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(57) ABSTRACT 

One embodiment of the present invention relates to a system 
for deriving physiologic measurement values that are rela 
tive to ambient conditions. In one embodiment, the system 
comprises an implantable medical device (“IMD”), Which 
includes a main body; and a remote sensor system operable 
to measure an absolute physiologic parameter value Within 
a patient’s body. The system further comprises an external 
device, Which can be operable to obtain an ambient condi 
tion value outside the patient’s body that can affect the 
absolute physiologic parameter value, and communicate the 
ambient condition value to the remote sensor system. In 
accordance With one embodiment, the remote sensor system 
then can be further operable to receive the ambient condition 
value and calculate a relative physiologic parameter value 
from the ambient condition value and the absolute physi 
ologic parameter value. 
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SYSTEMS AND METHODS FOR DERIVING 
RELATIVE PHYSIOLOGIC MEASUREMENTS 
USING AN IMPLANTED SENSOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to three co 
pending patent applications: US. patent application Ser. No. 

entitled “SYSTEMS AND METHODS FOR 
DERIVING RELATIVE PHYSIOLOGIC PARAM 
ETERS,” and ?led by Scott MaZar (Attorney Docket No. 
303437); US. patent application Ser. No. entitled 
“SYSTEMS AND METHODS FOR DERIVING RELA 
TIVE PHYSIOLOGIC PARAMETERS USING AN 
EXTERNAL COMPUTING DEVICE,” and ?led by Von 
Arx et al. (Attorney Docket No. 306158); and US. patent 
application Ser. No. entitled “SYSTEMS AND 
METHODS FOR DERIVING RELATIVE PHYSIOLOGIC 
PARAMETERS USING A BACKEND COMPUTING 
SYSTEM,” and ?led by Von Arx et al. (Attorney Docket No. 
306664). Each of the above-identi?ed applications is ?led 
on the same date as the present application, and each of the 
above-identi?ed applications is incorporated by reference 
herein for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to measur 
ing physiologic parameters of a patient, and more particu 
larly, to systems, methods and devices for measuring and 
deriving physiologic parameters relative to various environ 
mental parameters. 

[0003] Medical devices are knoWn that can be implanted 
Within a patient’s body for monitoring one or more physi 
ological 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 tem 
perature, blood pressure, strain, ?uid ?oW, chemical prop 
erties, 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, de?brillation, electrical stimula 
tion, and the like. 

[0004] In many cases, the implanted medical devices 
(“IMDs”) are con?gured or adapted to communicate With 
external controllers or programmers, for example, to com 
municate data betWeen the IMD and the external program 
mers, and/or to activate or otherWise control the IMDs. 
Typically, the IMDs can communicate With the external 
programmers via a Wireless communication link, such as an 
RF communication link, or the like. 

[0005] As mentioned above, IMDs can be con?gured 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 
communicate the absolute pressure associated With the 
immediate anatomical environment. These devices are not 
capable of communicating gauge pressure because they are 
con?ned and sealed aWay from the ambient pressure exter 
nal 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 
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pressure may be determined by correlating the absolute 
pressure With the ambient pressure. Similar situations exist 
for other parameters, as Well, such as temperature. 

[0006] Thus, a need exists for systems, methods, and/or 
devices for adjusting measured physiologic parameters, such 
as pressure, temperature and others, based on ambient or 
other environmental conditions. 

BRIEF SUMMARY OF THE INVENTION 

[0007] 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 comprises an implantable medical device (“IMD”), 
Which includes a main body; and a remote sensor system 
operable to measure an absolute physiologic parameter 
value Within a patient’s body. The system further comprises 
an external device Which can be operable to obtain an 
ambient condition value outside the patient’s body that can 
affect the absolute physiologic parameter value, and com 
municate the ambient condition value to the remote sensor 
system. In accordance With one embodiment, the remote 
sensor system then can be further operable to receive the 
ambient condition value and calculate a relative physiologic 
parameter value from the ambient condition value and the 
absolute physiologic parameter value. 

[0008] In accordance With another embodiment of the 
present invention, the absolute physiologic parameter value 
can be marked With a ?rst time stamp and the ambient 
condition value can be marked With a second time stamp. In 
accordance With this embodiment, the remote sensor system 
uses the ?rst and second time stamps to select an ambient 
condition value that is obtained at a time reasonably close to 
a time When an absolute physiologic parameter value is 
measured to calculate the relative physiologic parameter 
value. 

