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7) ABSTRACT

Systems and techniques for monitoring hydration. In one
implementation, a method includes measuring an electrical
impedance of a region of a subject to generate an impedance
measurement result, and wirelessly transmitting the data to
a remote apparatus. The probe with which impedance is
measured may in the form of a patch adhesively secured to
the subject.
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HYDRATION MONITORING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application Ser. No. 60/496,558 filed Aug. 20, 2003 and
entitled “METHOD AND APPARATUS FOR MONITOR-
ING PULMONARY EDEMA USING BIOIMPEDANCE”
and the priority of U.S. Provisional Application Ser. No.
60/570,852 filed May 13, 2004 and entitled “METHOD
AND APPARATUS FOR AMBULATORY HYDRATION
MONITORING,” the contents of both of which are incor-
porated herein by reference.

BACKGROUND

[0002] This disclosure relates to monitoring the hydration
of organisms.

[0003] Many species of organisms are largely water. The
amount and/or disposition of water in an individual organ-
ism (i.e., the hydration of the organism) is often correlated
with the health of the individual organism. For example, an
excess or a scarcity of water can be indicative of acute
and/or chronic disease states.

[0004] One example of such an acute disease state is acute
dehydration. Dehydration is the excessive depletion of body
water. There are a number of causes of acute dehydration
including heat exposure, prolonged vigorous exercise, and
diuretics. For example, the US Air Force Field Manual (FM
3-04.301- Aecromedical Training for Flight Personnel)
describes that when ambient temperature is increased above
82-84° F., sweat production by humans increases abruptly
and dehydration may result. Humidity can also impact sweat
production and lead to dehydration. For example, with 115°
F. and 10% humidity, a human can function normally with
water and salt replenishment. However when humidity is
80%, the same person can become incapacitated within 30
minutes at 115° F. due to excessive depletion of body water.

[0005] One example of a chronic disease state associated
with an excess of water is pulmonary edema. Pulmonary
edema is the extravascular accumulation of fluid in the
lungs. There are a number of causes of pulmonary edema
including mitral stenosis or left ventricular failure. Pulmo-
nary edema can be associated with congestive heart failure.

[0006] Another example of such a chronic disease state is
hyperhydration. Hyperhydration is a state in which the body
includes an excessive amount of water. In patients under-
going kidney dialysis, hyperhydration may lead to hyper-
tension and increased mortality.

SUMMARY

[0007] Accordingly, this disclosure describes systems and
techniques for monitoring the hydration of an organism.
Hydration can be monitored, e.g., to identify dehydration or
other disease state of the organism.

[0008] Inoneimplementation, a device includes a portable
hydration monitoring probe dimensioned to be continuously
borne by an organism. The probe includes a supply of
electrical power, an electrode to exchange electrical energy
from the supply with a local portion of the organism bearing
the probe, a controller to generate data representing a result
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of the hydration monitoring, the result reflecting a local
bioelectric impedance based on the exchange of electrical
energy at the electrode, and a data communication device
configured to wirelessly communicate the data representing
the hydration monitoring result to a remote apparatus.

[0009] This and other implementations can include one or
more of the following features. The portable hydration
monitoring probe can include a patch probe.

[0010] These and other systems and techniques can be
implemented to realize one or more of the following advan-
tages. Hydration can be monitored to identify a variety of
discase states. Monitoring can be long term, using portable
probes dimensioned to be borne by the monitored organism.
The impact of skin surface temperature on hydration mea-
surements can be considered when analyzing hydration
monitoring results. Hydration monitoring results can be
communicated using wireless communication links that do
not hinder the mobility of ambulatory subjects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows a probe for monitoring the hydration
of an organism.

[0012] FIG. 2 shows a bioelectric impedance spectros-
copy probe for monitoring the hydration of an organism.

[0013] FIG. 3 shows a bandage bioelectric impedance
spectroscopy probe.

[0014] FIGS. 4A and 4B illustrate example deployments
of a bioelectric impedance spectroscopy probe and a ban-
dage probe to monitor hydration.

[0015] FIGS. 5 and 6 show a portable strap bioelectric
impedance spectroscopy probe.

[0016] FIGS. 7, 8A, 8B, 8C, 9A, and 9B illustrate
example deployments of a strap probe to monitor hydration.

[0017] FIGS. 10A and 10B show other strap bioelectric
impedance spectroscopy probes.

[0018] FIG. 10C shows a graph of example hydration
monitoring results that can be obtained using a bioelectric
impedance monitor and a skin temperature thermometer.

[0019] FIG. 11 shows a system for monitoring the hydra-
tion of an organism.

[0020] FIG. 12 shows a data collection apparatus that is
usable in a system for monitoring the hydration of an
organism.

[0021] FIG. 13 shows another system for monitoring the
hydration of an organism.

[0022] FIG. 14 shows another system for monitoring the
hydration of an organism.

[0023] FIG. 15 shows an example of a model equivalent
circuit that can be used in monitoring the hydration of an
organism.

[0024] FIG. 16 illustrates an example deployment of
multiple strap probes to monitor hydration.

[0025] FIG. 17 shows another system for monitoring the
hydration of an organism.
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DETAILED DESCRIPTION

[0026] FIG. 1 shows a probe 100 for monitoring the
hydration of an organism. Probe 100 includes a body 105, an
energy source 110, and a sensing circuit 115. Body 105 can
be a flexible member in that it can be contoured to follow the
skin surface or other portion of an organism, such as, for
example, a patch or strap. Body 105 supports probe/organ-
ism interfaces 120, 125, 130, 135 which apply or exchange
energy with the subject and which sense energy exchange
parameters in a way to measure the impedance of a region
of the subject. In most embodiments, interfaces 120,
125130, 135 will be electrodes adapted to exchange elec-
trical energy with a human, although some optical element
adapted to illuminate a human may also be possible. Typi-
cally, two of the interfaces 120, 125 are used to force current
flow from one point on the subject to a second point on the
subject. The other two interfaces 130, 135 are used to
measure the voltage across two points on the subject. It may
be noted that the current application points and the voltage
measurement points in these embodiments can be the same,
adjacent to one another, or at significantly different loca-
tions.

[0027] Energy source 110 can be, ¢.g., an optical energy
source or an electric energy source. For example, energy
source can be an alternating and/or direct current and/or
voltage source. Energy source 110 is connected to inputs
120, 125 by leads 140, 145. Leads 140, 145 can conduct
energy generated by source 110 for exchange with the
portion of the organism coupled to main body 105. For
example, leads 140, 145 can be electrical wires capable of
carrying an electric current for exchange with the portion of
the organism, or leads 140, 145 can be optical waveguides
capable of carrying light for exchange with the portion of the
organism followed by main body 105.

[0028] In one electrical embodiment, a sensing circuit 115
comprises a differential amplifier connected to electrodes
120, 125 by leads 140, 145 and to clectrodes 130, 135 by
leads 150, 155. Leads 140, 145 can conduct voltage across
source 110 to amplifier 115. Leads 150, 155 can conduct
voltage across electrodes 130, 135 as another input to the
amplifier 115. Amplifier 115 can sense voltages across
electrodes 130, 135 and electrodes 120, 125 to generate one
or more results 160. It will be appreciated that amplifier 115
could be implemented as two or more amplifiers that sepa-
rately sense relative voltages across any desired electrode
pairs. Current sensing could also be implemented to directly
measure the current output from source 110.

[0029] In operation, main body 105 flexes to follow a
portion of an organism and maintain inputs 120, 125 and
outputs 130, 135 so that they can exchange energy with the
followed portion. Source 110 generates one or more types of
energy that is conducted over leads 140, 145 through inter-
faces 120, 125 and exchanged with the followed portion of
the organism. In turn, interfaces 130, 135 sense one or more
energy exchange parameters from the followed portion.
Sensing circuit 115 generates a result 160 based on the
sensed signals. Result 160 reflects, at least in part, the
hydration of the monitored organism.

[0030] Probe 100 can generate result(s) 160 continuously
or intermittently over extended periods of time. For
example, result 160 can be a subset of the comparisons of the
sensed parameters at interfaces 130, 135 with the amount of
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energy input at inputs 120, 125, or result 160 can be all such
comparisons. For example, result 160 can be intermittent
samples of voltages from the results of continuous applica-
tion of a substantially constant current. As another example,
result 160 can be periodic (e.g., every 5 to 30 minutes, such
as every 10 minutes) results of successive, shorter duration
current applications.

[0031] FIG. 2 shows one implementation of a probe for
monitoring the hydration of an organism, namely a bioelec-
tric impedance spectroscopy probe 200. Bioelectric imped-
ance spectroscopy is a measurement technique in which the
electrical conductivity of all or a portion of an organism is
measured. When the conductivity of the entirety of an
organism is measured such as by passing current from one
ankle to an opposite wrist or between both hands, this can be
referred to as whole body bioelectric impedance spectros-
copy. When the conductivity of a portion of an organism is
measured such as by a cluster of more locally placed
electrodes, this can be referred to as segmental (or regional)
bioelectric impedance spectroscopy. In either case, the mea-
sured electrical conductivity can reflect the hydration of the
measured organism or the measured portion of the organism.

[0032] Bioelectric impedance spectroscopy generally
involves the exchange of electrical energy with the organ-
ism. The exchanged electrical energy can include both
alternating current and/or voltage and direct current and/or
voltage. The exchanged electrical energy can include alter-
nating currents and/or voltages that alternate at one or more
frequencies. For example, the alternating currents and/or
voltages can alternate at one or more frequencies between
100 Hz and 1 MHz, preferably at one or more frequencies
between 5 KHz and 250 KHz.

[0033] Different frequencies of electrical energy can be
used to measure conductivity in different portions of the
organism. For example, in some organisms, lower frequency
electrical energy may be conducted preferentially through
tissues having fewer membranous components whereas
higher frequencies may be conducted through a larger vari-
ety of tissues. In many cases, it is advantageous to make
impedance measurements at two or more different frequen-
cies in the same region. As explained further below, DC
measurements can help characterize impedance over the
skin surface. Thus, measurements at different frequencies
made by a single probe can provide information regarding
both the amount and disposition of water within a probed
organism or within a probed portion of the organism.

