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(57) ABSTRACT 
The invention generally relates to methods for measuring 
impedance change detecting a condition. In certain embodi 
ments, the invention provides a method for detecting a con 
dition that involves measuring impedance change overtime in 
a region of tissue Suspected to be associated with a condition 
to obtain an impedance signature, and comparing the imped 
ance signature to a reference signature, thereby detecting the 
condition. 
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METHODS FOR DETECTING A CONDITION 

RELATED APPLICATION 

0001. The present application claims the benefit of and 
priority to U.S. provisional application Ser. Nos. 61/432,882, 
filed Jan. 14, 2011, and 61/405,262, filed Oct. 21, 2010, the 
content of each of which is incorporated by reference herein 
in its entirety. 

FIELD OF THE INVENTION 

0002 The invention generally relates to methods for mea 
Suring impedance change in order to detect a condition. 

BACKGROUND 

0003. There has been a rapid increase in the application of 
devices to diagnose a variety of pathologies, such as neuro 
pathologies. Diagnostic techniques can rely on imaging 
methods, metabolic tests, and other methods to investigate 
changes in cells, tissues, organs, and systems. Diagnostic 
techniques may be applied invasively, e.g., by performing 
Surgery to remove a portion of the skull and implanting elec 
trodes in a specific location within brain tissue to characterize 
the tissue, or non-invasively, e.g., investigating changes in 
tissues with scalp Surface based electrodes. 

SUMMARY 

0004. The invention recognizes that measuring impedance 
change over a period of time in a particular tissue can be used 
for detecting a condition within that tissue. Every tissue has 
different electrical impedance. When the tissue is subject to 
trauma (e.g., a traumatic brain injury) or afflicted with a 
condition (e.g., a stroke, or cancer), the impedance of that 
tissue changes overtime, and the impedance change is unique 
to the condition that afflicts the tissue, i.e., a unique imped 
ance signature. For example, brain tissue that has been subject 
to a traumatic brain injury produces a different impedance 
signature than brain tissue that has been afflicted with cancer. 
Similarly, brain tissue that has been subject to a mild trau 
matic brain injury produces a different impedance signature 
than brain tissue that has been subject to a severe traumatic 
brain injury. Methods of the invention take advantage of these 
unique impedance signatures for determine injury types (e.g., 
hemorrhagic VS. ischemic strokes) and injury severity. 
0005. In certain aspects, methods of the invention involve 
measuring impedance change over time in a region of tissue 
Suspected to be associated with a condition to obtain an 
impedance signature, and comparing the impedance signa 
ture to a reference signature, thereby detecting the condition. 
In certain embodiments, the impedance signature is based on 
changes of the spectral content of the impedance measure 
ments. Methods of the invention may be used to detect or 
diagnosis any condition within tissue. Exemplary conditions 
include a heart attack, a stroke, a cancer, or a traumatic brain 
injury (e.g., a concussion). Any method known in the art may 
be used to measure impedance change. In certain embodi 
ments, measuring change involves applying energy to a 
region of tissue to obtain a measurement of impedance of the 
region of tissue at a point in time, and repeating the applying 
step one or more times over a period of time. 
0006. In addition to electrical impedance, other electro 
magnetic properties, chemical properties, optical properties, 
thermodynamic properties, mechanical properties, and/or a 
combination of properties thereof may be investigated as the 
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basis for diagnosing a condition. Characteristics can be 
tracked as a function of time, position, tissue type, applied 
energy spectral content, applied energy phase, applied energy 
direction (vector information), applied energy magnitude, 
and/or typefamount/composition of energy applied. 
0007. In certain embodiments, multiple tissue properties 
can be investigated simultaneously and correlated to diagnose 
a condition (such as for example correlating the change in 
intracranial pressure (ICP) with tissue electromagnetic 
impedance to diagnose or characterize traumatic brain 
injury), or one property can be used to predict another tissue 
property important in diagnosing or characterizing a disease 
(such as for example using an electromagnetic impedance to 
predict ICP and the extent of an injury in the brain). 
0008 Any type of energy known in the art may be used 
with methods of the invention. In certain embodiments, the 
type of energy is mechanical energy, such as that produced by 
an ultrasound device. In certain embodiments, the ultrasound 
device includes a focusing element so that the mechanical 
field may be focused. In other embodiments, the mechanical 
energy is combined with an additional type of energy, such as 
chemical, optical, electromagnetic, or thermal energy. 
0009. In other embodiments, the type of energy is electri 
cal energy, such as that produced by placing at least one 
electrode in or near the tissue. In certain embodiments, the 
electrical energy is focused, and focusing may be accom 
plished based upon placement of electrodes. In other embodi 
ments, the electrical energy is combined with an additional 
type of energy, such as mechanical, chemical, optical, elec 
tromagnetic, or thermal energy. 
0010. In particular embodiments, the energy is a combi 
nation of an electric field and a mechanical field. The electric 
field may be pulsed, time varying, pulsed a plurality of time 
with each pulse being for a different length of time, or time 
invariant. The mechanical filed may be pulsed, time varying, 
or pulsed a plurality of time with each pulse being for a 
different length of time. In certain embodiments, the electric 
field and/or the mechanical field is focused. In certain 
embodiments, low frequency, multi-polar, noninvasive bio 
electric impedance devices that can specifically classify spec 
tral tissue conductivity and permittivity changes resulting 
from histological degradation at the site of the injury are used. 
0011. The energy may be applied to any tissue. In certain 
embodiments, the energy is applied to a structure or multiple 
structures within the brain or the nervous system such as the 
dorsal lateral prefrontal cortex, any component of the basal 
ganglia, nucleus accumbens, gastric nuclei, brainstem, thala 
mus, inferior colliculus, Superior colliculus, periaqueductal 
gray, primary motor cortex, Supplementary motor cortex, 
occipital lobe, Brodmann areas 1-48, primary sensory cortex, 
primary visual cortex, primary auditory cortex, amygdala, 
hippocampus, cochlea, cranial nerves, cerebellum, frontal 
lobe, occipital lobe, temporal lobe, parietal lobe, sub-cortical 
structures, and spinal cord. In particular embodiments, the 
tissue is neural tissue, and the affect of the stimulation alters 
neural function past the duration of stimulation. 
0012 Another aspect of the invention provides methods 
for detecting a condition that involve providing a noninvasive 
transcranial stimulator, using the stimulator to measure 
impedance change over time in a region of tissue Suspected to 
be associated with a condition to obtain an impedance signa 
ture, and comparing the impedance signature to a reference 
signature, thereby detecting the condition. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The above-mentioned and other features and objects 
of this invention, and the manner of attaining them, will 
become more apparent and the invention itself will be better 
understood by reference to the following description of 
embodiments of the invention taken in conjunction with the 
accompanying drawings, wherein: 
0014 FIG. 1 is a plan view of one embodiment of an 
apparatus for applying energy to biological tissue constructed 
in accordance with the principles of the present disclosure; 
0015 FIG. 2 is a set of graphs showing that potential 
differences in tissue conductivity and permittivity are depen 
dent on type and severity of stroke. 
0016 FIG. 3 is a schematic showing part of an exemplary 
device that can be used to measure impedance change in 
tissue. 

