect barometric pressure), which can be measured
by one or more sensors in the external monitor, or which can
be passed to the external monitor from an outside source. As
with the pressure sensor associated with the IMD, a pressure
sensor in the external monitor also typically is adjusted for
temperature and a built-in backing pressure. Thus, in one
embodiment, the atmospheric pressure obtained by the extet-
nal monitor can be calculated according to the following
formula:

PATM:PMAIM_PATMRef(:TATM) where:

P, is the adjusted atmospheric pressure;

P, 41ar 18 the measured atmospheric pressure; and

Pi7as ze AT4ms) 18 the sensor reference/backing pressure,

whichisa function of the temperature where the external
monitor is placed (T 7).

As discussed above, most pressure sensors are configured
to perform these adjustments automatically, and thus, special
processing within the external monitor typically is not needed
to obtain the adjusted atmospheric pressure.

After the external monitor obtains the ambient condition
value and the absolute physiologic parameter value, the exter-
nal monitor calculates a relative physiologic parameter value
(block 508). For example, for intravascular blood pressure, a
gauge blood pressure can be calculated by subtracting the
atmospheric pressure from the absolute pressure value. When
pressure sensor adjustments are taken into account, the fol-
lowing formula will apply:

P Gauge:(P 'mpr—Fre. j(T Blood))~ Prsarar
PAB[RE/(TATM))'

In other embodiments, the relative physiologic parameter
values can be calculated using other mathematical operations
or models. For example, in one embodiment, some vascular
abnormalities, which can be precursors to some cardiac prob-
lems, can be diagnosed by measuring physiologic parameters
in two or more locations within the body, using two or more
separate sensors. The data from the multiple sensors then
might undergo mathematical manipulation, which then can
be reconciled with the external ambient condition measure-
ments. Thus, the present invention is not limited to a pure
subtraction operation. Further, as one skilled in the art will
appreciate, the calculations needed to obtain relative physi-
ologic parameter values from other types of physioclogic mea-
surements (e.g., temperature, pH, etc.) may be different
depending on the measurements being taken. Also, as dis-
cussed briefly above, if the physiologic parameter value and/
or the ambient condition value include time stamps, the exter-
nal monitor will values that are similar in time (or averaged or
prorated values), so that the relative value is accurate.

In one embodiment, after the external monitor calculates
the relative physiologic parameter value, it communicates the
relative value to the IMD (block 510), which, in turn, stores
the relative physiologic parameter value in a memory (block
512). Again, the IMD and the external monitor can implement
adata transmission check, such as a CRC check, to ensure the
data is transmitted properly. After the relative physiologic
parameter value is stored in the IMD memory, the IMD and/or
the external monitor can perform a number of different opera-
tions with the relative value. This is illustrated by continua-
tion block 514 in FIG. 5.
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Referring now to FIGS. 6a-6d, additional embodiments of
the present invention will be described with reference to flow
charts 600, 610, 620 and 630, respectively. In FIGS. 6a-64,
continuation blocks 602, 612, 622 and 632 are continuations
from block 514 in FIG. 5. Thus, in accordance with the
embodiment illustrated in FIG. 5a, after the IMD stores the
relative physiologic parameter value in memory, the IMD can
be configured to communicate the relative physiologic
parameter value to an external computing device, such as
external computing device 106 discussed above with refer-
ence to FIG. 1 (block 604). For example, in the case in which
the IMD is a CRM device, such as a pacemaker or an ICD, the
IMD can communicate the relative physiologic measure-
ments to an external programmer or repeater device along
with other IMD data, which is well known. A physician or
other health care provider can analyze the relative physi-
ologic measurements to determine trends and provide diag-
nosis and treatment based on those trends. In addition, the
data can be uploaded to one or more backend systems (e.g.,
backend system 108) for later processing, access, and/or
analysis by one or more health care providers, such as phy-
sicians, specialists, IMD manufacturers, insurance compa-
nies, pharmaceutical companies, or any other suitable health
care provider (block 606).