[0034] Referring again to FIG. 2, bioelectric impedance
spectroscopy probe 200 includes a body 205, a current
source 210, a digital-to-analog converter 215, an amplifier
220, an analog-to-digital converter 225, a memory 230, and
a controller 235. Body 205 is a flexible member that
supports two working electrodes 245, 250 and two sensing
electrodes 255, 260. Body 205 can be flexible enough to
follow a portion of the human body to maintain electrodes
245,250,255, 260 in contact with that portion. The followed
portion can include skin surfaces, mucosal surfaces in the
mouth and/or nasal passages, and other body passages or
orifices. Body 205 can be sized to probe the conductivity of
the entirety of an organism and thus perform whole body
bioelectric impedance spectroscopy. In some advantageous
embodiments described in detail herein, body 205 is sized to
probe the conductivity of a portion of an organism and thus
perform segmental bioelectric impedance spectroscopy.
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[0035] Working electrodes 245, 250 can be adapted to
conduct current through or along the probed portion of the
monitored organism. Sensing electrodes 255, 260 can be
adapted to measure the potential of locations in the probed
portion of the monitored organism. Electrodes 245, 250,
2585, 260 are generally electrically conductive in that their
electrical impedance is relatively small when compared to
the electrical impedance of the monitored portion of an
organism at the probed frequency. For example, electrodes
245, 250, 255, 260 can include metals, sintered metallic
composites, conductive polymers, gels, carbon-based mate-
rials, silicon materials, electrically conductive microneedles,
conductive solutions, or combinations thereof. In one imple-
mentation, electrodes 245, 250, 255, 260 are electrically
conductive adhesive gel electrodes such as the RED DOT
electrodes available from 3M Corp. (St. Paul, Minn.).

[0036] Electrodes 245, 250, 255, 260 can be supported by
body 205 on the outer surface of the skin of a monitored
organism. Alternatively, electrodes 245, 250, 255, 260 can
be supported by body 205 beneath the skin of a monitored
organism. For example, electrodes 245, 250, 255,260 can be
supported subdermally or electrodes 245, 250, 255, 260 can
be supported on transdermal elements such as microneedles
that penetrate the skin. When placed on the skin surface,
electrodes 245, 250, 255, 260 can advantageously be each
supported by body 205 at positions that are separated from
one another by more than approximately ten times the
thickness of the skin. When hydration is monitored in
humans, electrodes 245, 250, 255, 260 that are above the
skin can each generally be supported at positions that are
separated from one another by more than 2.5 millimeters. In
one implementation, the distance between working elec-
trodes 245, 250 is greater than 1 cm. For embodiments that
include a localized cluster of electrodes on one or more
patches secured to the skin, the distance between electrodes
is advantageously less than about 25 c¢cm so that the imped-
ance measurement is focused regionally on the subject. Such
regional measurements have been found to produce useful
data that can be generated and distributed with convenient
apparatus.

[0037] In one implementation, working electrodes 245,
250 are different than sensing electrodes 255, 260. For
example, working electrodes 245, 250 can be larger than
sensing electrodes 255, 260 and/or made from different
materials.

[0038] Current source 210 is a source of alternating and/or
direct electrical current. As deployed in probe 200, current
source 210 can drive electrical current from working elec-
trode 245 to working electrode 250 through and/or along a
monitored organism. In one implementation, current source
210 is capable of driving between 10 microamperes and 10
milliamperes, preferably between 100 microamperes and 1
milliamperes, of one or more frequencies of alternating
and/or direct current through or along electrical impedances
characteristic of humans. Typically, current is held at a
known or measured substantially constant value, and voltage
is measured to provide an impedance value. It is also
possible to apply a constant voltage and measure the amount
of current. Digital-to-analog converter 215 can be an inte-
grated circuit or other electronic device that converts a
digital signal into a corresponding analog signal. As
deployed in probe 200, digital-to-analog converter 215 can
convert digital control signals from controller 235 into
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analog control signals to control the output of electrical
current from current source 210.

[0039] Amplifier 220 can be a differential voltage ampli-
fier in that it amplifies a voltage difference on sensing
electrodes 255, 260. This voltage difference results from
current source 210 driving electrical current from working
electrode 245 to working electrode 250 through and/or along
the monitored organism. Analog-to-digital converter 225
can be an integrated circuit or other electronic device that
converts this sensed voltage difference into a corresponding
digital signal for reading by controller 235 and/or storage in
memory 230.

[0040] Memory 230 can be a data storage device that can
retain information in machine-readable format. Memory 230
can be volatile and/or nonvolatile memory. For example,
memory 230 can be a RAM device, a ROM device, and/or
a memory disk.

[0041] Controller 235 is a device that manages the gen-
eration and flow of data in probe 200. Controller 235 can be
hardware configured to perform select operations or a data
processing device that performs operations in accordance
with the logic of a set of machine-readable instructions. In
some implementations, controller can receive information
related to the management of the generation and flow of data
in probe 200 via one or more input devices. In some
implementations, controller 235 can output information
from probe 200 via one or more output devices. Custom
ASICs or gate arrays can be used, as well as commercially
available microcontrollers from, for example, Texas Instru-
ments and Motorola.

[0042] The operations performed by controller 235 can
include regulating the timing of hydration measurements
and the timing of the transmission of hydration measurement
results, logic operations, signal processing, and data analy-
sis. For example, data analysis can be used to determine the
bioelectric impedance of portions of a monitored organism.
For example, equivalent circuit impedance analysis in the
time or frequency domain can be performed. Instructions for
performing such operations can be stored in a read only
memory portion of memory 230, temporary values gener-
ated during such operations can be stored in a random access
portion of memory 230, and the results of operations can be
stored in a non-volatile portion of memory 230.

[0043] 1In operation, current source 210 drives one or more
frequencies of alternating and/or direct current between
working electrodes 245, 250 and through the subject organ-
ism. Amplifier 220 buffers and amplifies the potential dif-
ference between sensing electrodes 255, 260. Analog-to-
digital converter 225 converts this signal into a digital form
that can be received by controller 235 for storage at memory
230, as appropriate. In some implementations, controller
235 may control source 210 to change the frequency and/or
magnitude of current generated. The control of source 210
can be performed in light of the magnitude of the signal(s)
output by amplifier 220 and/or in light of instructions
received by controller 235 over one or more input devices.

[0044] FIG. 3 shows one implementation of a portable
bioelectric impedance spectroscopy probe, namely a ban-
dage (or “patch”) probe 300. Probe 300 can be self-powered
in that main body 205 includes (in addition to electrodes
245, 250, 255, 260) a portable power source, such as a
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battery 305. Probe 300 is portable in that probe 300 can be
moved from a fixed location and is adapted to perform at
least some of the signal generation and processing, control,
and data storage functions of current source 210, a digital-
to-analog converter 215, an amplifier 220, an analog-to-
digital converter 225, a memory 230, and a controller 235
without input from a fixed device. For example, probe 300
can be borne by the monitored organism. Circuitry 310 can
be, e.g., an application specific integrated circuit (ASIC)
adapted to perform these functions. Circuitry 310 can also be
a data processing device and/or one or more input/output
devices, such as a data communication device.

[0045] Main body 205 also advantageously includes an
adhesive 315. Adhesive 315 can be adapted to adhere to the
skin surface of the monitored organism and thereby maintain
electrodes 245, 250, 255, 260 in contact with the portion of
an organism followed by main body 205.

[0046] A portable probe 300 allows a monitored organism
to be ambulatory while hydration monitoring occurs. This
allows for data collection to be extended beyond periods of
confinement. Thus, hydration monitoring can be continued
while an organism participates in various activities at dif-
ferent locations, over durations suitable for identifying the
onset of disease states.

[0047] FIGS. 4A and 4B respectively illustrate example
deployments of bioelectric impedance spectroscopy probe
200 and bandage probe 300 to monitor hydration. FIG. 4A
shows a pair of probes 200 deployed along a steering wheel
400 so that a driver’s hands will come into intermittent
electrical contact with one or both of probes 200. During this
intermittent contact, the driver’s hydration can be moni-
tored.

[0048] FIG. 4B shows bandage probe 300 deployed to
adhere to the torso of person 405. Bandage probe 300 is
sized to probe the conductivity of a portion of person 405.
In particular, bandage probe 300 adheres to the front chest
of person 405 with one end located in the vicinity of the
xiphoid process. Bandage probe 300 extends axially and
downward from the xiphoid process towards the lateral side
of person 405.

[0049] This positioning of bandage probe 300 may facili-
tate the monitoring of hydration in the underlying tissue and
lung, as well as the identification of disease states such as
pulmonary edema.

[0050] FIGS. 5 and 6 show another implementation of a
bioelectric impedance spectroscopy probe, namely a por-
table strap probe 500. Main body 2035 of strap probe 500 is
astrap or a belt that can form a loop to encircle the body, or
a portion of the body, of a monitored individual. Such an
encirclement can maintain electrodes 245, 250, 255, 260 in
contact with the encircled portion. In addition to working
electrodes 245, 250, two sets of sensing electrodes 255, 260,
battery 305, and circuitry 310, main body 205 also includes
a data communication device 505 having a transceiver 510.
Data communication device 505 can be a wireless commu-
nication device that can exchange information between
circuitry 310 and an external entity. Wireless data link 1125
can carry information using any of a number of different
signal types including electromagnetic radiation, electrical
signals, or acoustic signals. For example, data communica-
tion device 505 can be a radio frequency communication
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device. Transceiver 510 can be an assembly of components
for the wireless transmission and reception of information.
The components can include, e.g., an RF antenna. The
wireless receiver/transmitter circuitry can be made part of
any embodiment described herein.

[0051] The two sets of sensing electrodes 255, 260 can be
used to measure hydration at different locations on a moni-
tored individual. For example, when working electrodes
245, 250 drive current through and/or along the surface of
the encircled portion of a monitored individual, the potential
differences between all sensing electrodes 255, 260 can be
used to gain information about the conduction of current in
the vicinity of electrodes 255, 260. A measurement of
multiple potential differences between more than two sens-
ing electrodes 255, 260 can also be used, e.g., to make cross
measurements and ratiometric comparisons that can be used
to monitor hydration while aiding in calibration and helping
to account for measurement variability such as temperature
changes, changes in the position of the monitored individual,
and movement of strap probe 500 over time.

[0052] FIGS. 7, 8A, 8B, 9A, and 9B illustrate example
deployments of implementations of strap probe 500 to
monitor hydration in a person 405. In FIG. 7, strap probe
500 is sized to encircle the torso of person 405 and is
deployed to probe the conductivity of the torso of person
405. Such a positioning of strap probe 500 may facilitate the
monitoring of hydration in the underlying tissue and lung, as
well as the identification of disease states such as pulmonary
edema.

[0053] InFIG. 8A, strap probe 500 is sized to encircle the
thigh of person 405 and is deployed to probe the conduc-
tivity of the thigh of person 405. Such a positioning of strap
probe 500 may facilitate the monitoring of hydration in the
underlying tissue, as well as the identification of disease
states such as acute or chronic dehydration.