[0009] In accordance With one embodiment, the remote 
sensor system can be operable to communicate the relative 
physiologic parameter value to the main body of the IMD. 
The main body of the IMD then can receive the relative 
physiologic parameter value and store it in a memory. The 
main body of the IMD then can communicate the relative 
physiologic parameter value to the external device for 
further analysis and processing. Alternatively, in another 
embodiment, the remote sensor system of the IMD can be 
operable to communicate the relative physiologic parameter 
value to the external device directly Without ?rst transmit 
ting it to the main body of the IMD. 

[0010] In accordance With another embodiment of the 
invention, the external device can be an external computing 
device in communication With a backend computing system. 
In this embodiment, the external computing device is oper 
able to communicate the relative physiologic parameter 
value to the backend computing system. In addition, the 
backend computing system can include a database Which is 
accessible by one or more health care providers, so that the 
health care providers can obtain the relative physiologic 
parameter value from the database and use it to provide 
services to the patient, such as diagnosing the patient, 
prescribing medication to the patient, providing a therapy to 
the patient, or modifying one or more settings of the IMD. 

[0011] In further embodiments of the invention, the exter 
nal computing device can be IMD programmer, or a repeater 
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device, both of Which can be in communication With the 
backend computing system. Further, in one embodiment, the 
absolute physiologic parameter value measured or obtained 
is blood pressure, and the ambient condition value is an 
ambient pressure value. Thus, in this embodiment, the 
relative physiologic parameter value comprises the blood 
pressure value relative to the ambient pressure, Which can be 
calculated by subtracting the ambient pressure value from 
the blood pressure value. Other calculation algorithms also 
can be used. Further, the blood pressure can be intravascular 
and/or intracardiac blood pressure. 

[0012] In some embodiment, the external device can 
include a sensor, Which is operable to measure the ambient 
condition value. Alternatively, the external device can 
receive the ambient condition value from an ambient con 
dition source. In yet other embodiments, the external device 
comprises a Wireless communication device carried on or 
near the patient’s body. For example, the external device can 
be a monitor device adapted to be Worn around a patient’s 
body part, a monitor device that can be connected to a belt, 
a monitor device that can be Worn as a patch, a personal 

digital assistant (PDA), a monitor device that can be carried 
in a pocket or a personal carry bag, a customiZed cell phone 
or pager, or the like. 

[0013] In accordance With yet another embodiment of the 
invention, the remote sensor system of the IMD and the 
main body of the IMD can communicate With the external 
device via a Wireless communication connection, such as a 
radio frequency communication connection, an acoustic 
communication connection, an electrical ?eld communica 
tion connection, and an optical communication connection. 
Further, the remote sensor system and the main body can 
communicate via a Wired or Wireless communication con 
nection. 

[0014] In accordance With another embodiment of the 
invention, the IMD can be any suitable implantable medical 
device, including a physiologic parameter sensor, a pace 
maker, a de?brillator, a ventricular assist blood pump, a drug 
delivery pump, a drug infusion device, a neurostimulating 
device, an intra-ocular shunt, an intra-cranial shunt, and the 
like. In addition, in other embodiments, the IMD can be 
operable to provide therapy to a patient. In accordance With 
this aspect of the invention, the IMD can use the relative 
physiologic parameter value to determine the proper therapy 
to provide to the patient. Examples of therapy that can be 
provided to the patient include cardiac pacing therapy, 
anti-tachycardia therapy, drug delivery therapy, neurostimu 
lation therapy, and blood pump therapy. In one embodiment, 
the therapy system can be con?gured With the remote 
sensing system of the IMD. 

[0015] In accordance With yet another embodiment of the 
invention, the IMD can include a processor operable to 
generate patient therapy information based at least in part on 
the relative physiologic parameter value. The IMD then can 
communicate the patient therapy information to the external 
device, Which, in one embodiment, can provide the patient 
therapy information to the patient. In an alternative embodi 
ment, instead of the external device providing the therapy 
information to the patient, the external device can commu 
nicate the patient therapy information to the backend com 
puting system for access by one or more health care pro 
viders. In yet another embodiment, instead of the IMD 
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generating the patient therapy information, the backend 
computing system can determine a proper therapy to provide 
to a patient using the relative physiologic parameter value. 
The backend computing system then can store the therapy 
information for access by one or more health care providers. 