Referring now to FIG. 65, in this particular embodiment,
the IMD can be configured to calculate or determine a therapy
based on the relative physiologic parameter value (block
614), and then administer the therapy to the patient (block
616). For example, if the IMD is a cardiac pacemaker, the
pacemaker may be configured to change pacing modes or
parameters based on the obtained relative physiologic value.
Similarly, if the IMD is a drug delivery device, the device
might deliver a drug dosage when certain relative physiologic
parameter values are measured. As one skilled in the art will
appreciate, the type of therapy administered to the patient will
be dependent upon the type of IMD used and the physiologic
measurements taken. Thus, as discussed above, the present
invention is not limited to any particular IMD or therapy
system.

Referring now to FIG. 6¢, in this particular embodiment,
the IMD can be configured to calculate or determine a therapy
or therapy information based on the relative physiologic
parameter value (block 624). The IMD then is configured to
communicate the therapy information to the external monitor
(e.g., external monitor 104) (block 626), which in turn can be
configured to provide or communicate the therapy informa-
tion to the patient (block 628). For example, in the case of a
CRM IMD, which is configured to detect blood pressure,
when the IMD detects a consistent rise in blood pressure for
acongestive heart failure patient, the IMD can be configure to
communicate information to the patient on how to deal with
the situation. For example, the IMD might communicate a
message to the external monitor, instructing the patient to
change a medication dosage, or perhaps take a medication. As
discussed above, the external monitor can include a commu-
nication interface, such as a visual screen or audible interface,
to communicate the information to the patient.

Referring now to FIG. 64, in this particular embodiment,
the IMD again can be configured to calculate or determine a
therapy or therapy information based on the relative physi-
ologic parameter value (block 634). Then, instead of, or in
addition to administering the therapy to the patient, the IMD
is configured to communicate the therapy information to an
external computing device, such as computing device 106
(block 636). A physician or other health care provider then
can analyze the therapy information and provide it to the
patient if the physician determines that it is appropriate, or the
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physician can provide different or additional therapy to the
patient if the physician determines that an alternative therapy
would be better. In addition, the therapy information can be
uploaded to a backend computing system (e.g., backend com-
puting system 108) for later processing, access and/or analy-
sis.

In an alternative embodiment, instead of the external moni-
tor communicating the relative physiologic parameter value
to the IMD, it can be configured to communicate the relative
physiologic parameter value to the external computing device
without first communicating it to the IMD. The external com-
puting device then can communicate it to a backend comput-
ing system, or it can display it to the patient or another health
care provider. In addition, instead of the IMD determining the
therapy information, the external monitor or the external
computing device can be configured to determine the therapy
information based on, in part, the calculated relative physi-
ologic parameter value. In this embodiment, the processor
within the external monitor or the external computing device
will include the therapy logic, not the processor within the
IMD. In addition, as one skilled in the art will appreciate, the
therapy and/or diagnosis information that the IMD, the exter-
nal monitor, and/or the external computing device provide to
the patient will depend upon the type of IMD and the type of
physiologic parameters being measured. As discussed above,
the present invention is not limited to any particular IMD or
physiologic parameter value measurement.

Referring now to FIG. 7, an alternative embodiment of a
method of deriving and using relative physiologic parameter
values is shown. In accordance with the method illustrated in
flow chart 700, an IMD (e.g., IMD 102 in FIG. 1) determines
an absolute physiologic parameter value (block 702). As dis-
cussed above, the physiologic parameter values obtained can
be any physiologic measurement, such as, blood pressure,
temperature, blood or fluid flow, strain, electrical, chemical or
magnetic properties within the body, or the like. In one par-
ticular embodiment, the physiologic parameter value
obtained is blood pressure (e.g., intravascular or intracardiac
blood pressure), and one or more pressure sensors are used to
obtain the absolute blood pressure value. As discussed above,
the absolute pressure measured by a pressure sensor can be
adjusted for internal temperatures and/or a built-in backing
pressure and/or temperature coefficients of the pressure sen-
SOf.

After the IMD obtains the absolute physiologic parameter
(e.g., absolute blood pressure), the IMD communicates the
absolute physiologic parameter value to an external comput-
ing device (e.g., external computing device 106 in FIG. 1)
(block 704). In one embodiment, the IMD and the external
computing device can implement a data transmission check
(e.g., a cyclic redundancy code (“CRC”) check) to ensure the
data is transmitted properly.