DETAILED DESCRIPTION 

0017. The invention generally relates to methods for mea 
Suring change in tissue properties in order to detect a condi 
tion. Methods of the invention provide that at least one type of 
energy is applied to at least one tissue from at least one energy 
Source; the characteristics/distribution of energy in the tissues 
is measured, recorded, and processed; and the way in which 
the energy is changed by the tissue is analyzed. The way in 
which the tissue changes the characteristics of the energy can 
be used to characterize the tissue and diagnose potential 
pathological processes ongoing in the tissue. Tissue(s) can 
change energy as a function of time, position, tissue type, 
applied energy spectral content (frequency), applied energy 
phase, applied energy direction (vector information), applied 
energy magnitude, and/or typefamount/composition of 
energy applied. Additionally, the way in which the energy is 
changed can also be correlated to: tissue type, tissue distribu 
tion, tissue vitality, tissue age, tissue injury, tissue pathology, 
abnormal elements in the tissue, tissue metabolism, and/or 
biological processes ongoing in the tissue. The measurements 
and energy applications may be at any location on the body 
using noninvasive techniques, in the body using invasive 
techniques, and/or in an organ using invasive techniques (in 
any combination). 
0018. The invention generally relates to methods for mea 
Suring impedance change in order to detect a condition. Meth 
ods of the invention provide for tracking impedance changes 
with time (and frequency) in order to develop a spectral 
signature of an injury type. Methods of the invention may be 
applied to any injury/pathology type, where an injury type 
results in specific tissue characteristic changes with time 
(such as for example, certain aspects systems of the invention 
provide for tracking impedance changes (such as in magni 
tude and phase as a function of frequency) with time which 
are correlated with a spectral signature of an injury/pathology 
type). Furthermore the method can be used to describe the 
distribution (size, shape, and/or location), severity, and/or 
progression (as function of time and extent) of the injury/ 
pathology. 

Energy Sources 

0019 Exemplary components for applying energy to tis 
Sue are shown in Wagner et al. (U.S. patent application num 
ber 2008/0046053), the content of which is incorporated by 
reference herein in its entirety. 
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0020. Any type of energy known in the art may be used 
with methods of the invention, Such as electromagnetic, 
mechanical, thermal, optical, and/or chemical energy (ap 
plied individually or in any combination). 
0021. In certain embodiments, the type of energy is 
mechanical energy, Such as that produced by an ultrasound 
device. In certain embodiments, the ultrasound device 
includes a focusing element so that the mechanical field may 
be focused. The mechanical field may be pulsed, time vary 
ing, or pulsed a plurality of time with each pulse being for a 
different length of time. The mechanical field may be gener 
ated with low field strengths (such as with the same intensities 
already used for diagnostic ultrasound imaging) In other 
embodiments, the mechanical energy is combined with an 
additional type of energy, Such as chemical, optical, electro 
magnetic, or thermal energy. 
0022. In other embodiments, the type of energy is electri 
cal energy, such as that produced by placing at least one 
electrode in or near the tissue. In certain embodiments, the 
electrical energy is focused, and focusing may be accom 
plished based upon placement of electrodes. The electric field 
may be pulsed, time varying, pulsed a plurality of time with 
each pulse being for a different length of time, or time invari 
ant. The electric field may be generated with low field 
strengths (such as from constant current sources in mA/cm2 
or lower level intensities (or comparable low voltages if the 
current source is not considered fixed)). In other embodi 
ments, the electrical energy is combined with an additional 
type of energy, such as mechanical, chemical, optical, elec 
tromagnetic, or thermal energy. 
0023. In particular embodiments, the energy is a combi 
nation of an electric field and a mechanical field. The electric 
field may be pulsed, time varying, pulsed a plurality of time 
with each pulse being for a different length of time, or time 
invariant. The mechanical field may be pulsed, time varying, 
or pulsed a plurality of time with each pulse being for a 
different length of time. In certain embodiments, the electric 
field and/or the mechanical field is focused. 

0024 Turning now to FIG. 1, which illustrates an exem 
plary embodiment of an apparatus 10 to apply energies to 
tissue(s) in accordance with the present disclosure. An initial 
source electric field 14 results in a current in the tissue. The 
electric field 14 is created by an electric source, such as a 
current or voltage source. Electrodes 12 are applied to the 
Scalp and generate a low magnitude electric field 14 over a 
large brain region. While electrodes 12 are used and applied 
to the scalp in this exemplary embodiment, it is envisioned 
that the electrodes may be applied to a number of different 
areas on the body including areas around the scalp. It is also 
envisioned that one electrode may be placed proximal to the 
tissue being stimulated and the other distant, Such as one 
electrode on the scalp and one on the thorax. It is further 
envisioned that electric source could be mono-polar with just 
a single electrode, or multi-polar with multiple electrodes 
(such as multiple electrodes applied using a 10-20 system 
common to an EEG system, or hundreds of electrodes form 
ing a grid along the scalp). Similarly, the electric source may 
be applied to tissue via any medically acceptable medium. It 
is also envisioned that means could be used where the electric 
Source does not need to be in direct contact with the tissue, 
Such as for example, inductive magnetic sources where the 
entire tissue region is placed within a large Solenoid generat 
ing magnetic fields or near a coil generating magnetic fields, 
where the magnetic fields induce electric currents in the tis 
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sue. It is also possible multiple electrodes could be used (with 
multiple ground locations, a single ground location, or no 
ground (i.e., a floating ground)). 
0025. The electric source may be direct current (DC) or 
alternating current (AC) and may be applied inside or outside 
the tissue of interest. Additionally, the source may be time 
varying. Similarly, the Source may be pulsed and may be 
comprised of time varying pulse forms. The Source may bean 
impulse. Also, the Source according to the present disclosure 
may be intermittent. The electric field source could also work 
as a component in the imaging process. 
0026. A mechanical source Such as an ultrasound Source 
16 is applied on the scalp and provides concentrated acoustic 
energy 18, i.e., mechanical field to a focused region of neural 
tissue, affecting a smaller area of tissue (such as a group of 
neurons 22) and alters the tissue permittivity relative to the 
applied electric field 14, and thereby generating the altered 
current 20 (whereby the altered energy fields could be further 
used to investigate and characterize the tissues and diagnose 
disease). While the example herein demonstrates the acoustic 
energy focused relative to the electrical energy, applications 
where both are unfocused is also possible (and any mixture of 
focused and unfocused energies is contemplated). The 
mechanical source may be any acoustic source Such as an 
ultrasound device. Generally, such device may be a device 
composed of electromechanical transducers capable of con 
Verting an electrical signal to mechanical energy Such as those 
containing piezoelectric materials, a device composed of 
electromechanical transducers capable of converting an elec 
trical signal to mechanical energy Such as those in an acoustic 
speaker that implement electromagnets, a device in which the 
mechanical Source is coupled to a separate mechanical appa 
ratus that drives the system, or any similar device capable of 
converting chemical, plasma, electrical, nuclear, or thermal 
energy to mechanical energy and generating a mechanical 
field. 

