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(57) ABSTRACT 

Embodiments of the present invention are directed to a 
physiological monitoring device Which is con?gured to 
record signals that re?ect blood ?oW and/or blood pressure, 
and Which may also record ECG signals. In one embodi 
ment, a portable monitoring device comprises a plurality of 
impedance electrodes con?gured to be coupled to a patient’s 
body and to generate an AC current With an electrical ?eld 
to detect local electrical impedance of a portion of the 
patient’s body encompassed by the electrical ?eld, the local 
electrical impedance being a surrogate measure of local 
blood How of the portion of the patient’s body. At least a 
portion of the portable monitoring device is con?gured to be 
insertable subcutaneously into the patient’s body. 
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PORTABLE DEVICE FOR MONITORING 
ELECTROCARDIOGRAPHIC SIGNALS AND 

INDICES OF BLOOD FLOW 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is based on and claims the bene?t 
of Us. Provisional Patent Application No. 60/569,551, ?led 
May 10, 2004, the entire disclosure of Which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to diagnostic moni 
toring systems and, more particularly, to a portable diag 
nostic monitoring system for assessing cardiovascular 
hemodynamic state during the setting of a normal or abnor 
mal heart rhythm. Advantageously, the monitoring system is 
capable of detecting abnormalities of blood pressure and/or 
How. 

[0003] Changes in cardiac output or blood pressure may 
be of value in diagnosis and management chronic and/or 
recurring disease states (e. g., congestive heart failure, hyper 
tension, syncope). Currently, such measurements require 
invasive intravascular catheters With attached sensors (e.g., 
pressure, oxygen saturation) or an intra-arterial cannula. 

[0004] Devices employing the technique of impedance 
plethysmography (commonly knoWn as Impedance Cardio 
graphs (ICG) When applied to the thorax) have been devel 
oped Which are external to the body and can provide a 
surrogate marker of pulsatile blood volume changes and/or 
surrogate measure of blood ?oW by detection of changes in 
bioelectrical impedance (BEI). Typically, these devices use 
band or spot electrodes around the ends of the thorax and 
measure change in chest impedance due to altered vascular 
volumes corresponding to cardiac activity. Current is trans 
mitted through the chest and seeks the path of least resis 
tance, i.e., the blood ?lled aorta. With each heartbeat, the 
blood volume and velocity of the aorta change. Impedance 
plethysmography measures the corresponding change in 
impedance and calculates the hemodynamic parameters. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The invention addresses the medical problem of 
evaluating the hemodynamic impact of a cardiac arrhythmia 
or suspected cardiac arrhythmia in free-living individuals. 
The objective may be accomplished by correlating electro 
cardiographic (ECG) recordings With surrogate measure 
ments of blood pressure and/or blood ?oW obtained from a 
portable (Wearable or insertable) cardiac monitor. In 
essence, for instances in Which there is suspicion that heart 
rhythm disturbances are causing symptoms (e.g., diZZiness, 
syncope, or Weakness), the ability to correlate a documented 
arrhythmia With its hemodynamic effect Will alloW the 
physician to better assess the true impact of the arrhythmia 
on the patient. Additionally, some patients may exhibit 
hemodynamic disturbances (e.g., abrupt hypotension) With 
out concomitant arrhythmia. Examples include certain 
vasodepressor faints in Which the main problem is dilation 
of arterial blood vessels causing a fall in blood pressure, or 
in some individuals in association With movement from 
supine or seated to upright posture (e.g., orthostatic hypoten 
sion and/or orthostatic faints). In these conditions the heart 

Jan. 25, 2007 

rhythm may remain normal, or only relatively minor abnor 
malities are recorded and the heart rate may remain Within 
the normal range; nonetheless, the blood pressure becomes 
abnormally loW. Currently, these latter conditions are diffi 
cult to document in free-living individuals as they occur 
unpredictably over time, and at present there is no available 
portable monitor systems Which can document both ECG 
and hemodynamic alterations over relatively long periods 
(e.g., Weeks or months). 