[0054] In FIG. 8B, strap probe 500 is sized to encircle the
lower leg of person 405 and is deployed to probe the
conductivity of the lower leg of person 405. As shown, strap
probe 500 encircles the ankle, but strap probe 500 can also
encircle the foot, the calf, or a toe to probe the conductivity
of the lower leg. Such a positioning of strap probe 500 may
facilitate the monitoring of hydration in the underlying
tissue, as well as the identification of disease states such as
congestive heart failure where water accumulates in the
lower legs.

[0055] 1In FIG. 8C, strap probe 500 is sized to encircle the
bicep of person 405 and is deployed to probe the conduc-
tivity of the bicep of person 405. Such a positioning of strap
probe 500 may facilitate the monitoring of hydration in the
underlying tissue, as well as the identification of disease
states such as acute or chronic dehydration.

[0056] In FIG. 9A, strap probe 500 is incorporated into a
pair of pants 905 and sized to encircle the torso of person
405 to probe the conductivity of the torso of person 405.
Incorporating a probe 500 into pants 905 may reduce the
intrusiveness of probe 500 and help ensure that a monitored
individual deploys probe 500.

[0057] 1In FIG. 9B, strap probe 500 is incorporated into a
sock 910 and sized to encircle the lower leg of person 405
to probe the conductivity of the lower leg of person 405.
Incorporating a probe 500 into sock 910 may reduce the
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intrusiveness of probe 500 and help ensure that a monitored
individual deploys probe 500.

[0058] As discussed further below, in some deployments,
multiple probes at different locations may be used to monitor
the hydration of a single individual. The measurement
results from the different probes can be compared and
correlated for calibration and error minimization. Other
techniques that measure biological parameters can also be
used in conjunction with single or multiple probes. The
biological parameter measurements can be compared and
correlated with the probe measurements to calibrate the
measurements and minimize the error associated with the
measurements. As one example, bioelectric impedance mea-
surements made using a QUANTUM X body composition
analyzer (RJL Systems, Inc., Clinton Twp., MI) and/or a
Hydra 4200 bioimpedance analyzer (Xitron Technologies
Inc., San Diego, Calif.) can be compared and correlated with
probe measurements.

[0059] As another example, skin temperature measure-
ments can be used in monitoring the hydration of an indi-
vidual. In general, skin surface temperature will change with
changes in blood flow in the vicinity of the skin surface of
an organism. Such changes in blood flow can occur for a
number of reasons, including thermal regulation, conserva-
tion of blood volume, and hormonal changes. In one imple-
mentation, skin surface measurements are made in conjunc-
tion with hydration monitoring so that changes in apparent
hydration levels, due to such changes in blood flow, can be
considered.

[0060] In some deployments, one or more probes can be
moved to different portions of a single individual over time
to monitor the hydration of the individual. For example, a
probe can monitor the hydration of an individual at a first
location (e.g., the torso) for a select period (e.g., between
about 1 to 14 days, or about 7 days), and then the same probe
can be moved to a different location (e.g., the thigh) to
monitor the hydration of the same individual for a subse-
quent time period. Such movement of a probe can extend the
lifespan of a probe and increase the type of information
gathered by the probe. Further, movement of the probe can
minimize surface adhesion loss and any decrease in hygiene
associated with the monitoring.

[0061] The movement of a probe such as probe 500 to a
new location on the body, or the attachment of a new probe
at a different location, may result in a change in baseline
impedance measurements even when the hydration of the
monitored organism has not changed. A baseline measure-
ment is a standard response to hydration monitoring. The
standard response can be indicative of the absence of a
discase state or of the absence of progression in a disease
state. Changes in the baseline impedance measurements can
result from changes in factors unrelated to a discase state.
For example, changes in the baseline impedance measure-
ments can result from different skin thicknesses, body com-
positions, or other differences between two locations. Mea-
surements made at the different locations can be normalized
to account for such differences in baseline measurements.
Such a normalization can include adjustments in gain and/or
adjustments in offset. Gain adjustments may be based on the
absolute value of the impedance measurement(s), the imped-
ance difference(s) observed at the old and the new locations,
or combinations thereof. Offset adjustments can generally be
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made after gain adjustments and can be based on absolute
impedance values and/or other factors. Alternatively, analy-
sis thresholds used to identify discase states can be adjusted.

[0062] Insome implementations, the monitored individual
may be placed in a non-ambulatory state (e.g., supine and
resting) in order to acquire directly comparable baseline
measurements at different locations. Multiple probes need
not be attached to the same organism in order to normalize
baseline measurements. For example, hydration measure-
ment results obtained using a first probe at a first location
can be stored and compared with hydration measurement
results obtained later using a second probe at a second
location. This can be done, .g., when the time between the
collection of the results at the first location and the collection
of the results at the second location is relatively short, €.g,,
less than 1 hr. If the replacement patch is not attached to the
patient within this period, comparison of bioelectric imped-
ance values to other calibration standards, e.g., body weight
and body weight change, urine specific gravity, blood osmo-
lality, can also be used for such comparisons.

[0063] FIG. 10A shows another implementation of a strap
probe, namely a strap probe 1000. In addition to electrodes
245, 250, 255, 260, battery 305, circuitry 310, data com-
munication device 505, and transceiver 510, main body 205
also includes an output device 1003. Output device 1005 can
be a visual display device (such as a light emitting diode or
a liquid crystal display), an audio output device (such as a
speaker or a whistle), or a mechanical output device (such as
a vibrating element).

[0064] In operation, output device 1005 can present infor-
mation regarding the hydration monitoring to a monitored
individual. The presented information can be received by
output device 1005 from circuitry 310 and can indicate
monitoring results and/or alerts. Monitoring results can
include the current hydration state of an individual as well
as indications that certain disease states, such as acute
dehydration, are present or imminent. Monitoring alerts can
include indications of current or imminent apparatus mal-
function, such as loss of contact between any of electrodes
245, 250, 255, 260 and the monitored individual, a lack of
available memory, loss of a data communication link, or low
battery levels.

[0065] FIG. 10B shows another implementation of a strap
probe, namely a strap probe 1010. In addition to electrodes
245, 250, 255, 260, battery 303, circuitry 310, data com-
munication device 505, and transceiver 510, main body 205
also includes a skin temperature thermometer 1015. Ther-
mometer 1015 can be a temperature sensing element that
senses temperature in ranges encountered on the skin surface
of the monitored organism. Thermometer 1015 can be, ¢.g,,
a thermister, a thermocouple, a mechanical thermometer, or
other temperature-sensing device. This temperature sensor
can be part of any probe embodiment described herein.

[0066] In operation, thermometer 1015 can present infor-
mation regarding skin surface temperature to circuitry 310.
The presented information can be used by circuitry 310 to
perform data analysis and other aspects of hydration moni-
toring. Circuitry 310 can also transmit all or a portion of the
temperature information to other devices using, e.g., data
communication device 5035 and transceiver 510.

[0067] With measurements of hydration and temperature
at in the same vicinity of an organism, changes in apparent
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hydration levels due to changes in skin surface blood flow
can be identified and accommodated in data analyses.

[0068] FIG. 10C shows a graph 1020 of example hydra-
tion monitoring results that were obtained using a bioelectric
impedance monitor and a skin temperature thermometer.
Graph 1020 shows the observed impedance 1025 of a region
on the thigh of a monitored individual as a function of skin
temperature 1030. Graph 1020 includes a pair of traces
1035, 1040. Trace 1035 shows the impedance measured with
an electrical energy input signal having a frequency of 20
kHz, whereas trace 1040 shows the impedance measured
with an electrical energy input signal having a frequency of
100 kHz.

[0069] Traces 1035, 1040 were obtained as follows. Four
Red Dot electrodes (3M Corp., St. Paul, Minn.) were arrayed
in a linear axial fashion upon the front of a thigh of a 42 yr
old male subject weighing 201.3 pounds. The subject
reclined in a supine position for 30 minutes in a room at
ambient temperature (74° F.). The bioelectric impedance of
the thigh at 20 kHz and 100 kHz was then measured with the
subject in the supine position. The measured impedance of
the thigh was 45.36 ohms at 20 kHz and 30.86 ohms at 100
kHz. The skin surface temperature of the thigh was then
measured using an infrared thermometer (Thermoscan,
Braun GmbH, Kronberg, Germany). The measured tempera-
ture was 89.0° F. The subject then jogged six miles, taking
approximately 90 minutes. The subject was then weighed.
The measured weight was 197.6 pounds, indicating a loss of
body water of about 3.5 pounds, or about 1.7%. The subject
then returned to the supine position in the ambient tempera-
ture room. The bioelectric impedance of the thigh at 20 kHz
and 100 kHz was then measured periodically, as was skin
surface temperature of the thigh.

[0070] Traces 1035, 1040 represent the results of these
measurements. [nitially, the measured bioelectric impedance
at both 20 kHz and 100 kHz was lower than before jogging
and the measured temperature was higher than before jog-
ging. In other words, the measured bioelectric impedance at
both 20 kHz and 100 kHz decreased as skin temperature in
the vicinity of the bioelectric impedance measurement
increased.

[0071] The observed changes in skin temperature are
believed to result, at least in part, from local vasodilation as
the body sheds excess heat generated during exercise. Such
changes in vasodilation appear to decrease local impedance.

[0072] Over time, both the measured impedance and tem-
perature moved in the direction of the values observed
before jogging. The movement showed a linear relationship
between measured impedance and measured skin tempera-
ture at both 20 kHz and 100 kHz. This relationship can be
used to accommodate the impact of skin surface temperature
on hydration monitoring results, as discussed further below.
If desired, local vasodilation or vasoconstriction can be
measured by other or additional methods such as with
optical methods. A vasodilation parameter, whether mea-
sured or calculated via a temperature measurement or some
other means may be used to correct absolute impedance
measurements to appropriately determine impedance
changes over time due to hydration changes.

[0073] At the end of the recovery period, the measured
impedance of the thigh was 50.27 ohms at 20 kHz and 34.30
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ohms at 100 kHz, for a net increase in impedance of 4.91
ohms (10.8%) at 20 KHz and 3.44 ohms (11.1%) at 100
KHz. Similar results have been observed with other subjects
and other test conditions.

[0074] This approximately 11% net increase in measured
bioelectric impedance at 20 kHz and 100 kHz is believed to
reflect the water loss associated with the observed decrease
in body weight (ie., the decrease of about 1.7%).