The external computing device receives the absolute physi-
ologic parameter value and obtains an ambient condition
value (block 706). In one embodiment, the external comput-
ing device includes one or more sensors for measuring the
ambient condition value. Alternatively, in another embodi-
ment, the external computing device can receive the ambient
condition value from another source, such as another com-
puting device in communication with the external computing
device, the Internet, or some other source. For example, as
discussed above, an external monitor (e.g., external monitor
104 in FIG. 1) can include a sensor for measuring the ambient
condition value, and the external monitor can pass the ambi-
ent condition value to the external computing device via a
wired or wireless communication connection. The means by
which the external computing device obtains the ambient
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condition value is not critical, and thus, the present invention
is not limited to any particular method or system for obtaining
the ambient condition value.

In one embodiment, the systems and methods of the
present invention can be used to obtain blood pressure. In
accordance with this embodiment, the ambient condition
value is atmospheric or barometric pressure, which can be
measured by one or more sensors in the external computing
device, or which can be passed to the external computing
device from an outside source (e.g., from an external moni-
tor). As with the pressure sensor associated with the IMD, a
pressure sensor in the external computing device or the exter-
nal monitor also typically is adjusted for temperature and a
built-in backing pressure. As mentioned above, most pressure
sensors are configured to perform these adjustments auto-
matically, and thus, special processing within the external
computing device or the external monitor typically is not
needed to obtain the adjusted atmospheric pressure.

After the external computing device obtains the ambient
condition value, the external computing device calculates a
relative physiologic parameter value (block 708). In one
embodiment, for blood pressure, a gauge blood pressure can
be calculated by subtracting the atmospheric pressure from
the absolute pressure value, or as discussed above, other
mathematical calculations can be used. In addition, the cal-
culations needed to obtain relative physiologic parameter
values from other types of physiologic measurements (e.g.,
temperature, pH, etc.) may be different depending on the
measurements being taken. Further, as discussed above, the
physiologic parameter value and/or the ambient condition
value can include time stamps, so that the relative physiologic
parameter value is calculated using values that are similar in
time.

In one embodiment, after the external computing device
calculates the relative physiologic parameter value, it com-
municates the relative value to a backend computing system
(e.g., backend computing system 108 in FIG. 1) (block 710).
Further, the external computing device can display or provide
the relative physiologic measurement values to a health care
provider or other entity for review. For example, in the case in
which the IMD is a CRM device, such as a pacemaker or an
ICD, the external computing device might be an external
programmer with print-out or display capabilities. Thus, a
physician or other health care provider can view and analyze
the relative physiologic measurements to determine trends
and provide diagnosis and treatment based on those trends.

After the relative physiologic parameter value is commu-
nicated to the backend computing system, additional process-
ing can occur in a number of different devices in the system.
This is illustrated by continuation block 712 in FIG. 7.

Referring now to FIGS. 8a-8d, additional embodiments of
the present invention will be described with reference to flow
charts 800, 810, 820 and 830, respectively. In FIGS. 8a-85,
continuation blocks 802 and 812 are continuations from
block 712 in FIG. 7. Thus, in accordance with the embodi-
ment illustrated in FIG. 8a, after the external computing
device communicates the relative physiologic parameter
value to the backend computing system, the backend com-
puting system stores the relative physiologic parameter val-
ues, for example, in a database (block 804). The data then can
be madeavailable for later processing, access, and/or analysis
by one or more health care providers, such as physicians,
specialists, IMD manufacturers, insurance companies, phar-
maceutical companies, or any other suitable health care pro-
vider (block 806).

As illustrated by flow chart 810 in FIG. 8, the external
computing device also can communicate the relative physi-
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ologic parameter value to the IMD (block 814), which then
stores the relative physiologic parameter value in memory
(block 816). When the IMD receives the relative physiologic
parameter value, the IMD then can use the value for addi-
tional processing, as illustrated by continuation block 818.
Continuation blocks 822 and 832 in FIGS. 8¢ and 84, respec-
tively, continue from block 818. Also, even though the draw-
ings illustrate that the relative physiologic parameter value is
communicated to the backend computing system and then to
the IMD, the present invention is not limited to this embodi-
ment. In some embodiments, the external computing device
can display the relative physiologic parameter value to a
physician or other user, or it can determine therapy informa-
tion using the relative physiologic parameter value without
first communicating the relative value to the backend com-
puting system. Further, the external computing device can
communicate the relative physiologic parameter value to the
IMD without first communicating it to the backend comput-
ing system. Thus, as one skilled in the art will appreciate, the
present invention is not limited to the illustrated embodi-
ments.