[0016] In still another embodiment of the invention, the 
remote sensing system IMD can comprise a stent-like struc 
ture. In another embodiment, the main body and the remote 
sensing system can be con?gured and implanted as separate 
IMDs. In yet other embodiments, the present invention can 
include methods performed by the IMD, the remote sensing 
system, the external device, and the backend computing 
system, and the present invention can include the IMDs, the 
remote sensing systems, and/or the external devices indi 
vidually. 
[0017] A more complete understanding of the present 
invention may be derived by referring to the detailed 
description of preferred embodiments and claims When 
considered in connection With the ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] In the Figures, similar components and/or features 
may have the same reference label. Further, various com 
ponents of the same type may be distinguished by folloWing 
the reference label With a second label that distinguishes 
among the similar components. If only the ?rst reference 
label is used in the speci?cation, the description is applicable 
to any one of the similar components having the same ?rst 
reference label irrespective of the second reference label. 

[0019] FIG. 1 is a diagram shoWing one embodiment of a 
system of the present invention; 

[0020] FIG. 2 is a block diagram shoWing one embodi 
ment of an implantable medical device; 

[0021] FIG. 3 is a block diagram shoWing one embodi 
ment of a remote sensor system of an implantable medical 

device; 
[0022] FIG. 4 is a block diagram of one embodiment of an 
external monitor; and 

[0023] FIGS. 5-12 are How charts illustrating various 
embodiments of methods of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The present invention relates generally to measur 
ing physiological parameters of a patient, and more particu 
larly, to systems, methods and devices for measuring and 
deriving physiological parameters relative to various envi 
ronmental parameters. In contrast to prior art systems and 
methods, one or more embodiments of the present invention 
utiliZe a remote sensing system to measure an absolute 
physiologic parameter value, and an external device to 
obtain ambient measurement values. The remote sensing 
system then uses the ambient values along With the mea 
sured physiologic parameters to calculate relative physi 
ologic parameter values. 

[0025] As discussed herein, the present invention relates 
to systems and methods for obtaining relative physiologic 
parameter values. The physiologic parameter values 
obtained can be any physiologic measurement, such as, 
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blood pressure, temperature, blood or ?uid ?oW, 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 conditions that may affect the measurements 
Within the body. For example, it is knoWn that ambient 
pressure Will affect intravascular blood pressure. Further, 
outside temperature may affect the internal body tempera 
ture of a person or other animal, depending, in part, on the 
severity of the outside temperature. Also, other environmen 
tal conditions, such as, altitude, humidity, electric or mag 
netic ?elds, or chemical compositions may affect other 
physiologic measurements of interest. Accordingly, the 
present invention can be used to adjust any internal physi 
ologic measurements relative to environmental conditions, 
and thus, is not limited in scope to any particular measure 
ment. Of course, as one skilled in the art Will appreciate, 
adjusting measured internal blood pressure relative to ambi 
ent pressure (Which also can be derived from or affected by 
temperature, humidity, altitude, etc.) is of particular interest 
for many clinical and therapeutic applications, and the 
present invention is Well suited to obtain relative pressure 
values. 

[0026] Referring noW to FIG. 1, one embodiment of a 
system 100 for deriving relative physiologic measurement 
values is shoWn. In accordance With the illustrated embodi 
ment, system 100 includes an implantable medical device 
(“IMD”) 102, an external monitoring device 104, an external 
computing device 106, and a backend computing system 
108. 

[0027] IMD 102 can be any type of implantable medical 
device that is con?gured to obtain physiologic measure 
ments of a patient and/or provide therapy to the patient. For 
example, IMD 102 can be a pacemaker, an implantable 
cardioverter de?brillator (“ICD”), a cardiac resynchroniZa 
tion 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 measure physiologic parameter values. 
In the embodiment illustrated 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 physiologic measurements (e.g., blood 
pressure or the like) and therapy delivery systems (also 112) 
for providing cardiac therapy to the patient. 