[0006] Embodiments of the present invention are directed 
to a physiological monitoring device Which is con?gured to 
record signals that re?ect blood ?oW and/or blood pressure, 
and Which may also record ECG signals. In an exemplary 
embodiment, a portable diagnostic monitoring device is 
capable of detecting abnormal cardiac rhythms and assess 
their impact on blood ?oW, as Well as detect abnormalities 
of blood ?oW that may or may not be associated With an 
abnormal heart rhythm. An example of clinical use is the 
evaluation of individuals experiencing syncope (faints) of 
unknown origin. The monitoring device may be Worn on the 
body surface of the patient. A more practical embodiment of 
the monitoring device is of a su?iciently small siZe as to be 
insertable into the body of the patient using techniques 
essentially identical to placement of a conventional pace 
maker generator. In the exemplary embodiment, intra-vas 
cular access is not utiliZed, so that the system offers diag 
nostic capabilities Without invading blood vessels to insert 
sensors. In other embodiments, intravascular or extravascu 
lar leads may be used to enhance the diagnostic capability. 
In yet other embodiments, the monitoring device may be 
incorporated into a conventional pacemaker or implantable 
de?brillator (ICD) to enhance the diagnostic capability of 
those instruments. 

[0007] In accordance With an aspect of the present inven 
tion, a portable monitoring device comprises a plurality of 
impedance electrodes con?gured to be coupled to a patient’s 
body and to generate an AC current With an electrical ?eld 
to detect local electrical impedance of a portion of the 
patient’s body encompassed by the electrical ?eld, the local 
electrical impedance being a surrogate measure of local 
blood How of the portion of the patient’s body. At least a 
portion of the portable monitoring device is con?gured to be 
insertable subcutaneously into the patient’s body. 

[0008] In some embodiments, the impedance electrodes 
are to be placed in close proximity to (e.g., Within less than 
about 5 cm of) a target region of the patient’s body to be 
monitored. The impedance electrodes are con?gured to 
detect local electrical impedance near an artery in the 
patient’s body. The impedance electrodes include tWo elec 
trodes that are spaced from one another in a direction 
generally parallel to or transversely across the artery. A 
temperature sensor may also be used in this device to aid in 
assessing local blood ?oW and/or monitoring for recurring 
disease states that may cause fever. The temperature sensor 
is con?gured to measure local tissue temperature of the 
patient’s body near the temperature sensor. A plurality of 
ECG electrodes are con?gured to be coupled to the patient’s 
body. A telemetry component is con?gured to communicate 
telemetrically With an external device. A Warning compo 
nent, Which may be activated or deactivated by an external 
telemetry link, provides Warning based on the detected 
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information. The impedance electrodes are can-mounted 
surface electrodes. Auxiliary leads are coupled With the 
impedance electrodes. 

[0009] In speci?c embodiments, a memory is con?gured 
to store physiological information obtained by detecting the 
local electrical impedance by the impedance electrodes. The 
memory is con?gured to store physiological data based on 
instructions delineating criteria for data to be stored. The 
memory has looping memory capability. The memory is 
con?gured to store data temporally proximate to an event 
based on information detected by the impedance electrodes 
or patient-activated triggering. 

[0010] In accordance With another aspect of the present 
invention, a portable monitoring device comprises a plural 
ity of impedance electrodes con?gured to be coupled to a 
patient’s body and to generate an AC current With an 
electrical ?eld to detect local electrical impedance of a 
portion of the patient’s body encompassed by the electrical 
?eld; a plurality of ECG electrodes con?gured to be coupled 
to the patient’s body; and a memory con?gured to store 
physiological information obtained by detecting the local 
electrical impedance by the impedance electrodes and by the 
ECG electrodes. 

[0011] In some embodiments, the impedance electrodes 
and the ECG electrodes are can-mounted surface electrodes. 
Auxiliary leads may also be coupled With at least some of 
the impedance electrodes and the ECG electrodes. 