0027. Furthermore, the mechanical field could be gener 
ated via an ultrasound device. Such as an ultrasound trans 
ducer that could be used for imaging tissue. The mechanical 
field may be coupled to tissue via a bridging medium, Such as 
a container of saline to assist in the focusing or through gels 
and/or pastes which alter the acoustic impedance between the 
mechanical source and the tissue. The mechanical field may 
be time varying, pulsed, an impulse, or may be comprised of 
time varying pulse forms. It is envisioned that the mechanical 
source may be applied inside or outside of the tissue of inter 
est 

0028. There are no limitations as to the frequencies that 
can be applied via the mechanical source, however, exem 
plary mechanical field frequencies range from the sub kHZ to 
1000 s of MHz. Additionally, multiple transducers providing 
multiple mechanical fields with similar or differing frequen 
cies, and/or similar or different mechanical field waveforms 
may be used-such as in an array of sources like those used in 
focused ultrasound arrays. Similarly, multiple varied electric 
fields could also be applied. Additionally, there are no limi 
tations as to the frequencies that can be applied via the elec 
trical Source, however, exemplary electrical field frequencies 
range from the DC to 100 s of kHz (for electromagnetic 
impedance changes in tissue in the alpha dispersion band 
where complex impedance changes can be significant). 
0029. The combined fields, electric and mechanical, may 
be controlled intermittently to generate specific energy pat 
terns in bandwidths particular to a disease being investigated. 
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For example, the device may produce a periodic signal at a 
fixed frequency, or high frequency signals at a pulsed fre 
quency (such as where energies are applied simultaneously to 
cause cellular stimulation, such as detailed in Wagner et al. 
(U.S. patent application number 2008/0046053), while 
simultaneously at least one of the energies is used in the 
process to diagnose or characterize a pathology). The ultra 
Sound source may be placed at any location relative to the 
electrode locations, i.e., within, on top of below, or outside 
the same location as the electrodes as long as components of 
the electric field and mechanical field are in the same region. 
The locations of the sources should be relative to each other 
such that the fields intersect relative to the tissue and cells to 
be investigated. 
0030 The apparatus and method where the electromag 
netic and acoustic source are coupled, and devices such as 
those explained in (U.S. patent application number 2008/ 
0046053), generate capacitive currents via impedance alter 
ations, which can be significant in magnitude, especially in 
the presence of low frequency applied electric fields (this 
additional property of using combined energies can be used in 
the exploration of the tissues properties explained below). A 
displacement current is generated by the modification of the 
permittivity in the presence of the electric field and provides 
an additional signal that can be investigated for disease diag 
nosis and characterization. In addition to the main permittiv 
ity change that occurs in the tissues, a conductivity change 
could also occur in the tissue, which secondarily alters the 
ohmic component of the currents. In a further embodiment, 
the displacement current generation and altered ohmic cur 
rent components may combine and be investigated for disease 
diagnosis and characterization. 
0031. Although the process which combines two energy 
fields, such as an electrical and mechanical field, to generate 
an altered current may be accomplished at any frequency of 
the applied electric field, the method in an exemplary embodi 
ment is applied with lower frequency applied electric fields 
due to the fact the permittivity magnitudes of tissues, as high 
as or greater than 108 times the permittivity of free space, 
and the electric field penetration depths are highest for low 
frequency applied electric fields. Higher frequency applied 
electric fields may be less desirable as they will require 
greater radiation power to penetrate the tissue and/or a more 
pronounced mechanical source for permittivity alteration to 
achieve the same relative tissue permittivity change, i.e., at 
higher applied electric field frequencies the permittivity of the 
tissue is lower and as such would need a greater overall 
perturbation to have the same overall change in permittivity 
of a tissue as at a lower frequency. Applied electric field 
frequencies in the range of DC to approximately 100,000 Hz 
frequencies are advantageous due to the high tissue permit 
tivity in this frequency band and the high penetration depth 
for biological tissues at these frequencies. In this band, tissues 
are within the so called alpha dispersion band where relative 
tissue permittivity magnitudes are maximally elevated (i.e., 
as high as or greater than 108 times the permittivity of free 
space). Frequencies above approximately 100,000 to 1,000, 
000 Hz for the applied electric fields are still applicable for the 
method described in generating displacement currents for the 
stimulation of biologic cells and tissue. 
0032. In the higher range (above 1,000,000 Hz), the mag 
nitude of the applied electric field needs to be increased, or the 
method used to alter the permittivity relative to the applied 
electric field increased to bring about a greater permittivity 
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change, relative to the tissue's permittivity magnitude for the 
applied electric field frequency. The technique could still be 
applied in more Superficial applications in a noninvasive man 
ner or via an invasive method. Higher frequency applied 
electric fields, above 1,000,000 to 100,000,000 Hz, could be 
also used in generating displacement currents for the stimu 
lation of biologic cells and tissue. 
0033 Although the specific example of FIG. 1 demon 
strates a method to provide energy through multiple sources, 
the diagnostic methods in this disclosure can be accom 
plished with: just one of the energies individually, multiple 
energies applied and the energies analyzed individually to 
investigate different aspects of the tissue change (e.g., where 
mechanical changes and electromagnetic changes are ana 
lyzed individually), multiple energies are applied and ana 
lyzed together, where multiple energies are applied and the 
impact of energy modification (e.g., displacement current 
generation) is used as the basis to investigate tissue change, 
multiple energies applied for one purpose (such as tissue 
stimulation) and one individual energy is simultaneously 
applied to investigate tissue change, and/or in any permuta 
tion (multiple energy sources of the same energy source may 
also be applied, such as with varying characteristics of Source 
frequency, phase, amplitude, timing, direction (energy vector 
properties)). 
0034 Systems and methods of the invention may include 
a focusing element. The focusing element may focus either 
the electric field, the mechanical field, or both simultaneously 
(or any energy being applied). In certain embodiments, the 
focusing element focuses both the electric field and the 
mechanical field. The focusing element may be composed of 
inert material (such as a lens) or active material. The focusing 
element may be designed Such that it is acoustically and/or 
electrically matched and/or coupled with the electric field or 
mechanical field that transmits through them (for example, 
one could use the matching and/or coupling to limit the 
attenuation and/or modification (i.e., dispersion effects, 
phase shifting, beam focus, etc) of the mechanical field or 
electric field), and/or to alter the mechanical fields properties 
Such as to be ideal for stimulation, for example through 
matching the acoustic impedances of the Sources with the 
material of the focusing interface and/or the tissues. 
0035. The focusing element could also have its electro 
magnetic properties matched and/or altered relative to the 
electrical source to facilitate the energy application alteration 
(such as by matching all of the electric impedances of the 
relevant parts through the appropriately designed focusing 
element). In certain embodiments, the focusing element is 
filled with a fluid through which the mechanical field can 
travel unimpeded where the electrode is an electrically con 
ducting thin latex like membrane (connected to a Voltage or 
current source) that is coated in a conducting ultrasound gel at 
the tissue-interface boundary through which the ultrasound 
energy can transmit. The fluid above the membrane could be 
non-conducting Such as to prevent the spread of the electric 
field into the fluid (such that electrical energy focused 
towards the underlying tissue does not spread to the fluid 
above contained within the interface component). This con 
cept of matching the properties may be applied in any permu 
tation (via the focusing element and/or the tissues and/or with 
any potential sources, including the primary electrical Source 
(s) and/or any means for altering the tissue electromagnetic 
properties (i.e., the ultrasound/mechanical field and/or source 
(s), chemical agent and/or source(s), thermal field and/or 
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Source(s), optical field/beam and/or source(s), and/or second 
ary electromagnetic field and/or source(s))). 
0036. As the electric field is to be coupled to the mechani 
cal field, the focusing element itself can be comprised of 
materials, active and/or inert, that serve as a bridging 
medium, thus creating an interface, and thereby appropriately 
couple and/or match the acoustic characteristics and/or elec 
tromagnetic properties between the mechanical source and/or 
fields (or other means for altering electromagnetic character 
istics) and/or the electric source and/or fields and/or the tis 
Sues to augment the stimulation. This can be done for 
example, by having the focusing element at least in part 
capable of actively and/or passively matching and/or altering 
the electrical and acoustic impedances of the interface to the 
electrical and mechanical field frequencies that are tuned for 
the diagnostic measurement being made, and/or actively and/ 
or passively matching and/or altering the electrical and acous 
tic impedances of the interface to the sources such that the 
Sources themselves are matched and more efficient in use, 
and/or altering its interface materials such that the speed of 
Sound and/or light is changed in them so that the fields that 
impinge on the tissue to be investigated in the targeted tissue, 
and/or altering the dispersive properties of its interface mate 
rials so the mechanical and/or electrical fields have a control 
lable frequency dependent behavior in the materials such as to 
tune the field frequencies to diagnostic measure and band 
width being investigated, and/or making its interface materi 
als capable of filtering the fields as to tune the fields to diag 
nostic measure, and/or altering the densities of the interface 
materials altering the transmission offields through the inter 
face to maximize diagnostic information that can be captured 
from applied energy, and/or allowing its interface materials to 
shift the phase of individual fields thereby restructuring the 
waveforms that impinge on the tissue, and/or altering the 
focus or targeting of the fields to apply energy to different 
tissue targets, and/or altering the orientation of the vector field 
components thereby potentially altering the energy response 
of the tissue being investigated (for example exploring aniso 
tropic tissue properties), and/or altering the magnitude of the 
fields to maximize diagnostic information that is determined 
from the measurements, and/or altering the field waveform 
dynamics/shapes to focus on the timing of the diagnostic 
measure being made, etc. 
0037. Any material and/or sub-property in a focusing and/ 
orinterface element could be actively or passively modified to 
focus the fields and/or alter the field properties of the energy 
applied as part of this diagnostic procedure. For example the 
impedance to energy (e.g., electrical, magnetic, electromag 
netic, acoustic, thermal, optical, etc.), penetration depth of 
energy, Velocity of propagation of energy, phase Velocity of 
energy, group Velocity of energy, reflection properties to 
energy, refraction properties to energy, Scattering properties 
to energy, diffraction properties to energy, interference prop 
erties to energy, absorption properties to energy, attenuation 
properties to energy, birefringence properties to energy, 
refractive properties to energy, charge density (e.g., free, 
paired, ionic, etc.), conductivity to energy, fluid content, ionic 
concentrations, electrical permittivity, electrical conductiv 
ity, electrical capacitance, magnetic permeability, elasticity 
properties, stress properties, strain properties, combined 
properties to multiple energy types (e.g., electroacoustic 
properties, electrothermal properties, electrochemical prop 
erties, etc), piezoelectric properties, piezoceramic properties, 
condensation properties, magnetic properties, stiffness prop 
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erties, viscosity properties, gyrotropic properties, uniaxial 
properties, anisotropic properties, bianisotropic properties, 
chiral properties, Solid state properties, optical properties, 
ferroelectric properties, ferroelastic properties, density, com 
pressibility properties, kinematic viscosity properties, spe 
cific heat properties, Reynolds number, Rayleigh number, 
Damkohler number, Brinkman number, Nusselt Schmidt 
number, number, Peclet number, bulk modulus, Young's 
modulus, Poisson’s ratio. Shear Modulus, Prandtl number, 
Adiabatic bulk modulus, entropy, enthalpy, pressure, heat 
transfer coefficient, heat capacity, friction coefficients, diffu 
sivity, temperature, thermal conductivity, weight, dimen 
sions, position, Velocity, acceleration, shape, convexity mass, 
molecular concentration of any material and/or group of 
materials could be modified to focus the fields and/or alter the 
field properties for stimulation (materials can be synthetic, 
biological, natural, and solids, gasses, liquids, and/or plas 
mas). Additional examples of methods and/or systems of 
focusing and or modifying the properties of a field for this 
diagnostic procedure include using elements such as lenses 
(of any type (e.g., optical, electromagnetic, electrical, mag 
netic, acoustic, thermal, chemical, etc) which can have their 
focusing properties modified or tuned); using waveguides; 
using fiber optics; phase matching between materials; imped 
ance matching between materials; using reflection, refrac 
tion, diffraction, interference, and/or scattering methods. 
0038 Energy may be applied in a single application in 
time (such as for comparing a tissue to a typical tissue value 
stored in a database), or in applying energy more times over a 
period of time (such as for analyzing how a tissue property 
changes with time, for example as would be used in identify 
ing a typical impedance signature of impedance changes in a 
tissue as a function of time). 