[0075] The measurement results in traces 1035, 1040 can
be used by circuitry 310 to perform data analysis and other
aspects of hydration monitoring. For example, the impact of
skin surface temperature on hydration monitoring results can
be accommodated. In one example, the relationship between
bioelectric impedance and temperature illustrated by traces
1035, 1040 can be used to compare hydration monitoring
results obtained at different skin surface temperatures. For
example, with a skin surface temperature of 90.5° F., the
measured impedance at 20 kHz was 47.9 ohms. In order to
compare this impedance measurement with impedance mea-
surements made at a skin surface temperature of 89° F., the
measured impedance can be adjusted by taking the differ-
ence between the two temperatures (i.e., 89° F.-90.5° F.) of
-1.5° F. and multiplying this difference by the measured
dependence of impedance at 20 kHz on temperature (i.c., the
slope of -1.8052) to generate an adjustment value of 2.71
ohms. The adjustment value can be added to the impedance
at 20 kHz measured with a skin surface temperature of 90.5°
F. (ie., 47.9+42.71) to yield an impedance that is comparable
with impedance measurements made at 20 kHz with a skin
surface temperature of 89° F. (i.e., 50.6 ohms). As seen, this
adjusted impedance is consistent with the impedance actu-
ally measured at this skin surface temperature (i.c., 50.27
ohms).

[0076] Such combinations of skin surface temperature
measurements and hydration monitoring results can be used
to improve hydration monitoring. For example, bioelectric
impedance measurements can be adjusted based on local
skin surface temperature measurements made in the vicinity
of the probe. This can improve the predictive value of
impedance measurements, even relative to whole body
impedance measurements where impedance measurement
that reflect the electrical impedance through the entire body
may not precisely correlate with temperature measurements
made at one or two body locations.

[0077] Factors unrelated to hydration may influence local
skin surface temperature measurements. These factors
include the rate of convective cooling, the wind velocity, the
presence of thermal insulation such as clothing, and ambient
temperature gradients. Such factors that tend to influence
heat exchange between the portion of the body of interest
and the environment may be accounted for directly (e.g.,
using additional temperature or humidity sensors) or indi-
rectly (e.g., using standard tables and known values applied
to parameters such as the thickness of insulating clothing).
The accounting for such factors can include adjustments to
the local temperature used to compare hydration monitoring
results.

[0078] In some implementations, hydration monitoring
results obtained at portions of a monitored organism that
have a known temperature relationship with another portion
where skin surface measurement(s) are made can be
adjusted based on that known relationship. Also, other
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factors including weight, height, age, general fitness level,
degree of exertion, time of day, stage in a hormonal cycle,
and gender can also be used to adjust hydration monitoring
results and improve the predictive value of such results.

[0079] FIG. 11 shows a system 1100 for monitoring the
hydration of an organism. System 1100 includes one or more
probes 100 along with one or more data collection apparatus
1105, a data management system 1110, an input/output
device 1115, and a data storage device 1120. Probe 100
includes a wireless data communication device 305 that is
capable of establishing a wireless data link 1125 with data
collection apparatus 1105. Wireless data link 1125 can
transmit data using any of a number of different signals
including electromagnetic radiation, electrical signals, and/
or acoustic signals. When probe 100 is subdermal, data link
1125 can be a transdermal link in that data link 1125
conducts data along a path through the skin.

[0080] The data communicated along wireless data link
1125 can include a probe identifier. A probe identifier is
information that identifies probe 100. Probe 100 can be
identified, e.g., by make or model. Probe 100 can also be
identified by a unique identifier that is associated with a
single individual probe 100. The probe identifier can include
a serial number or code that is subsequently associated with
data collected by probe 100 to identify that this data was
collected by probe 100. In some embodiments, each indi-
vidual electrode, or a patch or strap containing a set of
electrodes incorporates an integrated circuit memory having
a stored unique or quasi-unique electrode/patch identifier.
An interface between the patch or electrodes and the com-
munication device 505 can be implemented so that the
communication device 505 can send electrode or patch
identifiers as well as a separate identifier for the other
electronics coupled to the patch. In this way, different parts
of the probe can be separately replaced, while still allowing
complete tracking of the physical data generation, analysis,
and communication apparatus used to gather all impedance
data.

[0081] The data communicated along wireless data link
1125 can also include messages to probe 100. Example
messages include commands to change measurement and/or
data analysis parameters and queries regarding the status
and/or operational capabilities of the probe. Data commu-
nication along wireless data link 1125 can also include
information related to the initialization and activation of
probe 100. Initialization can include the communication of
a probe identifier to data collection apparatus 1105. Initial-
ization can also include the commencement of measurement
activities including, e.g. the start of an internal clock that
regulates the timing of hydration measurements and the
transmission of hydration measurement results. Such data
communication can be conducted as an ongoing dialogue
with data collection apparatus 1105.

[0082] Data collection apparatus 1105 is a device that
generally supplements probe 100 by including components
and/or features that complement the components and/or
features of probe 100. For example, such components or
features may be too large, too memory intensive, require too
sophisticated data processing, and/or only be used too inter-
mittently to be included on probe 100. FIG. 12 shows one
implementation of a data collection apparatus 1105. Data
collection apparatus 1105 can be a portable device in that
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data collection apparatus 1105 can be moved from a fixed
location and perform at least some functions without input
from a fixed device. For example, data collection apparatus
1105 can be a handheld device that can be borne by a
monitored individual.

[0083] Data collection apparatus 1105 includes a local
user input portion 1203, a local user output portion 1210, a
wireless data communication portion 1215, and a wired data
communication portion 1217 all arranged on a body 1220.
Local user input portion 1205 includes one or more com-
ponents that receive visual, audio, and/or mechanical input
from a user in the vicinity of data collection apparatus 1105.
For example, local user input portion 1205 can include a
keypad 1225 and a mode selection button 1230. Keypad
1225 can receive alphanumeric input from a user. Mode
selection button 1230 can receive an operational mode
selection from a user. The operational modes of data col-
lection apparatus 1105 are discussed further below.

[0084] Tocal user output portion 1210 includes one or
more components that provide visual, audio, and/or
mechanical output to a user in the vicinity of data collection
apparatus 1105. For example, local user output portion 1210
can include a display panel 1235. Display panel 1235 can be,
e.g., a liquid crystal display screen. Display panel 1235
includes various regions that display specific information to
a local user. In particular, display panel 1235 includes a
battery charge display region 1240, an operational mode
display region 1245, a time/date display region 1250, a
measurement result display region 1255, and an alert display
region 1260.

[0085] Battery charge display region 1240 includes a
graphical device that indicates the charge remaining on a
battery or other power element that powers data collection
apparatus 1105. Operational mode display region 1245
includes a text list of the various operational modes of data
collection apparatus 1105. The listed operational modes
include a test mode, a set-up mode, a synchronization mode,
and a measurement mode. The text indicating measurement
mode (ie., “MEAS”) includes an indicium 1265 that indi-
cates that the current operational mode of data collection
apparatus 110S is the measurement mode. Time/date display
region 1250 includes text indicating the current time and
date. Measurement result display region 1255 includes text
and/or graphical elements that indicate the result(s) of a
hydration measurement made by one or more probes 100.
Alert display region 1260 includes a text and/or graphical
warning that the probe measurement results are indicative of
one or more disease states being present or imminent. Alert
display region 1260 can also indicate that a malfunction of
probe 100 and/or data collection apparatus 1105 is occurring
or imminent.

[0086] Wireless data communication portion 1215 can
include a first wireless communication transceiver 1265 and
a second wireless communication transceiver 1270. Trans-
ceivers 1265, 1270 can be separate devices or transceivers
1265, 1270 can include common components for the wire-
less communication of data. For example, transceivers 1265,
1270 can each include a separate RF antenna.

[0087] Transceivers 1265, 1270 can be dedicated to the
exchange of data with a particular device, or a particular
class of devices. For example, transceiver 1265 can be
dedicated to the exchange of data with one or more probes
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100 over one or more wireless data links 1125, whereas
transceiver 1270 can be capable of exchanging data with
other data collection apparatus and/or with one or more data
management systems 1110. Transceivers 1265, 1270 can
function with cellular communication networks, alpha-nu-
meric paging networks, WiFi or other systems for the
wireless exchange of data.

[0088] Wired data communication portion 1217 can
include one or more connector ports 1274 adapted to receive
a plug or other terminal on one or more wired data links. The
wired data links can be capable of exchanging data with
other data collection apparatus and/or with one or more data
management systems 1110. The wired data link can be an
optical data link and/or an electrical data link. Electrical data
links can be analog or digital. The data links can operate in
accordance with data communication protocols such as the
TCP/IP suite of communications protocols.

[0089] Body 1220 can be sealed to isolate electrical and
other components (not shown) that perform operations such
as driving portions 1205, 1210, 1215, 1217 from the ambient
environment. Body 1220 can be sized and the components
selected to allow data collection apparatus 1105 to be
self-powered by an internal power supply (not shown). For
example, data collection apparatus 1105 can be powered by
an internal rechargeable battery. The components can be,
e.g., data storage devices, data processing devices, data
communication devices, and driving circuitry for managing
the input and output of data from data collection apparatus
110s.

[0090] Body 1220 can be designed to operate as an
independent unit as shown or body 1220 can be designed to
integrate with separate communication devices. For
example, body 1220 can be designed to integrate with a
cellular phone or personal data assistant to form all or a
portion of wireless data communication portion 1215.

[0091] Returning to FIG. 11, system 1100 can include a
wired data link 1130 and/or a wireless data link 1135 for the
exchange of data between data collection apparatus 1105
and data management system 1110. Wired data link 1130 can
terminate at a connector port 1274 on data collection appa-
ratus 1105, and wireless data link 1135 can terminate at
transceiver 1270 on data collection apparatus 1105.

[0092] Wireless data link 1125, wired data link 1130 and
wireless data link 1135 can exchange data in accordance
with one or more communication protocols. The communi-
cation protocols can determine the format of the transmitted
information and the physical characteristics of the transmis-
sion. Communication protocols can also determine data
transfer mechanisms such as synchronization mechanisms,
handshake mechanisms, and repetition rates. The data struc-
tures of the protocol may impact the rate of data transfer
using the protocol. Data can be organized in blocks or
packets and transmissions can be made at specified intervals.
For example, a transmission block can include synchroni-
zation bits, an address field that includes information iden-
tifying the data source, a data field containing the hydration
monitoring data, and a checksum field for testing data
integrity at the receiver. The length of a data block can vary,
e.g., to reduce power consumption and increase device
lifetime. The same data can be transmitted multiple times to
ensure reception.