[0028] 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 communication connection, or a Wireless commu 
nication connection. If a Wireless communication connec 
tion is used, the Wireless connection can be a radio fre 
quency (RF) connection, an acoustic connection (e.g., 
ultrasound), an optical connection, an electric ?eld connec 
tion, or any other suitable communication connection. For 
example, in one embodiment, sensors and/or therapy deliv 
ery systems 112 can be con?gured in one or more satellite 
devices (e.g., chronically implanted stent devices) as is 
disclosed in Published US. Patent Application No. 2003/ 
0158584 A1, published on Aug. 21, 2003, and entitled 
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“Chronically-Implanted Device For Sensing and Therapy,” 
the entirely of Which is incorporated by reference herein for 
all purposes. 

[0029] In addition, in some embodiments, IMD 102 is 
operable to communicate With external monitoring device 
104 and external computing device 106 via Wireless con 
nections 114 and 116, respectively. Similarly, in some 
embodiments, external monitoring device 104 is operable to 
communicate With external computing device 106 via Wire 
less connection 118. Further, in other embodiments, external 
monitor 104 and external computing device 106 can be in 
Wireless communication With sensor circuitry 112 via Wire 
less 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 moni 
toring device 104 and external computing device 106 via the 
communication connections. Similarly, external monitoring 
device 104 can communicate bi-directionally With external 
computing device 106. 

[0030] 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, communication circuitry 206, therapy cir 
cuitry 208 and sensor circuitry 210. Memory 204, commu 
nication circuitry 206, therapy circuitry 208 and sensor 
circuitry 210 all are in electrical communication With pro 
cessor 202, as is illustrated by arroWs 212. 

[0031] As one skilled in the art Will appreciate, processors 
and memory devices are Well knoWn in the art, and the 
speci?c type and/or style of processor or memory device that 
can be used in IMD 102 is not limited. Accordingly, pro 
cessor 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. 

[0032] 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 connection. The Wireless connection can be, for 
example, a near ?eld radio frequency (RF) communication 
connection, a far ?eld RF communication connection, an 
acoustic communication connection (e.g., an ultrasound 
connection), an optical communication connection, or any 
other suitable Wireless communication connection. 

[0033] In one embodiment, communication circuitry 206 
can include circuitry for both near ?eld RF telemetry and far 
?eld RF telemetry. For example, one embodiment of com 
munication circuitry that can be used in IMD 102 is dis 
closed in Published US. patent App. No. US. 2003/ 
0114897 A1, published on Jun. 19, 2003, and entitled 
“Implantable Medical Device With TWo or More Telemetry 
Systems,” and Published US. patent App. No. US. 2003/ 
0114898 A1, published on Jun. 19, 2003, and entitled 
“Telemetry Duty Cycle Management System for an Implant 
able Medical Device,” both of Which are incorporated by 
reference herein for all purposes. 



US 2006/0064142 A1 

[0034] 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?gured to reside in a poWer-saving, sleep mode for a 
majority of the time. In accordance With this embodiment, 
communication circuitry 206 can be con?gured 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, communi 
cation 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 aforemen 
tioned Published US. patent App. Nos. US. 2003/0114897 
A1 and US. 2003/0114898 A1 disclose different Ways of 
implementing IMD poWer-saving modes, Which, as dis 
cussed above, are incorporated herein by reference for all 
purposes. In addition, additional poWer management sys 
tems and methods are disclosed in Published US. patent 
App. No. US. 2003/0149459 A1, published on Aug. 7, 
2003, and entitled “Methods and Apparatuses for Implant 
able Medical Device Telemetry PoWer Management,” the 
entirety of Which is incorporated by reference herein for all 
purposes. 

[0035] Further, in accordance With other embodiments, 
communication circuitry 206 can be con?gured to commu 
nicate With an intermediary telemetry device, Which, in turn, 
can facilitate communication With the external monitoring 
device 104 and/or external computing device 106. One 
example of this type of con?guration is disclosed in Pub 
lished US. 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 
con?gurations for RF telemetry are knoWn, and communi 
cation circuitry 206 can embody those con?gurations, as 
Well. Thus, as one skilled in the art Will appreciate, com 
munication circuitry 206 is not limited by any particular 
con?guration or communication means. 

[0036] Therapy circuitry 208 comprises circuitry for pro 
viding one or more therapeutic functions to a patient. For 
example, therapy circuitry 208 can include circuitry for 
providing heart pacing therapy, cardiac de?brillation 
therapy, cardiac resynchroniZation therapy, drug delivery 
therapy, or any other therapy associated With a suitable IMD. 
In the case of cardiac therapy (e.g., pacing, de?brillation, 
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 Wire 
lessly coupled to the IMD body 102, as discussed beloW. 