Transduction Unit/System to Measure Applied Energy 
Characteristics Across Tissue/Processing Unit 
0039. The process for diagnosing a disease or character 
izing the disease as a function of the way in which the applied 
energy is affected by the tissue requires measuring character 
istics of the energy field across the tissue (Such as for example 
measuring tissue impedances (both amplitude and phase) as a 
function of frequency, time, and position to diagnose a dis 
ease). Dependent on the energy type, numerous methods can 
be employed to make contact (direct (e.g., implanted elec 
trode) and/or indirect (inductive)) with the tissue(s) under 
investigation and serve as the recording point of the energy 
distribution in the tissue(s). Such as for example using: body 
surface electrodes (polarizable or non-polarizable electrodes) 
Such as those as for example an electrode places on the scalp 
(solid metal or flexible electrodes) to record an electromag 
netic Voltage or current signal; implantable microelectrodes 
to record an electromagnetic Voltage or current signal; needle 
electrodes to record an electromagnetic Voltage or current 
signal; capacitive or conductive electrodes; any material with 
known electromagnetic properties in which an electrical con 
tact can be made between the tissue and the electrical system 
exploring the electromagnetic characteristics of the tissue; an 
acoustic transduction mechanism; microphone systems; 
pressure meters; scales; piezo-electric materials; Strain 
gauges; linear variable differential transformers; optoelec 
tronics; semiconductor materials whose properties changes 
with pressure (or any energy interaction, such as optical, 
mechanical, electrical, thermal energy); fluid based interfaces 
where changes in fluid properties can be used to measure 
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energy characteristics; elements whose resistance, induc 
tance, capacitance, and or impedance changes with pressure 
(or any energy interaction, such as optical, mechanical, elec 
trical, thermal energy); optical materials whose characteris 
tics thermometers changes with pressure (or any energy inter 
action, such as optical, mechanical, electrical, thermal 
energy); chemical biosensors; displacement measurement 
sensors; resistive sensors; bridge circuits; inductive sensors; 
capacitive sensors; piezoelectric sensors; temperature sen 
sors; thermocouples; thermistors; radiation thermometers; 
fiber optic temperature sensors; optical sensors; mechanical 
sensors; thermal sensors; electrical sensors; radiation sen 
sors; combined sensors (e.g., electrochemical sensors); liquid 
and or gas filled pressure sensors; and/or devices and/or 
mechanisms such as those described in Medical Instrumen 
tation Application and Design by John G. Webster (Feb. 3, 
2009) or Principles of Applied Biomedical Instrumentation 
by L. A. Geddes and L. E. Baker (1989) (such as ones nor 
mally used to record bio-potentials, but now used to record 
energy distributions that are artificially applied to the system 
(the sensors can also be used to record biologically produced 
bio-potentials)), the references which are incorporated by 
reference herein in their entirety. Furthermore any element 
used to provide energy (such as those explained above in the 
Energy sources section) can be used in an inverse manner to 
record energy. 
0040 Generally, the method/device used to interface with 
tissue(s) is implemented in a manner where the energy 
changes they are recording are transduced to an electrical 
signal (such as with transduction processes described in 
Medical Instrumentation Application and Design by John G. 
Webster (Feb. 3, 2009) or Principles of Applied Biomedical 
Instrumentation by L. A. Geddes and L. E. Baker (1989)). 
These components are then connected with a means to con 
dition, amplify, and/or process the signal, for example, this 
can be an electrical device that includes components such as 
an amplifier system(s), a filtering system(s), and/or a process 
ing unit(s). Amplification systems may consist of a preampli 
fier, which would exist neart on the tissue interface, and poten 
tially a second amplification system used after the system is 
filtered. The filtering could be applied before and/or after 
amplification. This can involve individual components and/or 
an integrated unit(s). The system could be comprised of 
mechanical, thermal, electrical (digital and/or analog), opti 
cal, and/or chemical components. The signal could be pro 
cessed in an analog or digital format (which would be digi 
tally sampled after the signal was conditioned (and amplified 
if necessary)). For all of the electrical signals recorded from 
the tissue, the process could be accomplished via measure 
ments made relative to: a single ground point, multiple 
ground locations, or no ground (a floating ground). 
0041 While an electrical device will be preferred in most 
typical uses (and primarily used as the base examples herein), 
a device based on mechanical components or analogs to elec 
trical components could be fabricated for use in some envi 
ronments (such as for example a device based on mechanical 
components (such as springs, pneumatics, and other 
mechanical components) might be useful for synchronous 
use during MRI imaging, where electrical noise from an 
electrical device and/or components might need to be 
removed)). Furthermore, any energy signal (electromagnetic, 
mechanical, thermal, optical, chemical) can be recorded, pro 
cessed, and/or analyzed with a system based on electromag 
netic, mechanical, thermal, optical, and/or chemical means. 
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0042. The recorded energy signal can be processed to 
simply give a value of the energy characteristic being mea 
Sured, or analyzed along multiple levels and analyzed as 
functions of time, position, tissue being investigated, applied 
energy spectral content (frequency), applied energy phase, 
applied energy direction (vector information), applied energy 
magnitude, and/or typefamount/composition of energy 
applied. Additionally, the way in which the energy is changed 
can also be correlated to and/or used to predict: tissue type, 
tissue distribution, tissue vitality, tissue age, tissue injury 
(including type of injury in tissue, extent of injury, shape of 
injury, progression of injury), tissue pathology (including 
type of pathology in tissue, extent of pathology, shape of 
pathology, progression of pathology), abnormal elements in 
the tissue, chemical distribution in tissue, ionic distribution in 
tissue, cellular distribution in tissue, tissue metabolism, and/ 
or biological processes ongoing in the tissue. 
0043. The recorded energy characteristics in the tissue 
being investigated can be compared to the characteristics of 
the Source energy itself and/or used to determine character 
istics of the tissue being investigated. Such as for example, 
electrical energy can be applied to tissue(s) from an electrical 
Source. Such as a Voltage controlled or current controlled 
Source. This corresponding current or Voltage driving the 
system can be used to determine the tissue impedance based 
on a non fixed signal which is recorded from an electrical 
sensor and through an amp meters and/or Voltage meters (or 
power measurements)). For example, if energy is provided 
with a controlled current source but the voltage is allowed to 
vary depending on the tissue impedance, the tissue imped 
ance can be determined based on the Voltage necessary to 
drive the system (with the fixed voltage) where the impedance 
is simply a function of the measured Voltage signal divided by 
the applied controlled current signal. To focus on the fre 
quency dependence of the impedance, the impedance calcu 
lations can be done in the complex space (such as where 
impedance calculations can be done with methods such as 
those described in Electric Circuits by James W. Nilsson and 
Susan Riedel (2010)) where the impedance calculations can 
be tracked in magnitude and phase in the complex space- and 
the energy would be applied in fixed frequency steps span 
ning the band of interest. Ultimately, current, Voltage, and/or 
total power could be used in this process, through calculations 
such as those explained in (Electric Circuits by James W. 
Nilsson and Susan Riedel (2010)), where the transduction 
unit serves as a complex impedance meter. When exploring 
inductance based energy sources, the methods to determine 
energy distributions will have to take into account potential 
voltmeter (if used) corrections that would be needed, as 
shown in (Romer, R., What Do Voltmeters Measure Farady 
Law in a Multiply Connected Region. Am. J. Phys., 1982. 
50(12): p. 1089-1093.) the content of which is incorporated 
by reference herein in its entirety. 
0044 Additionally, while a specific example based on 
electromagnetic tissue impedance as the material property 
that can be tracked/analyzed to diagnose a condition in a 
tissue is described herein, the process for investigating the 
tissue can be based on numerous energy types (electromag 
netic, thermal, optical, mechanical, and/or thermal), and 
based on numerous tissue material properties that act on the 
energy, for example this includes a tissues (and/or group of 
tissues): impedance to energy (e.g., electromagnetic, 
mechanical (which includes Sonic (a.k.a. acoustic) energy), 
thermal, optical, etc.), impedance to energy as a function of 
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energy frequency, impedance to energy as a function of 
energy direction? orientation (i.e., vector behavior), imped 
ance to energy as a function of time (such as from the last 
application of energy or at a specific time point (such as could 
be relative to a tracked process), impedance to energy as a 
function of tissue position and/or tissue type, impedance to 
energy as a function of energy phase, impedance to energy as 
a function of energy temporal behavior, impedance to energy 
as a function of other energy type applied and/or the charac 
teristics of the other energy type (such as for a combined 
energy application where an additional energy type(s) is 
applied to modify the impedance of one tissue relative to 
other energy types that are applied), impedance to energy as 
function of tissue velocity (for tissue(s) moving relative to the 
energy and/or the Surrounding tissue(s) moving relative to a 
targeted tissue), impedance to energy as a function of tissue 
temperature, impedance to energy as a function of physi 
ological processes ongoing in tissue(s), impedance to energy 
as a function of pathological processes ongoing in tissue(s), 
and/or impedance to energy as a function of applied chemi 
cals (applied directly or systemically). 
0045. The relationship between individual impedance 
properties to an energy or energies (such as for example the 
relationship that electrical conductivity, electrical permittiv 
ity, and/or electrical permeability have to each other) can be 
the material property that can be tracked/analyzed to diag 
nose a condition in a tissue. Other material properties can be 
tracked/analyzed to diagnose a condition in a tissue, includ 
ing: the velocity of propagation of energy in the tissue(s), 
phase Velocity of energy in the tissue(s), group Velocity of 
energy in the tissue(s), reflection properties to energy of the 
tissue(s), refraction properties to energy of the tissue(s), Scat 
tering properties to energy of the tissue(s), diffraction prop 
erties to energy of the tissue(s), interference properties to 
energy of the tissue(s), absorption properties to energy of the 
tissue(s), attenuation properties to energy of the tissue(s), 
birefringence properties to energy of the tissue(s), and refrac 
tive properties to energy of the tissue(s). This can further 
include a tissue(s): charge density (e.g., free, paired, ionic, 
etc.), conductivity to energy, fluid content, ionic concentra 
tions, electrical permittivity, electrical conductivity, electrical 
capacitance, electrical inductance, magnetic permeability, 
inductive properties, resistive properties, capacitive proper 
ties, impedance properties, elasticity properties, stress prop 
erties, strain properties, combined properties to multiple 
energy types (e.g., electroacoustic properties, electrothermal 
properties, electrochemical properties, etc), piezoelectric 
properties, piezoceramic properties, condensation properties, 
magnetic properties, stiffness properties, viscosity proper 
ties, gyrotropic properties, uniaxial properties, anisotropic 
properties, bianisotropic properties, chiral properties, Solid 
state properties, optical properties, ferroelectric properties, 
ferroelastic properties, density, compressibility properties, 
kinematic viscosity properties, specific heat properties, Rey 
nolds number, Rayleigh number, Damkohler number, Brink 
man number, Nusselt Schmidt number, number, Peclet num 
ber, bulk modulus, Young's modulus, Poisson’s ratio, Shear 
Modulus, Prandtl number, Adiabatic bulk modulus, entropy, 
enthalpy, pressure, heat transfer coefficient, heat capacity, 
friction coefficients, diffusivity, porosity, mechanical perme 
ability, temperature, thermal conductivity, weight, dimen 
sions, position, Velocity, acceleration, shape, convexity mass, 
molecular concentration, acoustic diffusivity, and/or coeffi 
cient of nonlinearity. 
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0046 When multiple energy types are applied, they can be 
analyzed individually or in combination, as shown for 
example in Wagner et al. (U.S. patent application Ser. No. 
13/216,282). The energy types can be analyzed independent 
of each other (such as where acoustic and electrical energy are 
applied to the tissue at separate locations and the fields are not 
interacting at the sites of application), or as combined ener 
gies (such as where acoustic and electrical energy interact in 
a targeted region of tissue). 
0047. In some embodiments, the transduction/analysis 
unit can be integrated with the energy source. For example, 
the electrodes that apply the energy (from an electrical 
Source) can also be used as the element to record the energy 
once it is applied to the tissue (where the electrical source can 
be integrated with the transduction and analysis system). 
Multiple transduction mechanisms (such as an electrode 
array) could also be used. Additionally, the energy source and 
recording units can be alternated in function (and/or be used 
for multiple functions such as if multiple electrodes are being 
used, electrodes could apply energy at one frequency while 
simultaneously recording the energy distributions in the tis 
Sue at another frequency). The method/systems described 
herein can also be accomplished with a separate source and 
recording systems (even though they can be comprised of the 
same mechanisms (e.g., the methods and devices described as 
energy sources could also be used as energy recording ele 
ments if used in an inverse manner, Such as for example 
electrodes could be used to record energy signals and serve as 
the source of energy)). 