Referring now to FIG. 8¢, in this particular embodiment,
the IMD can be configured to calculate or determine a therapy
based on the relative physiologic parameter value (block
824). In one embodiment, the IMD can be configured to
administer the therapy to the patient (block 826), as discussed
above.

Referring now to FIG. 84, in this particular embodiment,
the IMD again can be configured to calculate or determine a
therapy or therapy information based on the relative physi-
ologic parameter value (block 834). Then, instead of, or in
addition to administering the therapy to the patient, the IMD
is configured to communicate the therapy information to the
external computing device (e.g., external computing device
106), or alternatively, the external monitor (e.g., external
monitor 104) (block 836). In one embodiment, the external
computing device (and/or external monitor) can be config-
ured to provide or communicate the therapy information to
the patient via a user or patient interface, as discussed above
(block 838).

In an alternative embodiment, after the external computing
device (or external monitor) receives the therapy information
from the IMD, a physician or other health care provider then
can analyze the therapy information and provide it to the
patient ifthe physician determines that itis appropriate, or the
physician could provide different or additional therapy to the
patient if the physician determines that an alternative therapy
would be better. In addition, the therapy information can be
uploaded to a backend computing system (e.g., backend com-
puting system 108) (block 840) for later processing, access
and/or analysis. Also, instead of the IMD determining the
therapy information, the external computing device, the
external monitor, and/or the backend computing system can
be configured to determine the therapy information based on
the relative physiologic parameter value. The present inven-
tion is not limited to the IMD determining the therapy.

Referring now to FIG. 9, yet another embodiment of a
method of deriving and using relative physiologic parameter
values is shown. In accordance with the method illustrated in
flow chart 900, an IMD (e.g., IMD 102 in FIG. 1) determines
an absolute physiologic parameter value (block 902). As dis-
cussed above, the physiologic parameter values obtained can
be any physiologic measurement, such as, blood pressure,
temperature, blood or fluid flow, strain, electrical, chemical or
magnetic properties within the body, or the like.

After the IMD obtains the absolute physiologic parameter
(e.g., absolute blood pressure), the IMD communicates the
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absolute physiologic parameter value to an external comput-
ing device (e.g., external computing device 106 in FIG. 1)
(block 904). Again, the IMD and the external computing
device canimplement a data transmission check (e.g., acyclic
redundancy code (“CRC”) check) to ensure the data is trans-
mitted properly.

The external computing device receives the absolute physi-
ologic parameter value and communicates it to a backend
computing system (e.g., backend computing system 108 in
FIG. 1) (block 906). The backend computing then obtains an
ambient condition value (block 908), for example, from the
external computing device or from an external monitor, as
discussed above. Alternatively, the backend computing sys-
tem can receive the ambient condition value from another
source, such as another computing device in communication
with the backend computing system, the Internet, or some
other source. The means by which the backend computing
system obtains the ambient condition value is not critical, and
thus, the present invention is not limited to any particular
method or system for obtaining the ambient condition value.
Also, as one skilled in the art will appreciate, backend com-
puting system can obtain the ambient condition value prior to
receiving the absolute physiologic parameter value. In addi-
tion, as discussed above, the physiologic parameter value
and/or the ambient condition value can include time stamps,
so that the relative physiologic parameter value is calculated
using values that are similar in time.

After the backend computing system obtains the ambient
condition value and the absolute physiologic parameter
value, the backend computing system calculates a relative
physiologic parameter value (block 910), and then the back-
end computing system stores the relative physiologic param-
eter value, for example, in a database or other similar storage
area (block 912). The data then can be made available for later
processing, access, and/or analysis by one or more health care
providers, such as physicians, specialists, IMD manufactur-
ers, insurance companies, pharmaceutical companies, or any
other suitable health care provider.

After the relative physiologic parameter value is calculated
at the backend computing system, additional processing can
occur in a number of different devices in the system. This is
illustrated by continuation block 914 in FIG. 9.