[0093] In one implementation, exchanged data is orga-
nized in packets that include four sections, namely, a header
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section, a 64 bit address section that includes a probe
identifier identifying a probe 100 (and/or an electrode or
electrode set identifier), an encrypted data section, and a
check-sum or error correction section. The data section can
be encrypted using an algorithm that relies upon the address
section.

[0094] Probe 100, data collection apparatus 1105, and data
management system 1110 can all confirm a successful
exchange of data using a confirmation such as an electronic
handshake. An unsuccessful exchange of data can be
denoted by transmission of an error message, which can be
responded to by a retransmission of the unsuccessfully
exchanged data.

[0095] In some implementations, probe 100, data collec-
tion apparatus 1105, and data management system 1110 can
exchange data at a number of different frequencies. For
example, when system 1100 includes multiple data collec-
tion apparatus 1105, each data collection apparatus 1105 can
transmit data over wireless data link 1135 using a different
frequency carrier. As another example, when system 1100
includes multiple probes 100, each probe 100 can transmit
data over wireless data link 1125 using a different frequency
carrier. It will be appreciated that a variety of multiple access
techniques such as time or code division, could be alterna-
tively used.

[0096] The data communicated along wireless data link
1125, wired data link 1130, and wireless data link 1135 can
be encrypted in whole or in part. The encryption can be
symmetric or asymmetric. The encryption can rely upon
encryption keys based on the probe identifier or on alpha-
numeric codes transmitted with the encrypted data. The
encryption may be intended to be decrypted by a specific
probe 100, a specific data collection apparatus 1105, or a
specific data management system 1110. In one implemen-
tation, data communicated along wired data link 1130 is
encrypted using 128 bit encryption at the SSL layer of the
TCPAP protocol.

[0097] Both proprietary and public protocols can be used
to exchange data between probe 100, data collection appa-
ratus 1105, and data management system 1110. For example,
the global system for mobile communications (GSM), Blue-
tooth, and/or the internet protocol (IP) can be used.

[0098] In one implementation, wireless link 1125 is a
spread-spectrum RF signal at wireless medical band fre-
quencies such as the Medical Implant Communications
Service (MICS) (400-406 MHz) or the Wireless Medical
Telemetry Service (WMTS) (609-613 MHz and 1390-1395
MHz).

[0099] Data management system 1110 is a data processing
device that conducts operations with the data collected by
probe 100 that relates to hydration of the organism. The
operations can be conducted in accordance with the logic of
instructions stored in machine-readable format. The con-
ducted operations can include the processing of such data,
the display of such data, and the storage of such data.

[0100] Data management system 1110 can be remote from
data collection apparatus 1105 in that data management
system 1110 need not be part of a local data communication
network that includes data collection apparatus 1103. For
example, data management system 1110 can be a data
processing apparatus that is accessible by one or more
medical personnel.
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[0101] The processing of data by data management system
1110 can include data analysis to identify disease states in
monitored organisms or problems with the monitoring. For
example, data management system 1110 can perform imped-
ance analysis using model equivalent circuits to determine
hydration levels at different locations in a monitored organ-
ism.

[0102] The display of data by data management system
1110 can include the rendition of the results of hydration
monitoring on one or more input/output devices 1115. Input/
output device 1115 can include visual, auditory, and/or
tactile display elements that can communicate information
to a human user (such as medical personnel). For example,
input/output device 1115 can include a monitor, a speaker,
and/or a Braille output device. Input/output device 1115 can
also include visual, auditory, and/or tactile input elements
such as a keyboard, a mouse, a microphone, and/or a camera.
Input/output device 1115 can thus render visual, auditory,
and/or tactile results to a human user and then receive visual,
auditory, and/or tactile input from the user.

[0103] The storage of data by data management system
1110 can include the storage of the results of hydration
monitoring on one or more data storage devices 1120 that
retain information in machine-readable format. Data storage
devices 1120 can include wvolatile and/or nonvolatile
memory. For example, data storage devices 1120 can be a
RAM device, a ROM device, and/or a memory disk.

[0104] In operation, all or some of the constituent com-
ponents of system 1100 can operate in one or more opera-
tional stages. For example, during a test stage, the constitu-
ent components of system 1100 can test themselves to
determine that they are functional. For example, probe 100
and data collection apparatus 1105 can confirm that they are
capable of exchanging data along link 1125, and data
collection apparatus 1105 and data management system 1110
can confirm that they are capable of exchanging data along
one or more of links 1130, 1135. As another example, probe
100 can confirm that inputs 120, 125 and outputs 130, 135
are properly positioned relative to a monitored organism.
For example, when inputs 120, 125 and outputs 130, 135 are
electrodes 245, 250, 255, 260, probe 100 can confirm that
electrodes 245, 250, 255, 260 are in electrical contact with
the followed portion of the monitored organism.

[0105] During a setup stage, parameters relating to the
monitoring of the hydration of an individual can be
arranged. For example, a probe 100 can determine the
baseline measurement result for a given hydration level in a
portion of a monitored organism and adjust monitoring
parameters accordingly. For example, the input signal level
can be increased to accommodate dry skin and high trans-
dermal impedances. Data collection apparatus 1105 can
receive user input over one or more of local user input
portion 1205, wireless data communication portion 1215,
and wired data communication portion 1217. The received
input can identify monitoring parameters that are to be
adjusted, such as the level at which an alert is to be sounded
at probe 100 and/or data collection apparatus 1105. Data
management system 1110 can also receive user input relat-
ing to the arrangement of monitoring parameters. For
example, data management system 1110 can receive input
from medical personnel over input/output device 1115 indi-
cating that hydration measurement results are to be trans-
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mitted by probe 100 to data collection apparatus over link
1125 once every four hours. This timing parameter can be
relayed from data management system 1110 over link 1130
to data collection apparatus 1105 which relays the timing
parameter over wireless link 1125 to probe 100.

[0106] Parameters relating to the communication of infor-
mation over one or more of links 1125, 1130, 1135 can also
be arranged during a setup stage. For example, the constitu-
ent components of system 1100 can select communication
protocols or parameters for communication protocols.

[0107] During a synchronization stage, clocks in two or
more of probe 100, data collection apparatus 1105, and data
management system 1110 are synchronized to enable syn-
chronous data transmission along one or more of links 1125,
1130, 1135. For example, in one implementation, data
collection apparatus 1105 transmits synchronization charac-
ters to data management system 1110 over wired data link
1130. Data management system 1110 can receive the syn-
chronization characters and compares the received charac-
ters with a synchronization pattern. When the received
characters correspond sufficiently with the synchronization
pattern, data management system 1110 can exit the synchro-
nization stage and exchange other data synchronously with
data collection apparatus 1105 over link 1130. Such a
synchronization process can be repeated periodically.

[0108] In one implementation, data collection apparatus
1105 can receive andjor display a serial number or other
identifier of a synchronized probe 100.

[0109] During a measurement stage, one or more probes
100 can collect data relating to the hydration of one or more
monitored individuals. The probes 100 can perform data
processing on the collected data, including bioelectric
impedance data analysis, filtering, and, event identification.

[0110] The probes 100 can transmit data relating to the
hydration monitoring (including results of processing and
analyzing collected data) to one or more data collection
apparatus 1105. The transmitted data can include a probe
identifier that identifies the transmitting probe 100. The
transmitted data can be encrypted.

[0111] Data collection apparatus 1105 can receive the data
transmitted from probe 100 and update local user output
portion 1210 based on the received data. The updating can
include indicating, in operational mode display region 1245,
that probe 100 is monitoring hydration, displaying, in mea-
surement result display region 1255, recent monitoring
results, and generating, in alert display region 1260, an alert
to a user who is local to data collection apparatus 1105. The
alert can indicate, e.g., that a monitored individual is suf-
fering from one or more disease states or that monitoring has
somehow become impaired.

[0112] Data collection apparatus 1105 can also comand
one or more probes 100 to transmit data relating to the
hydration monitoring over link 1125. For example, data
collection apparatus 1105 can transmit a query to probe 100.
The query can request that probe 100 provide information
regarding some aspect of the hydration monitoring. For
example, a query can request that probe 100 transmit a
confirmation that hydration monitoring is occurring over
link 1125, a query can request that probe 100 transmit a
recent measurement result over link 1125, or a query can
request that probe 100 transmit one or more events of a
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particular character over link 1125. Data collection appara-
tus 1105 can transmit queries to probe 100 periodically, e.g.,
every hour or two.

[0113] Data collection apparatus 1105 can also relay some
or all of the data transmitted from probe 100 to data
management system 1110. The data can be relayed over one
or more data links 1130, 1135. Data collection apparatus
1105 can relay such data directly, i.e., without performing
additional analysis on the information, or data collection
apparatus 1105 can perform additional processing on such
before relaying a subset of the data to data management
system 1110. Data collection apparatus 1105 can notify a
local user that data has been relayed by displaying a data
relay notice on local user output portion 1210. Alternatively,
data can be relayed by data collection apparatus 1105
without notification to a local user.

[0114] Data collection apparatus 1105 can also receive
user input over one or more of local user input portion 1205,
wireless data communication portion 1215, and wired data
communication portion 1217. The received input can iden-
tify that data collection apparatus 1105 is to transmit data to
one or more probes 100 over link 1125. For example, the
received input can identify that data collection apparatus
1105 is to instruct probe 100 to generate an alarm signal
indicating that a monitored person suffers under a disease
state. As another example, the received input can identify
that data collection apparatus 1105 is to transmit a query to
aprobe 100 over wireless link 1125. As another example, the
received input can identify that data collection apparatus
1105 is to transmit an instruction instructing probe 100 to
change a parameter of the hydration monitoring, including
one or more threshold values for identifying a disease state.

[0115] Data collection apparatus 1105 can also perform
data processing and storage activities that supplement the
data processing and storage activities of probe 100. For
example, data collection apparatus 1105 can perform more
extended data analysis and storage, including signal pro-
cessing and analysis. For example, data collection apparatus
1105 can perform impedance analysis using model equiva-
lent circuits to determine hydration levels at different loca-
tions in a monitored organism. As another example, data
collection apparatus 1105 can perform trending analyses that
identify a general tendency of hydration levels to change
over extended periods of time, or data collection apparatus
1105 can perform comparisons between hydration levels
obtained using multiple probes 100. The multiple probes 100
can monitor the hydration of a single organism, or the
multiple probes can monitor the hydration of multiple organ-
isms. Data collection apparatus 1105 can compare and
correlate monitoring results from multiple probes to cali-
brate one or more probe 100 and minimize errors during
monitoring.