Pattern Recognition Unit/Advanced Processing 
0048. The pattern recognition unit is communicating with 
the electrical transduction unit to receive the obtained tissue 
characteristic (such as an impedance signature) and analyze 
the received signature by comparing it to a database of refer 
ence signatures. A match between the obtained signature and 
a reference signature in the database provides a diagnosis of 
the condition. The severity of the condition is also determined 
based upon which reference signature matches the obtained 
signature. The database could be as simple as containing one 
single criteria relative to the measurements to multiple per 
mutations and combinations of criteria relative to the mea 
Surements to be used to diagnose as disease. 
0049 Furthermore, one can calculate the predicted energy 
field distribution expected in the tissues (and at the location 
where the fields will be recorded from the recording elements 
and transduction units) and compare it to the energy record 
ings to characterize the tissue under investigation. Such as for 
example, one could predict an expected electromagnetic field 
from impedance values known from healthy tissue (or an 
earlier tissue sample, such as from a prior recording), where 
the prediction of the field distributions could be made from 
methods described in Wagner et al. (U.S. patent application 
Ser. No. 13/216,282), and then one could compare the pre 
dicted field distribution (as predicted at the location of the 
recording elements) to what is recorded at the transduction 
unit to further determine how the tissue being investigated has 
deviated from the healthy state (or earlier recorded state). For 
example one could predict a electromagnetic field distribu 
tion, at a particular applied field frequency, based on a solu 
tion to Poison’s Equation in the tissue, as a function of the 
tissue anatomy/distribution (such as could be determined 
from an earlier MRI from a patient, or a standard model 
developed to represent healthy tissue? systems based on pre 
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recorded tissue values and general anatomy characteristics of 
a system under study) or as a function of standard model (Such 
as multi-sphere model designed to represent the Subject under 
study) and known electromagnetic impedance of the tissue 
and the source energy properties, and then compare the pre 
dicted field distributions with those that are recorded. These 
type of comparisons could be used to determine changes in 
the energy fields, such as a change(s) in an energy fields: 
magnitude, position, dynamic behavior (i.e., behavior as a 
function of time), static behavior, behavior in the frequency 
domain, phase information, orientation/direction of energy 
fields (i.e., vector behavior), duration of energy application 
(in single or multiple sessions), typefamount/composition of 
energy (such as for electromagnetic energy, the energy stored 
in the electric field, the magnetic field, or the dissipative 
current component (such as could be described with a Poynt 
ing Vector)), and/or the relationship between multiple energy 
types (e.g., magnitude, timing, phase, frequency, direction, 
and/or duration relationship between different energy types 
(such as for example for an electromechanical energy (i.e., 
energy provided from mechanical field source. Such as ultra 
Sound device, and an electrical field source. Such as an elec 
trode) pulse, the amount of energy stored in an acoustic 
energy pulse compared with that stored in an electric pulse)). 
Furthermore this comparison could be used to predict or 
describe characteristics of the tissue being studied, including 
tissue characteristics such as: tissue type, tissue distribution, 
tissue vitality, tissue age, tissue injury (including type of 
injury in tissue, extent of injury, shape of injury, progression 
of injury), tissue pathology (including type of pathology in 
tissue, extent of pathology, shape of pathology, progression of 
pathology), abnormal elements in the tissue, chemical distri 
bution in tissue, ionic distribution in tissue, cellular distribu 
tion in tissue, tissue metabolism, and/or biological processes 
ongoing in the tissue. 
0050. The pattern recognition unit can include computer 
storage. The storage can be in the form of one or more com 
puter-readable mediums having data and/or executable 
instructions (also called computer programs, code, or soft 
ware) stored thereon or therein. The software is for perform 
ing various computer-implemented processing operations 
Such as any or all of the various operations, functions, and 
capabilities described herein. In certain embodiments, the 
processing operations include accessing a database of refer 
ence signatures and comparing the obtained signature to the 
reference signatures in the database. 
0051. The term “computer-readable medium' is used 
herein to include any medium capable of storing data and/or 
storing or encoding a sequence of computer-executable 
instructions or code for performing the processing operations 
described herein. The media and code can be those specially 
designed and constructed for the purposes of the invention, or 
can be of the kind well known and available to those having 
ordinary skill in the computer and/or Software arts. Examples 
of computer-readable media include computer-readable stor 
age media Such as: magnetic media Such as fixed disks, floppy 
disks, and magnetic tape; optical media such as Compact 
Disc-Read Only Memories (“CD-ROMs) and holographic 
devices; magneto-optical media such as floptical disks; 
memory sticks “flash drives” and hardware devices that are 
specially configured to store and execute program code. Such 
as Application-Specific Integrated Circuits (ASICs'), Pro 
grammable Logic Devices (“PLDs), Read Only Memory 
(“ROM) devices, and Random Access Memory (“RAM) 
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devices. Examples of computer-executable program instruc 
tions or code include machine code. Such as produced by a 
compiler, and files containing higher level code that are 
executed by a computer using an interpreter. For example, an 
embodiment of the invention may be implemented using 
Java, C++, or other programming language and development 
tools. Additional examples of instructions or code include 
encrypted code and compressed code. Other embodiments of 
the invention can be implemented in whole or in part with 
hardwired circuitry in place of, or in combination with, pro 
gram instructions/code. 
0052. The software can run on a local computer, a dedi 
cated chip/microprocessor unit, and/or a remote computer 
accessed via network connections. The computer may be a 
desktop computer, a laptop computer, a tablet PC, a cellular 
telephone, a Blackberry, or any other type of computing 
device. The computer machine can include a CPU, a ROM, a 
RAM, an HDD (hard disk drive), an HD (hard disk), an FDD 
(flexible disk drive), an FD (flexible disk), which is an 
example of a removable recording medium, a display, an OF 
(interface), a keyboard, a mouse, a scanner, and a printer. 
These components are respectively connected via a bus and 
are used to execute computer programs described herein. 
Here, the CPU controls the entire computer machine. The 
ROM stores a program such as a boot program. The RAM is 
used as a work area for the CPU. The HDD controls the 
reading/writing of data from/to the HD under the control of 
the CPU. The HD stores the data written under the control of 
the HDD. The FDD controls the reading/writing of data from/ 
to the FD under the control of the FDD. The FD stores the data 
written under the control of the FDD or causes the computer 
machine to read the data stored in the FD. The removable 
recording medium may be a CD-ROM (CD-R or CD-RW), 
an, a DVD (Digital Versatile Disk), a memory card or the like 
instead of the FD. The display displays data such as a docu 
ment, an image and functional information, including a cur 
Sor, an icon and/or a toolbox, for example. The display may be 
a CRT, a TFT liquid crystal display, or a plasma display, for 
example. The I/F may be connected to the network such as the 
Internet via a communication line and is connected to other 
machines over the network. The I/Ftakes charge of an internal 
interface with the network and controls the input/output of 
data from/to an external machine. A modem or a LAN 
adapter, for example, may be adopted as the I/F. The keyboard 
includes keys for inputting letters, numbers and commands 
and is used to input data. The keyboard may be a touch-panel 
input pad or a numerical keypad. The mouse is used to move 
a cursor to select a range to move or change the size of a 
window. A trackball or joystick, for example, may be used as 
a pointing device if it has the same functions. 