Referring now to FIGS. 10a-104, additional embodiments
of the present invention will be described with reference to
flow charts 1000,1010, 1020 and 1030, respectively. In FIGS.
10a-105, continuation blocks 1002 and 1032 are continua-
tions from block 914 in FIG. 9. Thus, in accordance with the
embodiment illustrated in FIG. 10q, after the backend com-
puting system calculates the relative physiologic parameter
value, it communicates the relative physiologic parameter
value to the external computing device. As discussed above,
the external computing device then can display or provide the
relative physiologic measurement values to a health care pro-
vider or other entity for review.

In addition, as illustrated by flow chart 1000 in FIG. 10q,
the external computing device also can communicate the
relative physiologic parameter value to the IMD (block
1006), which then can store the relative physiologic param-
eter value, for example, in a memory. When the IMD receives
the relative physiologic parameter value, the IMD then can
use the value for additional processing, as illustrated by con-
tinuation block 1008. Continuation blocks 1012 and 1022 in
FIGS. 105 and 10c¢, respectively, continue from block 1008.

Referring now to FIG. 10, in this particular embodiment,
the IMD can be configured to calculate or determine a therapy
based on the relative physiologic parameter value (block
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1014). As discussed above, the IMD can be configured to
administer the therapy to the patient (block 1016).

In an alternative embodiment illustrated in FIG. 10c, the
IMD again can be configured to calculate or determine a
therapy or therapy information based on the relative physi-
ologic parameter value (block 1024), but instead of, or in
addition to administering the therapy to the patient, the IMD
is configured to communicate the therapy information to the
external computing device or external monitor (block 1026),
which can be configured to provide or communicate the
therapy information to the patient (block 1028).

Further, as discussed above, after the external computing
device (and/or the external monitor) receives the therapy
information from the IMD, a physician or other health care
provider then can analyze the therapy information and pro-
vide it to the patient if the physician determines that it is
appropriate, or the physician could provide different or addi-
tional therapy to the patient if the physician determines that an
alternative therapy would be better. The therapy information
also can be uploaded to a backend computing system (e.g.,
backend computing system 108) (block 1029) for later pro-
cessing, access and/or analysis. In addition, in an alternative
embodiment, instead of the IMD determining the therapy
information, the external computing device and/or the exter-
nal monitor can be configured to calculate or determine the
therapy information.

Referring now to FIG. 104, flowchart 1030 illustrates
another embodiment of the present invention. In accordance
with this particular embodiment, after the backend comput-
ing system calculates the relative physiologic parameter
value, the backend computing system then can use that value
to determine a therapy or therapy information for the patient
(block 1034). The backend system then can store the therapy
information in the database for later access by a health care
provider (block 1036). In addition, the backend system can
communicate the therapy information to the external comput-
ing device and/or the external monitor, which can display or
provide the therapy information to a health care provider, as
discussed above.

Referring now to FIG. 11, still another embodiment of a
method of deriving and using relative physiologic parameter
values is shown. In accordance with the method illustrated in
flow chart 1100, a remote sensor system of an IMD (e.g.,
remote sensor system 112 in FIG. 1) measures an absolute
physiologic parameter value (block 1102). As discussed
above, the remote sensor system can comprises satellite sen-
sors, which can measure any physiologic measurement, such
as, blood pressure, temperature, blood or fluid flow, strain,
electrical, chemical or magnetic properties within the body,
or the like. In one particular embodiment, the physiologic
parameter value obtained is blood pressure (e.g., intravascu-
lar or intracardiac blood pressure), and one or more pressure
sensors associated with the remoter sensor system are used to
obtain the absolute blood pressure value. Again, the absolute
pressure measured by a pressure sensor can be adjusted for
internal temperatures and/or a built-in backing pressure and/
or temperature coefficients of the pressure sensor.

After the remote sensor system of the IMD obtains the
absolute physiologic parameter (e.g., absolute blood pres-
sure), an external device obtains an ambient condition value
(block 1104). In one embodiment, the external device is an
external monitor (e.g., external monitor 104 in FIG. 1), which
includes one or more sensors for measuring the ambient con-
dition value. In another embodiment, the external device is an
external computing device (e.g., external computing device
106 in FIG. 1), which can either measure the ambient condi-
tion value, or obtain the ambient condition value from another
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source, such as a backend computing system, other sensors in
communication with the external computing device, or the
Internet.