[0012] In accordance With another aspect of the invention, 
a method of monitoring a patient comprises coupling a 
plurality of impedance electrodes to a patient’s body to 
generate an AC current With an electrical ?eld to detect local 
electrical impedance of a portion of the patient’s body 
encompassed by the electrical ?eld, the local electrical 
impedance being a surrogate measure of local blood How of 
the portion of the patient’s body; and inserting at least a 
portion of a portable monitoring device including the imped 
ance electrodes subcutaneously into the patient’s body. 

[0013] In some embodiments, the impedance electrodes 
are placed in the vicinity (e.g., usually Within less than about 
5 cm) of a target region of the patient’s body to be monitored 
(e.g., an artery such as the subclavian artery). The imped 
ance electrodes may be applied to a muscle of the patient’s 
body to be monitored. TWo of the impedance electrodes may 
be positioned near an artery and spaced in a direction 
generally parallel to the artery. Local tissue temperature of 
the patient’s body may also be measured. ECG data of the 
patient may also be measured. The method may further 
include transferring information obtained by the impedance 
electrodes and other sensors (e. g., temperature sensors, ECG 
electrodes) to an external device disposed outside the 
patient’s body. A Warning is generated based on the detected 
information using pre-determined criteria programmed into 
the device by the user (e.g., physician). The method further 
comprises storing physiological information obtained by 
detecting the local electrical impedance by the impedance 
electrodes. The information is stored based on instructions 
delineating criteria for data to be stored. The information is 
stored proximate to an event based on information detected 
by the impedance electrodes or patient-activated triggering. 

[0014] In speci?c embodiments, the method further com 
prises coupling auxiliary leads to the impedance electrodes 
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and positioning the auxiliary leads in a target location in the 
patient’s body. The method may further comprise providing 
the impedance electrodes in an implantable diagnostic 
device. 

[0015] A further con?guration permits automatic telem 
etry of information to an external receiver/transmitter for 
automatic transfer to a distant monitoring station such as by 
radioWaves, Wireless telephony, or direct internet connec 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a plan vieW of a portable monitoring 
device according to an embodiment of the present invention. 

[0017] FIG. 2 is an elevational vieW of the portable 
monitoring device of FIG. 1. 

[0018] FIGS. 3A-3D are simpli?ed schematic vieWs of the 
positioning of the impedance electrodes relative to an artery. 

[0019] FIG. 4 is a simpli?ed schematic vieW of a moni 
toring device incorporated in an implantable device such as 
a pacemaker or ICD. 

[0020] FIG. 5 is a plan vieW of a portable monitoring 
device including leads according to another embodiment of 
the present invention. 

[0021] FIG. 6 is a simpli?ed schematic vieW of an external 
device for communicating With a monitoring device inserted 
into a patient. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The folloWing detailed description should be read 
With reference to the draWings in Which similar elements in 
different draWings are numbered the same. The draWings, 
Which are not necessarily to scale, depict illustrative 
embodiments and are not intended to limit the scope of the 
invention. 