Reference Signatures 
0053 Systems of the invention include a pattern recogni 
tion unit that can compare the obtained tissue signature to a 
reference signature, thereby detecting the condition (such as 
an frequency dependent electrical impedance change which 
changes with time). 
0054 For tracking electrical impedance changes in tissues 
to diagnose a disease, it has been discovered that impedance 
signatures for conditions are the same across different mam 
mals (and/or that the trends in tissue characteristics seen from 
tissue injuries, tissue pathologies, or tissue modifications are 
similar across different species). For example, the electrical 
impedance signature obtained from rat tissue that has been 
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Subject to a traumatic brain injury will demonstrate the same 
characteristic changes in the impedance signature obtained 
from human tissue that has been Subject to the same type of 
traumatic brain injury (the way in which the tissue changes 
across species to an injury primarily depends on the tissue and 
injury type (not the species from which the recordings are 
made), and although the way in which applied electromag 
netic energy distributes across a species is dependent on the 
geometry and tissue distribution in the species being investi 
gated, the way in which the electromagnetic impedance tissue 
changes effect the energy distributions is the same across 
species). In methods of the invention, the obtained signatures 
for different conditions are used as reference signatures, e.g., 
the impedance signature obtained from rat tissue Subject to a 
traumatic brain injury is a reference signature for traumatic 
brain injuries and the impendance signature obtained from rat 
tissue Subject to a stroke is a reference signature for strokes. 
An entire database of different signatures for different con 
ditions can be constructed and used as a reference database. 
An impedance signature can then be obtained from a region of 
tissue Suspected to be associated with a condition, and that 
signature can be compared to the obtained reference signa 
tures. A match between the test signature and the reference 
signature provides a diagnosis of the condition. 
0055 Methods for inflicting both mild and severe trau 
matic brain injury, e.g. mild and severe concussions, are 
shown in McIntosh et al. (Neuroscience, 28(1):233-244. 
1989) and Sanders et al. (Brain Res 904(1):141-144, 2001), 
the content of each of which is incorporated by reference 
herein in its entirety. Such injuries of varying severity can be 
inflicted on rat brain tissue and impedance change over time 
can be measured to obtain impedance signatures fortraumatic 
brain injuries of differing severities. The time period need 
only be long enough to record an impedance change in the 
tissue. Exemplary time periods can be multiple measure 
ments over a few seconds, to every 30 seconds, to every 1 
minute, to every 10 minutes, to every 20 minutes, to every 30 
minutes, to every hour, to every couple of hours, to every day, 
etc. 