[0037] Finally, sensor circuitry 210 comprises the sensors 
and circuitry needed to obtain or measure the physiologic 
parameters. For example, to obtain a blood pressure (e.g., 
intravascular or intracardiac blood pressure), sensor cir 
cuitry 210 comprises one or more pressure sensors and 
associated circuitry for recording the pressure accurately. 
Pressure sensors 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 con?gured to obtain other physiologic param 
eters, such as temperature, electrical impedance, position, 
strain, pH, ?uid ?oW, blood oxygen levels, and the like. In 
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these cases, sensor circuitry 210 Will include suitable bio 
sensors for obtaining the corresponding physiologic param 
eters. 

[0038] Also, as one skilled in the art Will appreciate, the 
sensors and/or sensor circuitry can be, and many times are, 
electrically 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 
embodiment in Which the sensors and/or therapy delivery 
mechanisms 112 are connected to IMD 102 via leads 110. 

[0039] In an alternative embodiment, IMD 102 can com 
prise a planet/satellite con?guration, in Which the satellite 
portion of the IMD includes sensor and/or therapy delivery 
circuits and mechanisms. Such a con?guration is disclosed 
in Published US. 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 embodiments, 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 communicate 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 discussed in more detail in the 
incorporated reference. 
[0040] In accordance With one embodiment of the inven 
tion, the satellite sensor/therapy devices can be con?gured 
as stent-like, intraveous, chronically-implanted devices. The 
con?guration of embodiments of stent-like devices is dis 
closed in more detail in the incorporated Published US. 
patent Application No. US. 2003/0158584. FIG. 3, hoW 
ever, illustrates one embodiment of sensing and/or therapy 
circuitry 300 of a satellite device. In accordance With the 
illustrated embodiment, the circuitry 300 comprises a pair of 
electrodes 302, a stimulus storage unit 304, a sensing 
ampli?er and comparator logic 306, a sense event state 
storage and interface 308, a data processor 310, a transceiver 
312, an antenna 314, a pump-recti?er 316, and a pump 
regulator 318. According to various embodiments, the sat 
ellite is designed for mechanical, electrical and/or chemical 
sensing, and for mechanical, electrical and/or drug-eluting 
therapies. 
[0041] The operation of circuitry 300 is described in 
greater detail in the incorporated Published US. patent 
Application No. US. 2003/0158584. HoWever, in accor 
dance With one embodiment, antenna 314 and transceiver 
312 can be con?gured 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 connections, acoustic connections 
(e.g., ultrasound), optical connections, or other suitable 
communication connections. In addition, antenna 314 and 
transceiver 312 can be con?gured to communicate With the 
multiple devices using one or more different connection 
types. 
[0042] As discussed in more detail beloW, in some 
embodiments, sensor/therapy circuitry 300 is operable to 
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receive ambient condition values, for example, from the 
main body of the IMD 102, external monitor 104 or external 
computing device 106 and calculate a relative physiologic 
parameter value using the ambient condition value. In accor 
dance With these embodiments of the invention, data pro 
cessor 310 can be con?gured to calculate the relative physi 
ologic parameter values using measured values and the 
received ambient condition values. In addition, data proces 
sor 310 is operable to format data received by circuitry 300, 
as Well as format data being transmitted by the satellite 
device. Again, a more complete description of the operation 
and con?guration of the satellite device and associated 
circuitry is set forth in the incorporated reference. 

[0043] Referring again to FIG. 1, external monitoring 
device 104 comprises a device that is adapted to obtain an 
ambient condition value or other environmental condition 
value outside the body that can affect the measured physi 
ologic 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 determining intravascular blood pressure, 
external monitoring device 104 can calculate a gauge blood 
pressure by adjusting the measured blood pressure value 
With an atmospheric or barometric pressure value. 

[0044] 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 a 
computing 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. 

[0045] Referring noW to FIG. 4, one embodiment of an 
external monitoring device 104 is shoWn. In the illustrated 
embodiment, 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 
communication With processor 402, as is illustrated by 
arroWs 412. 