[0023] FIGS. 1 and 2 shoW a monitoring device 10 Which 
includes a plurality of impedance electrodes 12, a plurality 
of ECG electrodes 14, a temperature sensor 16, and a 
plurality of suture ports 18. FIGS. 1 and 2 shoW four 
impedance electrodes 12 that are spaced from each other and 
four ECG electrodes 14 that are spaced from each other, 
although feWer (e.g., tWo impedance electrodes and tWo 
ECG electrodes) or more electrodes may be used in other 
embodiments. The use of four impedance electrodes 12 can 
eliminate electrode interface artifacts and the high electrode 
tissue impedance. The sensors and electrodes are depicted as 
protruding from the surface, but they may be ?at. In the 
speci?c embodiment shoWn, the impedance electrodes 12, 
ECG electrodes 14, and temperature sensor 16 are built into 
the body or can of the monitoring device 10. The monitoring 
device 10 is desirably a stand-alone, self-poWered device 
With a battery 20, Which may be rechargeable. There is no 
need for intra-cardiac electrodes, although the addition of 
intra- or extra-cardiac electrodes may be employed to 
enhance the diagnostic capabilities in alternative embodi 
ments. The monitoring device 10 is compact, typically less 
than half the siZe of a conventional modern pacemaker. It is 
designed to collect, store, and transmits surrogate blood 
pressure and/or ?oW data as Well as ECG data. Various 
embodiments may include all or some of the sensors and 
electrodes depicted. 
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[0024] The impedance electrodes 12 are con?gured to 
transmit electrical signals and/or measure the resulting local 
electrical impedance as it is determined by the signals 
passing through tissue and/or blood vessels in the vicinity of 
the impedance electrodes 12, as encompassed by an elec 
trical ?eld of an AC current generated by the impedance 
electrodes 12. More particularly, the impedance electrodes 
12 can measure surrogates of the local blood ?oW charac 
teristics (e.g., blood ?oW volume or velocity) of the local 
tissue Zone and, more precisely, the pulsatile blood volume 
change in the muscle in the local tissue Zone being sampled. 
The impedance electrodes 12 generate anAC current With an 
electrical ?eld that encompasses the local tissue Zone being 
sampled to measure voltage drop therebetWeen. The voltage 
drop depends on the impedance corresponding to the pul 
sation of blood. The blood ?oW oscillates over time, and 
intermittently changes the impedance over time. For 
instance, the impedance may represent the relative magni 
tudes of blood ?oW (increasing or decreasing), or may be a 
relative measure of the blood ?oW (volume and/or velocity) 
With respect to an earlier time. The local impedance change 
is expected to be proportional to changes in the pulsatile 
blood volume change in the muscle in the tissue Zone being 
sampled. A minimum of tWo impedance electrodes 12 are 
used. Additional impedance electrodes 12 alloW different 
impedance or voltage drop vectors to be generated to 
provide a better chance of detecting changes in the blood 
?oW characteristics. 

[0025] In some embodiments, the impedance electrodes 
12 are con?gured to be disposed near the artery or arteries 
being monitored, typically separated by less than about 5 
cm, more desirably about 3-4 cm. The distance depends on 
the strength of the electrical ?eld of the AC current being 
generated, and can increase With an increase in the strength 
of the electrical ?eld. The artery 30 may be disposed 
generally parallel to the spacing betWeen tWo impedance 
electrodes (e.g., FIG. 3A); the impedance electrodes may be 
disposed generally transversely across the artery on opposite 
sides thereof (e.g., FIG. 3B); or the impedance electrodes 
may be disposed at an angle relative to the artery (e.g., FIG. 
3C or 3D). Measurement using the transverse arrangement 
may be less effective than using the longitudinal or parallel 
arrangement, since blood resistivity changes with How, and 
decreases in the longitudinal direction and increases in the 
transverse direction due to the lining up of the red cells. The 
impedance electrodes are described as extra-vascular sen 
sors, but may be positioned Within the vascular system 
(intra-vascular) in other embodiments. 

[0026] It is noted, hoWever, that the impedance electrodes 
12 are con?gured to be applied over any target region on a 
patient’s body for detecting a surrogate marker of pulsatile 
blood volume changes or blood How. The target region may 
be the muscle of the body or some tissue region. In that case, 
the impedance electrodes 12 need not be placed in the 
vicinity of any arteries. 

[0027] The temperature sensor 16 measures local tissue 
temperature Which may be a surrogate marker for blood 
pressure and/ or blood ?oW measurement. The sensor 16 can 
detect ?oW-related temperature differences. A sensitive 
recording system is preferably used. For instance, an abrupt 
local temperature change may reasonably be interpreted as 
being due to acute changes in local blood ?oW. SloW 
temperature changes may re?ect environmental factors, or a 
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fever, etc. Rapid temperature changes, albeit of a small 
magnitude, is most likely related to blood ?oW alterations. 

[0028] The ECG electrodes 14 increase the clinical utility 
of the monitoring device 10 by recording one or more ECG 
lead vectors. The data collected by the ECG electrodes 14 
may be used to correlate With the data collected by the 
impedance electrodes 12 and/or the temperature sensor 16 to 
assist physicians in distinguishing Whether cardiac arrhyth 
mias are responsible for hypotensive symptoms or other 
mechanisms are at fault. Other sensor may be used to detect 
?oW change utiliZing, for example, laser Doppler techniques 
(photophethysmography) or local detection of hemoglobin 
by re?ectance methods. 