0056 Methods for inducing cancers in animals, e.g., mice 
and rats, are known in the art. The Stanford University Medi 
cal Center, Cancer Service (Stanford, Calif. 94305) offers 
commercially available services for inducing different can 
cers in animals for use in modeling cancers for diagnosis. 
Different cancers can be induced in different tissues of an 
animal and impedance change over time can be measured to 
obtain impedance signatures for different cancers. The time 
period need only be long enough to record an impedance 
change in the tissue. Exemplary time periods can be multiple 
measurements over a few seconds, to every 30 seconds, to 
every 1 minute, to every 10 minutes, to every 20 minutes, to 
every 30 minutes, to every hour, to every couple of hours, to 
every day, etc. 
0057 Methods of inducing strokes in animals are shown in 
Beech et al. (Brain Res 895(1-2):18-24, 2001), Carmichael 
(NeuroRX, 203): 396–409, 2005), Chen (Stroke, 17(4): 738 
743, 1986), Graham et al. (Comp Med, 54(5): 486-496, 
2004), and Watson et al. (Ann Neurol, 17(5):497-504, 1985), 
the content of each of which is incorporated by reference 
herein in its entirety. Strokes of varying severity can be 
induced in animal brain tissue and impedance change over 
time can be measured to obtain impedance signatures for 
strokes of differing severities. The time period need only be 
long enough to record an impedance change in the tissue. 
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Exemplary time periods can be multiple measurements overa 
few seconds, to every 30 seconds, to every 1 minute, to every 
10 minutes, to every 20 minutes, to every 30 minutes, to every 
hour, to every couple of hours, to every day, etc. 
0058 Methods of inducing myocardial infarctions in ani 
mals are shown in Peukurt et al. (Int J Cardiovasc Imaging, 
(5):529-535, 2009), the content of each of which is incorpo 
rated by reference herein in its entirety. Myocardial infarc 
tions of varying severity can be induced in animal heart tissue 
and impedance change over time can be measured to obtain 
impedance signatures for myocardial infarctions of differing 
severities. The time period need only be long enough to 
record an impedance change in the tissue. Exemplary time 
periods can be multiple measurements over a few seconds, to 
every 30 seconds, to every 1 minute, to every 10 minutes, to 
every 20 minutes, to every 30 minutes, to every hour, to every 
couple of hours, to every day, etc. 
0059. Furthermore, the methods outlined herein could be 
used in the species under examination, such as humans, where 
a known condition is investigated across a sample of patients 
and the characteristics of the disease are statistically analyzed 
(such as with methods described in Statistics, 11th Edition by 
James T. McClave, Terry Sincich and William Mendenhall 
(2008)) and used to form a database of tissue characteristics 
based on a disease diagnosis and progression. This method of 
establishing the database of tissue characteristics, based on 
patients with a known condition, can be used to establish 
long-term disease characteristics, or used in the acute to 
chronic periods (from sub second to months to years in time 
periods). 
0060 Typical signatures comparisons of tissue character 

istics are based on an analysis of tissue(s): at a single time 
point (compared to a single reference signature or an earlier 
recording), at multiple time points (compared to a multiple 
reference signatures or earlier recordings), to a trend in the 
change in tissue characteristic being investigated over mul 
tiple time points (compared to a reference signature at mul 
tiple time points demonstrating its own trend), and/or any 
combination. For example, a tissue characteristic can be 
recorded from an individual being followed, and the change 
in tissue characteristics from their baseline measurements can 
be used as the diagnostic information, as it can form a unique 
signature of the disease (for example, in the acute period 
following injury the electromagnetic impedance of a tissue 
shows a particular signature, such as a change in complex 
impedance amplitude and phase as functions of time post 
injury and frequency, which can be used to diagnose a dis 
ease). 
Incorporation with Other Diagnostics and/or Treatment 
Methods 