[0116] Data collection apparatus 1105 can also compare
and/or correlate the results of hydration monitoring with the
results of monitoring other biological parameters. For
example, data collection apparatus 1105 can compare and
correlate the results of hydration monitoring with the results
of heart monitoring, drug delivery schedules, and tempera-
ture monitoring. Data collection apparatus 1105 can receive
the other monitoring results over one or more of local user
input portion 1205, wireless data communication portion
1215, and wired data communication portion 1217. For
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example, data collection apparatus 1105 can receive the
other monitoring results over one or more of links 1125,
1130, 1135.

[0117] Data collection apparatus 1105 can also exchange
data with other devices and systems (not shown in FIG. 11).
For example, data collection apparatus 1105 can reccive
other monitoring results directly from other monitoring
instruments. As another example, data collection apparatus
1105 can transmit data relating to the results of hydration
monitoring to other local or remote parties. The other parties
can be external entities in that they do not share a legal
interest in any of the constituent components of system
1100. For example, the other parties can be a medical group
that has contracted with an owner of system 1100 to monitor
hydration of an individual.

[0118] Data management system 1110 can receive the
results of hydration monitoring from data collection appa-
ratus 1105 over one or both of data link 1130, 1135. The
received results can include analyses of the hydration of an
organism, as well as comparisons and correlations of moni-
toring results from multiple organisms or other biological
parameters.

[0119] Data management system 1110 can conduct opera-
tions with the received data, including processing the data to
identify disease states and problems with the monitoring.
For example, data management system 1110 can perform
impedance analysis using model equivalent circuits to deter-
mine hydration levels at different locations in a monitored
organism. As another example, data management system
1110 can perform trending analyses that identifies a general
tendency of hydration levels to change over extended peri-
ods of time, or data management system 1110 can perform
comparisons between hydration levels obtained using mul-
tiple probes 100. The multiple probes 100 can monitor the
hydration of a single organism, or the multiple probes can
monitor the hydration of multiple organisms. Data manage-
ment system 1110 can compare and correlate monitoring
results from multiple probes to calibrate one or more probe
100 and minimize errors during monitoring. Data manage-
ment system 1110 can also perform analyses that require
hydration monitoring results from statistically significant
numbers of organisms. Such analyses can include billing
assessments, geographic assessments, epidemiological
assessments, etiological assessments, and demographic
assessments.

[0120] Data management system 1110 can render the
results of hydration monitoring on one or more input/output
devices 1115 and store the results of hydration monitoring
on one or more data storage devices 1120. Data management
system 1110 can also provide the results of the data pro-
cessing to data collection apparatus 1105 and/or probe 100
over data links 1125, 1130, 1135. The provided results can
include an indication that a disease state is present and/or an
indication that probe 100 should generate an alarm signal
indicating that a monitored organism suffers under a disease
state. Data management system 1110 can also provide such
indications to external entities, including medical personnel
interacting with input/output device 1115 and medical per-
sonnel in the vicinity of the monitored organism. For
example, an emergency medical technician (EMT) can be
informed that a monitored individual in the EMT’s vicinity
suffers from acute dehydration. As another example, data
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management system 1110 can also post an indication in an
external system such as the clinical information system of a
healthcare organization or an Internet portal.

[0121] In one implementation, data management system
110 can request, from data collection apparatus 1105 and/or
probe 100, that additional monitoring activities be per-
formed. The request can be spurred by the results of analyses
performed at data collection apparatus 1105 and/or the
analyses performed at data management system 1110. The
request can also be spurred by a human user such as medical
personnel interacting with input/output device 1115. The
requests can be based on the results of hydration monitoring.
The additional monitoring activities can be directed to other
biological parameters, or the additional monitoring activities
can be directed to gaining more information about the
hydration of the monitored individual. For example, data
management system 1110 can identify surveys and/or survey
questions that are to be presented to a monitored organism
to facilitate hydration monitoring. A survey is a series of
questions designed to gather information about the hydration
of a monitored organism. A survey is generally presented to
a monitored organism, but a survey can also be presented to
individuals having contact with the monitored organism. A
survey can be presented, e.g., over a telephone or through
the mail. Survey and survey questions can be generated
before monitoring begins and stored, e.g., at probe 100, data
collection apparatus 1105, and/or data management system
1110.

[0122] Survey questions can be directed to ascertaining,
e.g., body position of a monitored organism, length of time
that the monitored organism has been in one position, the
diet of the monitored organism, the activity level of the
monitored organism, or the time zone of the monitored
organism. Example survey questions include “Are you cur-
rently exercising?”, “Did you remove the probe?”, and
“Have you recently taken a diuretic?” The questions pre-
sented during a survey can depend upon the responses to
previous questions. For example, if a monitored individual
has removed probe 100, subsequent questions can be
deleted.

[0123] Responses to the questions in the survey can be
received using, e.g., an interactive voice recognition system
(IVRS) or keypad entry on a touch tone phone. Data
management system 1110 can present the survey itself or
data management system 1110 can direct another system to
present the survey. The responses to survey questions can be
scored based upon a predetermined criteria set and used in
further analyses in hydration monitoring.

[0124] FIG. 13 shows another implementation of a system
for monitoring the hydration of an organism, namely a
system 1300. In addition to one or more data collection
apparatus 1105, data management system 1110, input/output
device 1115, and data storage device 1120, system 1300
includes a collection of multiple probes 100, 1305, 1310,
1315. Together, probes 100, 1305, 1310, 1315 form a data
“hopping” network 1317 in which data can be transferred
amongst probes 100, 1305, 1310, 1315. In particular, in
network 1317, probe 1305 exchanges data with probe 100
over a wireless data link 1320. Probe 1310 exchanges data
with probe 1305 over a wireless data link 1325. Probe 1315
exchanges data with probe 1310 over a wireless data link
1330. The data exchanged amongst probes 100, 1305, 1310,
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1315 over data links 1320, 1325, 1330 can include hydration
monitoring results, biological parameter monitoring results,
queries, parameter change commands, encryption keys,
probe identifiers, handshakes, surveys, and other informa-
tion.

[0125] Such a “hopping” network 1317 may extend the
range and robustness of data communication in system
1300.

[0126] FIG. 14 shows another implementation of a system
for monitoring the hydration of an organism, namely a
system 1400. In addition to one or more data collection
apparatus 1105, data management system 1110, input/output
device 1115, and data storage device 1120, system 1400
includes a pharmaceutical dispenser 1405. Pharmaceutical
dispenser 1405 is a device that provides compositions for
ameliorating a disease state of an individual. Pharmaceutical
dispenser 1405 can provide such a composition to an indi-
vidual automatically (i.e., without human intervention) or
pharmaceutical dispenser 1405 can provide such a compo-
sition in conjunction with the efforts of one or more indi-
viduals. For example, pharmaceutical dispenser 1405 can be
an implanted controlled-release drug delivery device or
pharmaceutical dispenser 1405 can be a pill dispenser that is
accessible by a monitored individual or by medical person-
nel.

[0127] Pharmaceutical dispenser 1405 includes a commu-
nications element 1410. Communications element 1410 can
place dispenser 1405 in data communication with the con-
stitutent components of system 1400. For example, in one
implementation, communications element 1410 can estab-
lish a wireless data link 1415 between dispenser 1405 and
data collection apparatus 1105.

[0128] In operation, pharmaceutical dispenser 1405 can
receive data such as dispensation instructions from the
constitutent components over communications element
1410. For example, when one or more of probe 100, data
collection apparatus 1105, and data management system
1110 identify, based at least in part on the results of hydra-
tion monitoring, that a monitored individual suffers under
one or more disease states, pharmaceutical dispenser 1405
can receive instructions over element 1410 that instruct
dispenser 1405 to provide a composition to the monitored
individual that ameliorates the identified disease state.

[0129] In response to the receipt of dispensation instruc-
tions, pharmaceutical dispenser 1405 can provide a compo-
sition for ameliorating a discase state to the monitored
individual. For example, pharmaceutical dispenser 1405 can
release a drug into the monitored individual’s body or
pharmaceutical dispenser 1405 can prepare a dosage of
medicine for the monitored individual. The dispensation of
a composition by pharmaceutical dispenser 1405 can be
recorded at one or more memory devices in system 1400,
e.g., for use in analyzing the results of hydration monitoring.

[0130] FIG. 15 shows an example of a model equivalent
circuit 1500 that can be used in monitoring the hydration of
an organism. In particular, model equivalent circuit 1500
that can be used to model the electrical conductivity of an
organism. Circuit 1500 models the impedances observed in
bioelectric impedance spectroscopy using a probe 200 that
supports electrodes 245, 250, 255, 260 above a skin surface
1505 of an organism 1510.
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[0131] Model circuit 1500 includes a series of surface
impedances 1515, 1520, 1525, a series of transdermal
impedances 1530, 1535, 1540, 1545, and a series of sub-
dermal impedances 1550, 1555, 1560. Surface impedances
1515, 1520, 1525 can model the surface electrical imped-
ances between the relevant of electrodes 245, 250, 255, 260.
Surface impedances 1515, 1520, 1525 can model both the
conductivity through the surface of the skin and the con-
ductivity through sweat and other conducting fluids on the
surface of the skin. In one implementation, surface imped-
ances 1515, 1520, 1525 are modeled as non-reactive (i.c.,
resistive) elements.

[0132] Transdermal impedances 1530, 1535, 1540, 1545
can model the electrical impedances through the skin of a
monitored organism. Transdermal impedance 1530 includes
a resistive component 1565 and a reactive component 1570.
Transdermal impedance 1533 includes a resistive compo-
nent 1575 and a reactive component 1580. Transdermal
impedance 1540 includes a resistive component 1585 and a
reactive component 1590. Transdermal impedance 1545
includes a resistive component 1595 and a reactive compo-
nent 1597. Reactive components 1570, 1580, 1590, 1597
can model the electrical impedance through dense cellular
layers as a capacitive element, whereas resistive components
1565, 1575, 1585, 1595 can model the electrical impedance
through hydrated and other portions of the skin as a resistive
element.

[0133] Subdermal impedances 1550, 1555, 1560 can
model electrical impedances through a monitored organism.
For example, subdermal impedances 1550, 1555, 1560 can
model the electrical impedances of a portion of the moni-
tored organism as a resistive volume conductor bounded by
the skin.

[0134] In one implementation, in bioelectric impedance
spectroscopy, probe 200 supports electrodes 245, 250, 255,
260 above skin surface 1505. Current source 210 can drive
electrical current between electrodes 245, 250, The driven
current can include both direct current and alternating cur-
rent components. The potential at electrodes 245, 250, 255,
260 provides information about the net impedance across
equivalent circuit 1500 as well as the impedance of different
paths across equivalent circuit 1500.