[0029] As seen in FIG. 2, the monitoring device 10 
includes a processor 22 and a memory 24 for storing data 
collected by the electrodes and sensor. The monitoring 
device 10 may be programmed to collect and process data 
using the processor 22 and memory 24 as desired by the user 
and/or manufacturer. The memory 24 may store the data 
temporarily or permanent. The data may be transmitted to a 
remote site, such as a memory device Worn by the patient or 
a server elseWhere, after data transfer by a telemetry link 
With the telemetry component 26. Information may be 
transmitted via the telemetry component 26 betWeen the 
device 10 and an external system such as a central moni 
toring center. Data may be transmitted automatically or after 
telemetry instruction from an external user such as physician 
or nurse. The device 10 may be programmed to store all or 
some of the recorded data based upon doWnloaded instruc 
tions delineating criteria for data storage (e.g., outside upper 
or loWer heart rate boundaries). A Warning component 28 
such as a buZZer or audible alert may be incorporated in 
order to Warn the patient of an impending problem. 

[0030] In speci?c embodiments, the monitoring device 10 
is inserted into the body of the patient under the skin, more 
typically under the subcutaneous tissue. For example, the 
monitoring device 10 may be inserted subcutaneously under 
the collar bone to be disposed near the subclavian artery. If 
the monitoring device 10 is inserted to place the impedance 
electrodes 12 against the pectoralis muscles, a surrogate 
assessment of skeletal muscle blood How Will be the target 
to be monitored. An insertable monitoring device is more 
practical than a Wearable one for long term use because it 
eliminates the need to attach electrodes or the like onto the 
external skin surface of the patient. In yet another embodi 
ment, the monitoring device 10 may be incorporated into an 
implantable device such as a cardiac pacemaker, an implant 
able de?brillator (ICD), or the like to provide additional 
diagnostic or hemodynamic feedback capability (see, e.g., 
U.S. Pat. No. 5,441,525). FIG. 4 shoWs a simpli?ed sche 
matic vieW of monitoring device components 50 as a part of 
an implantable device 60. 

[0031] While FIGS. 1 and 2 shoW can-mounted surface 
electrodes, lead-mounted electrodes may be used. Unipolar 
and/or bipolar signals can be detected. One or more ECG 
vectors can be provided by the positioning of electrodes on 
the can or header, or on auxiliary leads designed to be 
positioned in the extra-vascular tissues, or on intra-vascular 
or intra-cardiac electrodes. The leads and can may both be 
inserted under the skin, or either or both the leads and can 
may be mounted on the body surface. 

[0032] FIG. 5 shoWs another monitoring device 110 hav 
ing impedance electrodes 112, ECG electrodes 114, a tem 
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perature sensor 116, and suture ports 118. Additional leads 
120 are provided for remote placement. These auxiliary 
extra-vascular tissue leads 120 are provided for any of the 
electrodes 12, 14 and temperature sensor 16 to place them in 
closer proximity With the desired target(s) to be monitored. 
A needle or the like can be used to guide the leads 120 and 
manipulate them subcutaneously to the desired locations. In 
alternative embodiments, the electrodes, sensors, and/or 
leads may be detachable rather than ?xed to the body of the 
device. 

[0033] In speci?c embodiments, the memory capability of 
the monitoring device 10 is “looping” (?rst in, ?rst out) With 
programmable durations of the “loop” permitting the saving 
of information prior to automatic or patient-activated trig 
gering of the recordings. Programmability Will be such as to 
permit all or only a subset of detected signals to be stored for 
subsequent immediate or later transmission to the body 
surface of the patient, and ultimately to medical personnel 
for interpretation (e.g., by Wireless telephony). For instance, 
the monitoring device 10 can be programmed to save data 
temporally proximate certain events (just before and just 
after), such as an abrupt substantial change in surrogate 
measures of blood ?oW (e.g., impedance or temperature). 