[0046] 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 speci?c 
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 hereinafter developed. In addition, com 
munication circuitry 406 is circuitry that alloWs external 
monitoring device 104 to communicate 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, commu 
nication circuitry 406 comprises RF communication cir 
cuitry, as Well. Similarly, if optical or acoustic communica 
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tion connections are used, communication 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 con 
nection, While other devices, such as external computing 
device 106 or sensor/therapy circuitry 112 might be com 
municating With external monitor 104 via other types of 
connections. Thus, communication circuitry 406 can be any 
circuitry adapted to facilitate the communications With IMD 
102, external computing device 106, and sensor/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 discussed in detail herein. 

[0047] 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 embodi 
ment, patient interface 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 communi 
cation means. 

[0048] Finally, referring again to FIG. 1, external com 
puting 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., pace 
maker, 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 Us. Pat. No. 
6,607,485, issued on Aug. 9, 2003, and entitled “Computer 
Readable Storage Medium Containing Code for Automated 
Collection and Analysis of Patient Information Retrieved 
from an Implantable Medical Device for Remote Patient 
Care,” the entirety of Which is incorporated 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 storing 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. 

[0049] Backend computing system 108 can be any type of 
computing system. In one embodiment, backend computing 
system is a netWorked system With a database operable to 
receive information regarding patients and their IMDs. The 
information then can be accessed by third parties, such as 
physicians, specialists, IMD manufacturers, insurance com 
panies, pharmaceutical companies, or any other health care 
provider. As discussed in more detail beloW, backend com 
puting system 108 can be con?gured to receive relative 
physiologic parameter values for patients and IMDs, other 
IMD information, and/or patient therapy information. In 
addition, backend computing system 108 can be con?gured 
to receive physiologic measurements and calculate relative 
measurements using ambient condition values. Further, 
backend computing system can determine patient therapy 
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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 com 
puting systems that can be used With the present invention 
are disclosed in US. Pat. No. 6,607,485 discussed above, 
and US. patent application Ser. No. 10/789,964, ?led 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. 

[0050] Referring noW to FIG. 5, How 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 How chart 500, an IMD (e.g., IMD 102 in FIG. 1) 
determines an absolute physiologic parameter value (block 
502). As discussed above, the physiologic parameter values 
obtained can be any physiologic measurement, such as, 
blood pressure, temperature, blood or ?uid ?oW, 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., intravas 
cular or intracardiac blood pressure), 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 sensor typically is 
not a true absolute pressure. The measured pressure typically 
is adjusted for internal temperatures and/or a built-in back 
ing pressure and/or temperature coef?cients of the pressure 
sensor. Thus, an absolute blood pressure value can be 
calculated according to the folloWing formula: 

PABP=PMBP_PRef(TBlood) Where: 

[0051] PABP is the absolute blood pressure; 

[0052] PMBP is the measured blood pressure; and 

[0053] PRef (TBIOOd) is the sensor reference/backing 
pressure, Which is a function of blood temperature 

(TBlood) ' 

[0054] As one skilled in the art Will appreciate, most 
pressure sensors are con?gured to perform these adjustments 
automatically, and thus, special processing Within the IMD 
typically is not needed to obtain the absolute blood pressure 
value. 

[0055] After the IMD obtains the absolute physiologic 
parameter (e.g., absolute blood pressure), the IMD commu 
nicates 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 implement a data transmission check (e.g., a 
cyclic redundancy code (“CRC”) check) to ensure the data 
is transmitted properly. 

[0056] The external monitor receives the absolute physi 
ologic 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 measuring the ambient condition value. Alterna 
tively, in another embodiment, the external monitor could 
receive the ambient condition value from another source, 
such as another computing device in communication With 

Mar. 23, 2006 

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 obtain 
ing the ambient condition value. 

[0057] In some embodiments, the step of determining the 
absolute physiologic parameter value and the step of obtain 
ing the ambient condition value may not occur at the same 
time or even close to the same time. For example, the 
external monitor 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 relatively quickly, and thus, if 
an ambient condition value is not obtained at a time rela 
tively close to When the absolute physiologic 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 param 
eter value. In some embodiments, if there is a gap betWeen 
When ambient condition values are measured or obtained, 
averaged or pro rated ambient values can be used. 