[0135] For example, when direct current is driven across
circuit 1500, a large portion of the direct current will pass
through surface impedances 1515, 1520, 1525. Potential
measurements at electrodes 245, 250, 255, 260 under direct
current application can be used to estimate the impedance of
surface impedances 1515, 1520, 1525. When certain fre-
quencies of alternating current are driven through circuit
1500, some portion of the alternating current can pass
through surface impedances 1515, 1520, 1525, transdermal
impedances 1530, 1535, 1540, 1545, and subdermal imped-
ances 1550, 1555, 1560. Potential measurements at elec-
trodes 245, 250, 255, 260 can be used to estimate imped-
ances 1515, 1520, 1525, 1530, 1535, 1540, 1545, 1550,
1555, 1560. Such estimations can be made in light of the
estimations of surface impedances 1515, 1520, 1525 made
using direct current.

[0136] The impact of various factors on the electrical
conductivity of an organism can be accommodated by
changing the mathematical analysis of model circuit 1500 or
by changing aspects of data collection. For example, when
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surface impedances 1515, 1520, 1525 are particularly low,
e.g., due to heightened conductivity through sweat or other
conducting fluids on the surface of the skin, the measured
potentials at electrodes 245, 250, 255, 260 can be math-
ematically corrected to accommodate the lowered conduc-
tivity. For example, previously obtained surface impedance
estimates can be used to estimate the effect that changes in
surface impedances 1515, 1520, and 1525 have on the total
impedance measurement, and thus isolate the change in
sub-dermal impedance so as to more accurately monitor
changes in subdermal tissue hydration. Alternatively, bio-
electric spectroscopy measurements can be delayed alto-
gether or probe 200 can output an indication to a monitored
individual that the individual should dry the measurement
region.

[0137] Model equivalent circuit 1500 can be used in
conjunction with custom approaches to data analysis for
monitoring the hydration of an organism. Such data analysis
approaches can be used to interpret monitoring data and to
identify changes in the amount and distribution of water in
a monitored organism. Data analysis approaches can also be
used to incorporate results of other bioparameter measure-
ments and responses to survey questions into the hydration
monitoring.

[0138] Data analysis approaches can be performed in
accordance with the logic of a set of machine-readable
instructions. The instructions can be tangibly embodied in
machine-readable format on an information carrier, such as
a data storage disk or other memory device. The instructions
can also be embodied in whole or in part in hardware such
as microelectronic circuitry.

[0139] Data analysis approaches can yield analysis results
that can be displayed to a human user. The human user can
be the monitored individual or another individual, such as a
medical professional. The analysis results can be displayed
in response to a prompt from the user or automatically, i.e.,
without user input. For example, the analysis results can be
displayed automatically when hydration indicative of a
disease state is identified. When hydration monitoring is
performed using a system 1100, analysis results can be
displayed at a probe 100, at a data collection apparatus 1103,
and/or at a data management system 1110 (FIGS. 11, 13,
14). Analysis results can be displayed using other output
devices such as the postal service, facsimile transmission,
voice messages over a wired or wireless telephone network,
and/or the Internet or other network-based communication
modalities.

[0140] Data analysis can be performed continuously or
intermittently over extended periods of time. The analyzed
data can be measurement results collected continuously or
intermittently. The analyzed data can be a subset of the data
collected or the analyzed data can be all of the data collected.
For example, the analyzed data can be intermittent samples
redacted from the results of continuous hydration monitor-
ing.

[0141] One advantage of the analysis of hydration moni-
toring results obtained over extended periods of time is that
long term monitoring may be achieved. The monitoring can
be long term in that diurnal, monthly, or other variations in
hydration that are not associated with disease states can
identified. The monitoring can be individualized in that the
analysis results are relevant to a specific monitored organ-
ism.
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[0142] Data analysis can accommodate both long and
short term variations in hydration that are not associated
with disease states by reducing the effect of such variation
on analysis. For example, data analysis can accommodate
variations associated with respiration and other types of
movement. For example, peak/trough analysis and/or fre-
quency analysis of hydration monitoring results obtained
from the chest can be used to determine the breathing period.
This can be done, ¢.g., by identifying the rate of change
between discrete data points in the measurement results.
Once the breathing period is identified, specific measure-
ment results (such as those associated with exhalation) can
be identified and relied upon in subsequent analyses.

[0143] Changes in impedance measurements due to elec-
trode movement over time or with wear can also be accom-
modated in data processing routines if necessary.

[0144] As another example, data analysis can accommo-
date diurnal or monthly variations. Such variations can be
identified by peak/trough analysis and/or frequency analysis
of longer term measurement results. For example, specific
measurement results (such as those associated with exhala-
tion) can be used to identify any reproducible diurnal and/or
monthly variability in hydration. Such variability can be
accommodated in subsequent measurement results by sub-
traction of the prior variability or other adjustment
approaches.

[0145] Forexample, the diurnal pattern of hydration moni-
toring results may indicate that there is a significant likeli-
hood of a 3% decrease in a bioelectric impedance value for
a specific organism in the late afternoon relative to early
morning. Hydration measurement results obtained at either
time may be adjusted or modified by interpolation to reflect
the decrease. Such adjustments can be made to account for
predictable or habitual patterns such as, e.g., daily exercise
routines or eating/drinking habits.

[0146] As another example of accommodating diurnal
variations, only measurement results obtained during pat-
terned times of regular breathing (for example, during sleep)
are relied upon in subsequent analyses. Such patterned times
can be identified, for example, by determining the rate of
change in hydration monitoring results. Such patterned
times can be used in conjunction with measurement results
obtained with a known hydration status (e.g., the monitored
individual is “dry” and unaffected by pulmonary edema) to
adjust decision criteria and other analysis parameters.

[0147] Other variations in hydration monitoring results,
including random variations such as electronic stray signal
or positional signal noise, can be accommodated using
digital and/or analog filters, signal averaging, data discard-
ing techniques, and other approaches.

[0148] Data analysis of hydration monitoring results can
be used to establish a baseline of typical hydration charac-
teristics so that deviations from the baseline, e.g., in
response to disease states or other stresses, can be identified.
The baseline of typical hydration characteristics can be
individualized and relevant to a specific monitored organ-
ism, or the baseline of typical hydration can reflect the
average hydration of a population of individuals. For
example, extended monitoring results can be analyzed to
establish a population database of tolerances and ranges for
the identification of individual discase states, deviations,
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and/or anomalies, as well as population trends (as discussed
further below). Such a baseline can be obtained for healthy
and/or diseased populations with a variety of demographic
characteristics.

[0149] Incontrast, transient periodic hydration monitoring
of an individual (such as, ¢.g., monitoring an individual for
a short time once a day or once a week) is less likely to
detect individual variations, deviations, or anomalies and
does not contribute to the establishment of a population
database.

[0150] Data analysis can include the analysis of subsets of
the total hydration monitoring results. The analyzed subsets
can have common characteristics that distinguish the subsets
from unanalyzed hydration monitoring results. For example,
the analyzed subsets can have high signal-to-noise ratios,
analyzed subsets can be obtained under dry conditions (e.g.,
when surface impedances 1515, 1520, 1525 (FIG. 15) are
relatively high), analyzed subsets can be obtained when
good contact is maintained between a monitored organism
and inputs 120, 125 and outputs 130, 135 (FIG. 1), or
analyzed subsets can be obtained at the same time of day.

[0151] Data analysis operations can be performed at one
or more of probe 100, data collection apparatus 1105, and/or
data management system 1110. In one implementation, data
analysis is distributed between probe 100 and data collection
apparatus 1105. In particular, probe 100 can perform initial
analyses, including signal processing, noise filtering, and
data averaging operations. The operations can be performed
on data from one or more measurements taken at one or
more frequencies. The operations can be performed on raw
data or on data where variations have been accommodated.
For example, the operations can be performed on data
collected at certain points during breathing. These initial
analysis results can be transmitted, along with other infor-
mation such as a probe identifier and a time/date stamp, to
data collection apparatus 1105. At data collection apparatus
1105, data analysis operations can include the identification
of trends or shifts in hydration associated with disease states
such as pulmonary edema, as well as comparisons between
received data and threshold values.

[0152] In another implementation, data analysis opera-
tions are performed primarily at data collection apparatus
1105 and data analysis at probe 100 is minimal. When data
analysis at probe 100 is minimal, data analysis and data
storage can be consolidated at data collection apparatus 1105
and probe 100 can include simplified circuitry with reduced
power requirements and cost.

[0153] Data analysis can also be performed at data man-
agement system 1110. Such data analysis can include mul-
tivariable analysis where hydration monitoring results are
analyzed in light of other statistical variables such as weight,
heart rate, respiration, time of day, month, eating patterns,
physical activity levels, and other variables. The other
statistical variables need not be entirely independent of the
hydration monitoring results. The hydration monitoring
results used in multivariable analysis can be obtained over
extended periods (e.g., days, weeks, or months) from one or
more organisms. The results of such multivariable analysis
can be used to develop mew and improved analyses of
hydration monitoring results, including improved algo-
rithms, improved pattern definition techniques, and/or arti-
ficial intelligence systems.
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[0154] A wvariety of other analysis techniques can be
applied to hydration monitoring results. These include the
use of established guideline values for data that is used to
determine fluid changes associated with the onset or pro-
gression of pulmonary edema. Also, clinician-modified vari-
ables such as tailored threshold values can be applied to
permit increased accuracy and specificity.

[0155] These and other analyses of hydration monitoring
results can be made in light the results of monitoring other
biological parameters such as respiration, heart rate, hor-
mone (e.g., B-type natriuretic peptide (BNP)) levels,
metabolite levels (e.g., blood urea nitrogen (BUN) and/or
Na*/K*levels), wedge pressure measurements, electrocar-
diogram measurements, and others. Analyses made in light
of such other parameters may improve the information
provided by the analysis process.

[0156] Data analysis can include comparisons involving
recent hydration monitoring results. For example, recent
hydration monitoring results can be compared with previous
hydration monitoring results, predicted results, or popula-
tion results. Future hydration monitoring results can be
predicted based on the current state of the monitored indi-
vidual and on past hydration monitoring results obtained
with the same or with other individuals or a population or
demographic group. Such comparisons may include, for
example, the use of population data tables, multiple refer-
ence measurements taken over time, or the results of trend
analyses based upon extended hydration monitoring.