[0034] The patient may be offered a custom-programmed 
hand-held PDA (personal digital assistant) or a similar 
external device 200, as illustrated in FIG. 6. In FIG. 6, the 
monitoring device is inserted under the skin 210 of the 
patient. The patient may use the external device 200 to 
instruct the implanted or inserted monitoring device 10 to 
collect and/or transmit data at such times as the patient feels 
appropriate (e.g., real-time records recorded during a symp 
tom event or looped records saved by transmitted after 
symptoms). The monitoring device 10 may also be pro 
grammed to retain and transmit data automatically When 
certain predetermined physiological boundaries are 
exceeded (e.g., blood ?oW surrogate or heart rate above or 
beloW preset limits). Communication may be automatic or 
initiated by an external user such as a physician or nurse. 

[0035] The monitoring device does not require intra-vas 
cular access. For long-term (Weeks or months) cardiac 
monitoring, this offers previously unavailable data, ease of 
use, and enhanced safety compared to intra-vascular appli 
cations. The result is the ability to assess, at least qualita 
tively, the hemodynamic impact of heart rhythm distur 
bances in free-living individuals. Similarly, the monitoring 
device offers the potential to document heart rhythm and 
tissue blood ?oW surrogates (e.g., tissue impedance, tem 
perature) during periods of hypotension of non-cardiac 
cause, thereby helping to assess the possibility of a cardiac 
and/or vascular cardiac etiology during diagnostic evalua 
tion of patients. This portable diagnostic device is capable, 
Without use of intra-cardiac electrodes, of diagnosing hemo 
dynamic perturbations and ascertaining Whether and to What 
degree they are caused by cardiac rhythm disturbances. At 
the same time, the device can be enhanced by adding 
non-vascular or intra-vascular leads for placing sensors at 
more distance sites in the body, or can be incorporated as a 
diagnostic element Within a conventional cardiac pace 
maker, ICD, or other implanted diagnostic instrument. 

[0036] It is recogniZed that tissue blood How may vary 
With respiration, posture, altered cardiac output, or changes 
in vascular tone. HoWever, for patients in Whom heart 
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monitoring of the type discussed herein is selected (i.e., 
those With suspected arrhythmias or syncope), an abrupt 
substantial change in surrogate measures of blood How may 
reasonably be expected to be due to an arrhythmia or other 
abrupt hypotensive state. Thus, detection of suspected ?oW 
alterations, along With ECG correlation, Will assist physi 
cians in distinguishing Whether cardiac arrhythmias (i.e., 
abnormally sloW or fast heart rates) are responsible for 
hypotensive symptoms or Whether other mechanisms (e.g., 
vasodepressor hypotension Without arrhythmia) are at fault. 
In many instances, hypotension occurs Without evident 
arrhythmia. The present monitoring device is designed to 
detect this type of clinical problem in free-living individuals. 

[0037] From the foregoing, it Will be apparent to those 
skilled in the art that the present invention provides, in 
exemplary non-limiting embodiments, a Wide variety of 
design options for the electrodes, sensors, leads, and the like 
for the monitoring device. Further, those skilled in the art 
Will recogniZe that the present invention may be manifested 
in a variety of forms other than the speci?c embodiments 
described and contemplated herein. Accordingly, departures 
in form and detail may be made Without departing from the 
scope and spirit of the present invention as described in the 
appended claims. 

1-36. (canceled) 
37. A method of monitoring a patient, the method com 

prising: 
coupling a plurality of impedance electrodes to a patient’s 
body to generate an AC current With an electrical ?eld 
to detect local electrical impedance of a portion of the 
patient’s body encompassed by the electrical ?eld, the 
local electrical impedance being a surrogate measure of 
local blood How of the portion of the patient’s body 
Which exhibits pulsation of blood corresponding to the 
local electrical impedance betWeen the impedance elec 
trodes; and 

inserting at least a portion of a portable monitoring device 
including the impedance electrodes subcutaneously 
into the patient’s body. 

38. The method of claim 37 Wherein the impedance 
electrodes are placed in proximity to a target region of the 
patient’s body to be monitored. 