After the external device obtains the ambient condition
value, it communicates the ambient condition value to the
remote sensor system (block 1106), which then calculates a
relative physiologic parameter value from the absolute physi-
ologic parameter value and the ambient condition value
(block 1108). As with other communication connections, the
external device and the remote sensor system can implement
a data transmission check (e.g.. a cyclic redundancy code
(“CRC”) check) to ensure the data is transmitted properly.
Further, as discussed above, the physiologic parameter value
and/or the ambient condition value can include time stamps,
so that the relative physiologic parameter value is calculated
using values that are similar in time. After the remote sensor
system calculates the relative physiologic parameter value,
additional processing can occur in a number of different
devices in the system. This is illustrated by continuation block
1110 in FIG. 11.

Referring now to FIGS. 12a-12f, additional embodiments
of the present invention will be described with reference to
flow charts 1200-1250. In accordance with the embodiment
illustrated in FIG. 124, after the remote sensor system calcu-
lates the relative physiologic parameter value, it communi-
cates the relative physiologic parameter value to the main
body of the IMD (e.g., IMD 102) (block 1204), which then
can store the relative physiologic parameter value, for
example, in a memory (block 1206).

In addition, after the IMD receives the relative physiologic
parameter value, it can communicate it to the external device
(block 1214 in FIG. 125). As discussed in previous embodi-
ments, the external device can provide the relative physi-
ologic parameter value to the patient or a health care provider,
or it can communicate the relative physiologic parameter
value to a backend computing system (block 1216).

In another embodiment, instead of the main body of the
IMD communicating the relative physiologic parameter
value to the external device, the remote sensor system can be
configured to communicate the relative physiologic param-
eter value to the external device directly (block 1224 in FIG.
12¢). Then, as with the embodiment of FIG. 125, the external
device can display the relative physiologic parameter value,
and/or it can communicate the value to a backend computing
system (block 1226).

Upon receiving the relative physiologic parameter value,
the backend computing system then can store the value in a
database for access by health care providers. In addition, as
discussed above, the backend computing system can use the
relative physiologic parameter value to determine a therapy
for the patient (block 1254 in FIG. 120. The backend com-
puting system then can store the therapy information in a
database (block 1256), and/or the backend system can com-
municate the therapy information to the external device,
which can display or provide the therapy information to rel-
evant parties.

Referring now to FIGS. 124 and 12e, in accordance with
other embodiments of the invention, after the IMD stores the
relative physiologic parameter value (block 1206 in FIG.
12a), the IMD can be configured to calculate or determine a
therapy based on the relative physiologic parameter value
(blocks 1234 and 1244 in FIGS. 124 and 12e, respectively).
As discussed above, the IMD can be configured to administer
the therapy to the patient (block 1236), and/or the IMD can
communicate the therapy information to the external device
(block 1246). The external device then can provide or com-
municate the therapy information to the patient, a physician



US 8,852,099 B2

19

or other health care provider (block 1248). In addition, the
therapy information can be uploaded to a backend computing
system (block 1249) for later processing, access and/or analy-
sis. In still other embodiments, instead of the backend com-
puting system or the IMD determining the therapy informa-
tion, the external device can be configured to calculate or
determine the therapy.

Various modifications and additions can be made to the
exemplary embodiments discussed without departing from
the scope of the present invention. For example, while the
embodiments described above refer to particular features, the
scope of this invention also includes embodiments having
different combinations of features and embodiments that do
not include all of the described features. Accordingly, the
scope of the present invention is intended to embrace all such
alternatives, modifications, and variations as fall within the
scope of the claims, together with all equivalents thereof

We claim:

1. A system for deriving relative physiologic measurement
values, comprising:

an implantable medical device (“IMD”) operable to deter-

mine a physiologic parameter value within a patient’s
body and communicate the physiologic parameter value
outside the patient’s body, the IMD including a sensor
operable to obtain a measured physiologic parameter
value, wherein the measured physiologic parameter
value comprises a value of a parameter measured within
the patient’s body, and including a transmitter adapted to
communicate the physiologic parameter value outside
the patient’s body, wherein the physiologic parameter
value comprises the measured physiologic parameter
value or an absolute physiologic parameter value,
wherein the absolute physiologic parameter value is
based on the measured physiologic parameter value;
an external computing device including communication
circuitry configured to wirelessly receive the physi-
ologic parameter value and an integral sensor config-
ured to sense an ambient condition value, wherein the
ambient condition value comprises a value of the
parameter measured outside the patient’s body, the
external computing device comprising a single device
operable to both:
wirelessly receive the physiclogic parameter value
from the IMD; and
sense the ambient condition value;
the external computing device or a backend computing
system operable to calculate a relative physiologic
parameter value from the ambient condition value and
the physiologic parameter value; and
the external computing device or the backend computing
system operable to store the calculated relative physi-
ologic parameter value.

2. The system of claim 1, the IMD comprising a main body,
the mainbody including areceiver in communication with the
sensor, wherein the sensor comprises a remote sensor, the
remote sensor operable to obtain the measured physiologic
parameter value within the patient’s body and including a
transmitter adapted to communicate the physiologic param-
eter value to the receiver.

3. The system of claim 1, wherein the external computing
device is operable to communicate the relative physiologic
parameter value to the IMD, and wherein the IMD is further
operable to receive the relative physiologic parameter value
and store it in a memory.

4. The system of claim 1, wherein the backend computing
system comprises a database accessible by one or more health
care providers, and wherein the one or more health care
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providers can obtain the relative physiologic parameter value
from the database and use the relative physiologic parameter
value to provide a service to the patient selected from the
group consisting of diagnosing the patient, prescribing medi-
cation to the patient, providing a therapy to the patient, or
modifying one or more settings of the IMD.

5. The system of claim 1, wherein the physiologic param-
eter value comprises at least one of a blood pressure, a tem-
perature, a fluid flow, a strain, an electrical property, a chemi-
cal property, and a magnetic property.

6. The system of claim 1, wherein the external computing
device comprises at least one of an IMD programmer and a
repeater device in communication with the backend comput-
ing system.

7. The system of claim 1, wherein the IMD and the external
computing device are operable to communicate via a wireless
communication connection selected from the group consist-
ing of: a radio frequency communication connection; an
acoustic communication connection; an electrical field com-
munication connection; and an optical communication con-
nection.

8. The system of claim 1, wherein the IMD is selected from
the group consisting of a physiologic parameter sensor, a
pacemaker, a defibrillator, a bi-ventricular pacer, a ventricular
assist blood pump, a drug delivery pump, a drug infusion
device, a neurostimulating device, an intra-ocular shunt, and
an intra-cranial shunt.

9. The system of claim 1, wherein the IMD is operable to
provide therapy to a patient, and wherein at least one of the
IMD, the external computing device, and the backend com-
puting system uses the relative physiologic parameter value
to determine a therapy to provide to the patient.

10. The system of claim 3, wherein:

the IMD comprises a processor operable to generate

patient therapy information based at least in part on the
relative physiologic parameter value;

the IMD is further operable to communicate the patient

therapy information to the external computing device;
and

the external computing device is operable to communicate

the patient therapy information to the backend comput-
ing system for access by one or more health care pro-
viders.

11. A method for deriving relative physiologic measure-
ment values, comprising:

determining a physiologic parameter value with an

implantable medical device (“IMD”), the IMD includ-
ing an implantable sensor and a transmitter, wherein the
physiologic parameter value comprises a measured
physiologic parameter value or an absolute physiologic
parameter value, wherein the measured physiologic
parameter value comprises a value of a parameter mea-
sured within the patient’s body, and wherein the absolute
physiological parameter value is based on the measured
physiologic parameter value;

obtaining the measured physiologic parameter value with

the implantable sensor;

communicating the physiologic parameter value to an
external computing device outside the patient’s body,
the external computing device comprising communi-
cation circuitry configured to wirelessly receive the
physiologic parameter value and an integral sensor
configured to sense an ambient condition value,
wherein the ambient condition value comprises a
value of the parameter measured outside of the
patient’s body, the external computing device com-
prising a single device operable to both:
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wirelessly receive the physiologic parameter value
from the IMD; and
sense the ambient condition value;

sensing, via the integral sensor, the ambient condition

value;

communicating the physiologic parameter value and the

ambient condition value from the external computing

device to a backend computing system;

calculating a relative physiologic parameter value from the

ambient condition value and the physiologic parameter

value and storing the relative physiologic parameter
value in a memory.