[0058] As discussed above, in one embodiment, the sys 
tems 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 external monitor can 
be calculated according to the folloWing formula: 

P ATM=P MATM_P ATM Ref(TATM) Where: 

[0059] P ATM is the adjusted atmospheric pressure; 

[0060] PM ATM is the measured atmospheric pressure; 
and 

[0061] P ATM Ref(TATM) is the sensor reference/backing 
pressure, Which is a function of the temperature Where 
the external monitor is placed (T ATM) 

[0062] As discussed above, most pressure sensors are 
con?gured to perform these adjustments automatically, and 
thus, special processing Within the external monitor typi 
cally is not needed to obtain the adjusted atmospheric 
pressure. 

[0063] After the external monitor obtains the ambient 
condition value and the absolute physiologic parameter 
value, the external 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 pres 
sure value. When pressure sensor adjustments are taken into 
account, the folloWing formula Will apply: 

P Ga51ge=(P MBP_P Ref(TB1ood))_(P MATM_P ATM 
M) Re AT 
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[0064] 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 problems, 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 manipu 
lation, Which then can be reconciled With the external 
ambient condition measurements. Thus, the present inven 
tion is not limited to a pure subtraction operation. Further, as 
one skilled in the art Will appreciate, the calculations 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. Also, as discussed brie?y above, if the physiologic 
parameter value and/or the ambient condition value include 
time stamps, the external monitor Will values that are similar 
in time (or averaged or pro rated values), so that the relative 
value is accurate. 

[0065] In one embodiment, after the external monitor 
calculates the relative physiologic parameter value, it com 
municates 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 a data 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 operations With the relative value. This 
is illustrated by continuation block 514 in FIG. 5. 

[0066] Referring noW to FIGS. 6a-6a', additional embodi 
ments of the present invention Will be described With 
reference to How charts 600, 610, 620 and 630, respectively. 
In FIGS. 6a-6a', 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 con?gured to communicate the 
relative physiologic parameter value to an external comput 
ing device, such as external computing device 106 discussed 
above With reference 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 measurements to an external program 
mer or repeater device along With other IMD data, Which is 
Well knoWn. A physician or other health care provider can 
analyZe the relative physiologic measurements to determine 
trends and provide diagnosis 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 pro 
cessing, 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 (block 606). 

[0067] Referring noW to FIG. 6b, in this particular 
embodiment, the IMD can be con?gured 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 con?gured to 
change pacing modes or parameters based on the obtained 
relative physiologic value. Similarly, if the IMD is a drug 
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delivery device, the device might deliver a drug dosage 
When certain relative physiologic parameter values are mea 
sured. 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. 

[0068] Referring noW to FIG. 6c, in this particular 
embodiment, the IMD can be con?gured to calculate or 
determine a therapy or therapy information based on the 
relative physiologic parameter value (block 624). The IMD 
then is con?gured to communicate the therapy information 
to the external monitor (e.g., external monitor 104) (block 
626), Which in turn can be con?gured to provide or com 
municate the therapy information to the patient (block 628). 
For example, in the case of a CRM IMD, Which is con?g 
ured to detect blood pressure, When the IMD detects a 
consistent rise in blood pressure for a congestive heart 
failure patient, the IMD can be con?gure 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 medi 
cation dosage, or perhaps take a medication. As discussed 
above, the external monitor can include a communication 
interface, such as a visual screen or audible interface, to 
communicate the information to the patient. 

[0069] Referring noW to FIG. 6d, in this particular 
embodiment, the IMD again can be con?gured to calculate 
or determine a therapy or therapy information based on the 

relative physiologic parameter value (block 634). Then, in 
stead of, or in addition to administering the therapy to the 
patient, the IMD is con?gured to communicate the therapy 
information to an external computing device, such as com 
puting 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 physician can provide different or addi 
tional 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 comput 
ing system (e.g., backend computing system 108) for later 
processing, access and/or analysis. 

[0070] In an alternative embodiment, instead of the exter 
nal monitor communicating the relative physiologic param 
eter value to the IMD, it can be con?gured to communicate 
the relative physiologic parameter value to the external 
computing device Without ?rst communicating it to the 
IMD. The external computing device then can communicate 
it to a backend computing 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 exter 
nal monitor or the external computing device can be con 
?gured to determine the therapy information based on, in 
part, the calculated relative physiologic 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 external monitor, and/or the 
external computing device provide to the patient Will depend 
upon the type of IMD and the type of physiologic parameters 