39. The method of claim 38 Wherein the impedance 
electrodes are placed Within less than about 5 cm of the 
target region of the patient’s body to be monitored. 

40. The method of claim 37 Wherein the impedance 
electrodes are applied to a muscle of the patient’s body to be 
monitored. 

41. The method of claim 37 further comprising position 
ing tWo of the impedance electrodes near an artery and 
spacing the impedance electrodes in a direction generally 
parallel to the artery. 

42. The method of claim 37 further comprising position 
ing tWo of the impedance electrodes near an artery and 
spacing the impedance electrodes in a direction generally 
transverse across the artery. 

43. The method of claim 37 further comprising measuring 
local tissue temperature of the patient’s body. 

44. The method of claim 43 further comprising monitor 
ing the measured local tissue temperature for an abrupt local 
temperature change as potential indication of an acute 
change in local blood ?oW. 
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45. The method of claim 37 further comprising measuring 
ECG data of the patient. 

46. The method of claim 45 further comprising: 

correlating the measured ECG data of the patient With the 
measured local electrical impedance of the patient as a 
surrogate measurement of blood How. 

47. The method of claim 37 further comprising transfer 
ring information obtained by the impedance electrodes to an 
external device disposed outside the patient’s body. 

48. The method of claim 37 further comprising generating 
a Warning based on the detected information. 

49. The method of claim 37 further comprising storing 
physiological information obtained by detecting the local 
electrical impedance by the impedance electrodes. 

50. The method of claim 49 Wherein the physiological 
information is stored based on instructions delineating cri 
teria for data to be stored. 

51. The method of claim 49 Wherein the physiological 
information is stored proximate to an event based on infor 
mation detected by the impedance electrodes or patient 
activated triggering. 

52. The method of claim 37 further comprising coupling 
auxiliary leads to the impedance electrodes and positioning 
the auxiliary leads in a target location in the patient’s body. 

53. The method of claim 37 Wherein the portion of the 
patient’s body encompassed by the electrical ?eld includes 
at least one of an artery, muscle, or tissue Which exhibits 
pulsation of blood corresponding to the local electrical 
impedance betWeen the impedance electrodes. 

54. The method of claim 37 further comprising: 

monitoring a change in the measured local impedance; 
and 

obtaining a pulsatile blood Volume change in the portion 
of the patient’s body encompassed by the electrical 
?eld based on the change in the measured local imped 
ance. 

55. The method of claim 54 Wherein the change in the 
pulsatile blood Volume change in the portion of the patient’s 
body encompassed by the electrical ?eld is proportional to 
the change in the measured local impedance. 
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56. A method of monitoring a patient, the method com 
prising: 

coupling a plurality of impedance electrodes to a patient’s 
body to generate an AC current With an electrical ?eld 
to detect local electrical impedance of a portion of the 
patient’s body encompassed by the electrical ?eld; 

monitoring a change in the measured local impedance; 
and 

obtaining a pulsatile blood Volume change in the portion 
of the patient’s body encompassed by the electrical 
?eld based on the change in the measured local imped 
ance. 

57. The method of claim 56 Wherein the impedance 
electrodes are placed Within less than about 5 cm of a target 
region of the patient’s body to be monitored. 

58. The method of claim 57 Wherein the impedance 
electrodes are placed Within less than about 5 cm of an artery 
in the target region. 

59. A method of monitoring a patient, the method com 
prising: 

coupling a plurality of impedance electrodes to a patient’s 
body to generate an AC current With an electrical ?eld 
to detect local electrical impedance of a portion of the 
patient’s body encompassed by the electrical ?eld, the 
local electrical impedance being a surrogate measure of 
local blood How of the portion of the patient’s body; 

measuring ECG data of the patient; and 

correlating the measured ECG data of the patient With the 
measured local electrical impedance of the patient as a 
surrogate measurement of blood How. 

60. The method of claim 59 Wherein the impedance 
electrodes are placed Within less than about 5 cm of a target 
region of the patient’s body to be monitored. 

61. The method of claim 60 Wherein the impedance 
electrodes are placed Within less than about 5 cm of an artery 
in the target region. 