[0157] Such comparisons can also involve other factors,
including other bioparameters. For example, hydration
monitoring results can be weighted by one or more factors
before comparisons are performed. Examples of such factors
include the monitored individual’s age, weight, height,
gender, general fitness level, ethnicity, heart rate, respiration
rate, urine specific gravity value, blood osmolality measure-
ment, time of day, altitude, state of hydration (cither sub-
jective or objective), cardiac waveforms, left ventricle ejec-
tion fraction, blood oxygen levels, secreted potassium or
sodium ions levels, skin surface temperature, ambient tem-
perature, core body temperature, activity/motion assess-
ment, humidity, and other bioparameters.

[0158] With trend analysis and prediction of future hydra-
tion state, it is possible to prevent serious hydration prob-
lems from occurring by providing treatment or intervention
recommendations to the subject and/or a care provider prior
to serious hydration problems occurring. For ambulatory
healthy subjects, a downward hydration trend over a
selected period can be detected and a recommended fluid
intake could be presented automatically. The timing and
nature of the recommendation could be also based at least in
part on the age, gender, or other relevant factors. For some
conditions, such as a prediction that fluid is building in lung
tissue during the onset of pulmonary edema, a recommended
intake of a pharmaceutical agent can be automatically pro-
vided.

[0159] Hydration monitoring can proceed in a variety of
different environments using a variety of different proce-
dures to monitor a variety of different disease states. For
example, in one implementation, where hydration is moni-
tored for indications of pulmonary edema, monitoring can
commence after an individual has been identified as at risk
for pulmonary edema. For example, such an individual may
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have been admitted to a care facility for treatment of
pulmonary edema. Hydration can be monitored as the indi-
vidual is “dried out” and excess fluid load in the thoracic
region is reduced. Hydration monitoring can be continued
after the individual is “dried out.” For example, hydration
monitoring can continue after such an individual is released
from the care facility, and even as the individual returns to
performing workday activities. Through all or a part of this
time, hydration monitoring can be ongoing and rely upon a
portable probe that can be moved from a fixed location by
the individual and still perform at least some output signal
generation. Analysis of the results of such hydration moni-
toring can be used to gather information about the reonset
and/or progression of pulmonary edema, both in the moni-
tored patient and in population groups that include the
monitored patient.

[0160] Hydration monitoring can be performed to achieve
a variety of different objectives, including the identification
of levels and distributions of water in organisms that are
indicative of one or more acute or chronic discase states.
Examples of such monitoring follow.

EXAMPLE 1

Ambulatory Bioelectric Impedance Monitoring to
Monitor Dehydration of an Individual

[0161] Many individuals find themselves in activities or in
environments that are conducive to dehydration. Such
activities may include athletics, public safety activities per-
formed by officers/firefighters, combat, and other activities
requiring physical exertion. Such environments include hot
and humid locales.

[0162] In these cases, one or more strap probes can be
deployed along a thigh of such individuals to continually
monitor the hydration of such individuals. Alternatively,
probes can be incorporated into clothing such as the pants
and sock illustrated in FIGS. 9A and 9B.

[0163] During the initialization of hydration monitoring, a
range of data, including hydration monitoring results and the
results of monitoring other bioparameters, can be transmit-
ted to one or more data processing devices that perform
analysis operations. The transmitted data can be used by
such devices to establish a bascline from which relative
changes in hydration can be determined. The transmitted
data can include, e.g., urine specific gravity, blood osmola-
lity, and/or other parameters indicative of hydration status,
including, e.g., anthropometric data such as segment size,
age, height, weight, and general fitness level.

[0164] The established baseline can be returned to the
probe and used by the probe to provide instantaneous alarms
when hydration monitoring results indicative of dehydration
are obtained. Further, the results of hydration monitoring
generated by the probe can be transmitted to a data collec-
tion apparatus and/or data management system for analysis
and archiving.

[0165] A data collection apparatus and/or data manage-
ment system can also identify hydration monitoring results
that are indicative of dehydration. For example, when hydra-
tion decreases by a certain threshold amount (e.g., 3%), a
data collection apparatus and/or data management system
can record the decrease and then trigger an alarm signal at
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the probe and/or the data collection apparatus. For example,
the extent of dehydration can be displayed along with a
recommended fluid replacement volume and a recom-
mended recovery time. Further, the alert can be relayed to a
third party such as an athlete’s coach, a supervisor, or
medical personnel.

[0166] Following a period of monitoring, the monitored
individual can remove and replace a probe. The new probe
can synched to the data collection apparatus and provided
with new baseline impedance measurements.

EXAMPLE 2

Ambulatory Bioelectric Impedance Monitoring of
Individuals Using a Data Collection Apparatus
Incorporated into Other Equipment

[0167] A data collection apparatus can be incorporated
into a device commonly used by individuals who find
themselves in activities or in environments that are condu-
cive to dehydration. For example, a data collection apparatus
can be incorporated into safety equipment, the handlebars of
a bicycle, a helmet, or gloves. When hydration monitoring
results indicative of a discase state such as dehydration are
obtained, the data collection apparatus can alert the indi-
vidual and/or others in the individual’s vicinity of the
results. For example, a light on the outside of a football
player’s helmet can flash to alert teammates and coaches of
the player’s hydration monitoring results. These alerts can
be graded with the severity of the hydration monitoring
results so that the player and teammates have timely warning
prior to passing critical hydration thresholds, such as greater
than 5% dehydration.

EXAMPLE 3

Ambulatory Bioelectric Impedance Monitoring of
Individuals in Motorized Vehicles

[0168] Many individuals who operate motor vehicles are
ambulatory but have their mobility restricted in that they are
confined within the vehicle for extended times. Such
vehicles include cars, airplanes, tanks, ships, and other
transportation devices.

[0169] Probes for monitoring the hydration of such indi-
viduals can be incorporated into motor vehicles, e.g., at a
steering wheel, joystick, or other surface that contacts oper-
ating individuals either continually or intermittently. Inter-
mittent contact can be accommodated by limiting data
analysis to data obtained during periods of good contact
between the probe and the monitored organism.

[0170] Such vehicles can also include a data collection
apparatus. In some implementations, the data collection
apparatus can share generic components with the vehicle to
perform various operations. Such components include
vehicle display systems and data communication devices.

[0171] When hydration monitoring results indicative of a
disease state such as dehydration are obtained, the data
collection apparatus can alert the individual and/or others in
the individual’s vicinity of the results. For example, a pit
crew can be notified that a driver is becoming dehydrated or
a commanding officer can be notified that soldiers in his/her
command are becoming dehydrated.

Mar. 31, 2005

[0172] Although a number of implementations have been
described, changes may be made. For example, bandage
probes can be incorporated into clothing. Probe 100 can
communicate with data collection apparatus 1105 by a wired
data link. Both probe 100 and data collection apparatus 1105
can be incorporated into other items or equipment such as a
vehicle, a radio unit, a shoe, football equipment, fire fighting
equipment, gloves, hydration systems, bicycle handlebars,
and other devices. Data communication along data link 1125
can be asynchronous, and the synch operational mode elimi-
nated from data collection apparatus 1105.

[0173] As shown in FIG. 16, multiple probes (i.c., probes
500 and 500" can be deployed at different locations at an
organism 405 to monitor the hydration of the organism. In
particular, strap probe 500 is sized to encircle the thigh of
person 405 and is deployed to probe the conductivity of the
thigh of person 403, whereas strap probe 500" is sized to
encircle the lower leg of person 405 and is deployed to probe
the conductivity of the lower leg of person 405.

[0174] The measurement results from the probes 500, 500"
can be compared and correlated for calibration and error
minimization. For example, probe 500' can provide hydra-
tion measurement results that are used to identify disease
states such as congestive heart failure where water accumu-
lates in the lower legs, and probe 500 can provide hydration
measurement results that are used to calibrate the hydration
measurement results obtained using probe 500'. Such a
calibration can include making differential measurements
that accommodate variation in the hydration monitoring
results that is unrelated to cardiac failure.

[0175] FIG. 17 shows an implementation of a system that
uses multiple probes for monitoring the hydration of an
organism, namely a system 1700. In addition to one or more
data collection apparatus 1105, data management system
1110, input/output device 1115, and data storage device
1120, system 1700 includes probes 500, 500'. Probes 500,
500" can be deployed on a single organism 405 as shown in
FIG. 16. Probes 500, 500' can both establish wireless data
links 1125 with data collection apparatus 1105 to commu-
nicate information used in hydration monitoring.

[0176] Accordingly, other implementations are within the
scope of the following claims.

What is claimed is:
1. A method comprising:

monitoring a local bioelectric impedance of a portion of
an ambulatory organism using a portable probe dimen-
sioned to be continuously borne by the organism, the
portable probe exchanging electrical energy with the
portion of the organism while borne to generate data
representing a result of the hydration monitoring; and

wirelessly communicating the data representing the result
of the hydration monitoring to a remote apparatus
configured to receive the data from the portable probe.
2. The method of claim 1, wherein the portable probe
exchanges energy substantially continuously with the por-
tion of the organism to generate the hydration monitoring
result.
3. The method of claim 1, additionally comprising trans-
mitting a probe identifier to said remote apparatus.
4. The method of claim 1, additionally comprising trans-
mitting an electrode identifier to said remote apparatus.



US 2005/0070778 Al

5. The method of claim 1, additionally comprising sensing
temperature.

6. The method of claim 1, additionally comprising sensing
vasodilation.

7. The method of claim 1, comprising placing the probe
on the thigh of a subject.

8. The method of claim 1, comprising placing the probe
on the chest of a subject.

9. The method of claim 8, additionally comprising diag-
nosing pulmonary edema using said data.

10. The method of claim 1, comprising monitoring bio-
electric impedance for a period sufficient to identify a
hydration trend over time.

11. The method of claim 1, additionally comprising
automatically providing a recommendation for intervention
to alleviate a hydration condition.

12. A device comprising:

a portable hydration monitoring probe dimensioned to be
continuously borne by an organism, the probe compris-
ing

a supply of electrical power,
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at least one electrode to exchange electrical energy from
the supply with a local portion of the organism bearing
the probe,

a controller to generate data representing a result of the
hydration monitoring, the result reflecting a local bio-
electric impedance based on the exchange of electrical
energy at the electrode, and

a data communication device configured to wirelessly
communicate the data representing the hydration moni-
toring result to a remote apparatus.

13. The device of claim 12, wherein said portable hydra-

tion monitoring probe is configured as a patch probe.

14. The device of claim 12, additionally comprising a
temperature sensor.

15. The device of claim 12, comprising a plurality of
electrodes.

16. The device of claim 15, wherein each electrode is
separated from each other electrode by a distance of between
2.5 mm and 25 cm.

17. The device of claim 16, wherein said electrodes are
attached to an adhesive patch configured to be applied to the
skin of a subject.
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