12. The method of claim 11, wherein the IMD comprises a
main body with a receiver in acoustic communication with a
remote sensor system, the remote sensor system including a
transmitter adapted to acoustically communicate the physi-
ologic parameter value to the receiver.

13. The method of claim 11, further comprising storing the
relative physiologic parameter value in a database of the
backend computing system accessible by one or more health
care providers.

14. The method of claim 11, wherein the physiologic
parameter value comprises at least one of a blood pressure, a
temperature, a fluid flow, a strain, an electrical property, a
chemical property, and a magnetic property.

15. The method of claim 11, wherein the external comput-
ing device comprises at least one of an IMD programmer and
a repeater device in communication with the backend com-
puting system.

16. The method of claim 11, wherein communicating the
physiologic parameter value to the external computing device
comprises communicating via a wireless communication
connection selected from the group consisting of a radio
frequency communication connection; an acoustic commu-
nication connection; an electric field communication connec-
tion; and an optical communication connection.

17. The method of claim 11, wherein the IMD is selected
from the group consisting of a physiologic parameter sensor,
apacemaker, a defibrillator, a bi-ventricular pacer, a ventricu-
lar assist blood pump, a drug delivery pump, a drug infusion
device, a neurostimulating device, an intra-ocular shunt, and
an intra-cranial shunt.

18. The method of claim 17, further comprising:

determining a therapy to provide to the patient using the

relative physiologic parameter value;

providing the therapy to the patient with the IMD; and

storing the therapy information for access by one or more

health care providers using the backend computing sys-
tem.

19. A system for deriving relative physiologic parameter
values, comprising;

an implantable medical device (“IMD”) including:

a remote sensor system adapted to be implanted in a
patient’s body and operable to obtain a physiologic
parameter value, the remote sensor system including a
transmitter, wherein the physiologic parameter value
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comprises a measured physiologic parameter value or
an absolute physiologic parameter value, wherein the
measured physiologic parameter value comprises a
value of a parameter measured within the patient’s
body, and wherein the absolute physiologic parameter
value is based on the measured physiologic parameter
value,

a main body adapted to be implanted in the patient’s
body, the main body including a receiver in commu-
nication with the transmitter of the remote sensor
system and operable to receive the physiologic
parameter value from the remote sensor system, the
main body operable to communicate the physiologic
parameter value outside the patient’s body;

an external computing device comprising a single device

operable to:

wirelessly receive the physiologic parameter value from
the IMD;

sense an ambient condition value, wherein the ambient
condition value comprises a value of the parameter
measured outside the patient’s body; and

communicate the physiologic parameter value to a back-
end computing system; and

the backend computing system operable to:

receive the physiologic parameter value from the exter-
nal computing device;

obtain the ambient condition value from the external
computing device;

calculate arelative physiologic parameter value from the
ambient condition value and the physiologic param-
eter value; and

store the calculated relative physiologic parameter value
in a database accessible by one or more health care
providers.

20. The system of claim 19, wherein the physiologic
parameter value comprises at least one of a blood pressure, a
temperature, a fluid flow, a strain, an electrical property, a
chemical property, and a magnetic property.

21. The system of claim 19, wherein the external comput-
ing device comprises at least one of an IMD programmer and
a repeater device in communication with the backend com-
puting system.

22. The system of claim 19, wherein the IMD and the
external computing device are operable to communicate via a
wireless communication connection selected from the group
consisting of: a radio frequency communication connection;
an acoustic communication connection; an electrical field
communication connection; and an optical communication
connection.

23. The system of claim 19, wherein the IMD is selected
from the group consisting of a physiologic parameter sensor,
apacemaker, a defibrillator, a bi-ventricular pacer, a ventricu-
lar assist blood pump, a drug delivery pump, a drug infusion
device, a neurostimulating device, an intra-ocular shunt, and
an intra-cranial shunt.
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