0061. The methods/device outlined herein can be 
extended to work with and/or integrated with other diagnostic 
measures and/or diagnostic tools (either through feedback 
control methods or passive monitoring methods). Such as 
imaging modalities, physiological monitoring methods/de 
vices, diagnostic methods/devices, and biofeedback meth 
ods/devices (either a person performing an exam or an auto 
mated device) (Such as those described in co-owned and 
co-pending U.S. patent application Ser. No. 13/162,047, the 
content of which is incorporated by reference herein in its 
entirety), where the referenced work describes the application 
of energies for brain stimulation, but the modification would 
be made from the referenced work to use the energy sources 
for determining the tissue characteristics as outlined herein. 
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The measurements made from these other devices/methods 
can be correlated with the unique signatures we outline and 
describe herein to provide an additional level of diagnostic 
information. 

0062 For example for diagnosing TBI or stroke, one could 
integrate this method with methods to measure biomarkers 
indicative of tissue injury (such as could be sampled from 
body tissue such as fluids whereby markers of brain damage 
can be sampled in the blood, cerebral spinal fluid, saliva, or 
other body fluid), integrated with electrophysiological mea 
Surements (such as an EEG recording that simultaneously 
evaluates changes in brain activity where electrical activity 
from the brain can demonstrate changes indicative of injury), 
ocular measurements (such as measuring changes in eye 
behavior following injury or taking measurements of ICP 
(which can also be made from other locations, but is classi 
cally thought of as being a ocular measurement) where for 
example one could follow simultaneous measurements of 
ICP and changes in brain tissue impedance as a function of 
time to determine ifa patient had a mild or severe form of TBI, 
balance testing (where brain injury is commonly associated 
with changes in balance), assessing the sensory system 
(where for example changes in the olfactory, auditory, tactile, 
and/or visual systems can be correlated to and/or used to 
predict with brain injury), and/or cognitive evaluations (such 
as those made by a physician (or even those made by an 
automated system)). The measurements that we describe 
herein based on measured energy characteristics in a tissue 
can furthermore be sued to predict these other markers or 
measurements that are used to predict tissue injury, such as 
for example measuring tissue impedance changes to predict 
changes in ICP. 
0063. Furthermore, the transduction and/or measurement 
mechanisms described herein can be integrated with any 
other device using the same transduction and/or measurement 
mechanisms for other purposes, such as for example using the 
electrodes for an EEG system as part of the means to inves 
tigate the change in electromagnetic impedance in the ahead 
of a patient being investigated (this could be used with any 
bio-potential measurement system (described in Medical 
Instrumentation Application and Design by John G. Webster 
(Feb. 3, 2009) or Principles of Applied Biomedical Instru 
mentation by L. A. Geddes and L. E. Baker (1989))). Further 
more for imaging, the energies that are applied to the tissues 
for characterizing properties of the tissue for disease diagno 
sis (such as those used to investigate changes in impedance 
properties of the tissue as a function of frequency and/or time) 
could have a dual use in imaging the tissue (Such as for 
example energy from an ultrasound for classical imaging 
could be used to investigate impedance changes in the tissue 
as outlined herein (electrical and/or mechanical impedance 
changes)). 

0064. The methods/device outlined herein can be 
extended to work with and/or integrated with other therapeu 
tic methods or device (either through feedback control meth 
ods or passive monitoring methods). Such for example with 
brain stimulation devices. Such as those outlined and 
explained in (Wagner et al., U.S. patent application Ser. No. 
13/102,476) whereby these methods herein could be inte 
grated with methods that control dosing and targeting (Such 
as Wagner et al., U.S. patent application Ser. No. 13/216,282). 
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INCORPORATION BY REFERENCE 

0065 References and citations to other documents, such 
as patents, patent applications, patent publications, journals, 
books, papers, web contents, have been made throughout this 
disclosure. All Such documents are hereby incorporated 
herein by reference in their entirety for all purposes. 

EQUIVALENTS 
0066. The invention may be embodied in other specific 
forms without departing from the spirit or essential charac 
teristics thereof. The foregoing embodiments are therefore to 
be considered in all respects illustrative rather than limiting 
on the invention described herein. 

EXAMPLES 

0067 Systems of the invention make impedance measure 
ments that are recorded not at a single frequency, but at 
multiple frequencies; examine tissue capacitance (permittiv 
ity) as well as tissue resistance (conductivity); and track tissue 
changes as a function of time and frequency. This is done to 
generate a spectral "fingerprint’ (i.e., impedance signature of 
specific behavior of tissue as function of frequency and/or 
time). Systems of the invention can be used with any pathol 
ogy where tissue impedances change as a function of pathol 
ogy, time, and/or frequency. Systems of the invention allow 
for development of a library of tissue behaviors that can be 
used to diagnose pathologies and discriminate between dif 
ferent pathologies. 

Example 1 

Detecting Strokes 
0068 According to the World Health Organization over 15 
million people per year suffer strokes. Of those, 5 million 
perish and another 5 million are left permanently disabled. A 
popular misconception is that stroke is a disease of affluent 
nations; epidemiological data proves otherwise, as over 60% 
of stroke deaths are attributed to low-income developing 
countries. There are a number of reasons for this discrepancy. 
But stroke survival and recovery can be drastically improved 
by rapid diagnosis and classification. This is often impossible 
in underdeveloped countries due to the lack of low cost imag 
ing and/or diagnostics. 
0069. Systems of the invention offer a low cost noninva 
sive way to identify and classify strokes based on changes in 
brain impedance. Systems of the invention are capable of 
identifying the stroke type, the time of injury onset, and the 
extent of the injury via external multi-channel, multi-fre 
quency, measurements of the head impedance network (resis 
tance and capacitance of scalp-skull-cerebral spinal fluid 
brain tissue). Low intensity currents are injected across the 
Scalp. Although the currents have negligible physiological 
effect, they call be used to measure tissue properties, while 
being completely safe. Field distributions in the brain are 
drastically different between stroke and non-stroke cases. 
This is a result of changes in the tissue impedance measure 
ments. Ultimately these differences manifest via different 
Voltage distributions that can be measured at the skin Surface. 
Systems of the invention can measure DC resistance (C.1/O, 
conductivity), frequency (c), Field frequency), dependent 
resistance (C.1/o) and capacitance (C.1/e, permittivity). FIG. 
2 shows that potential differences in tissue conductivity and 
permittivity are dependent on type and severity of injury 
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(based on measurements that were made in the brains of cats 
that underwent tissue injury). Additionally, the time course of 
the injury has a frequency dependent behavior, which dem 
onstrates spectral signatures that can be tracked from Surface 
impedance recordings. This data serves to guide noninvasive 
impedance measurements, and predict stroke characteristics. 
The data were recorded during neuroSurgeries in animals at 
low frequencies (<10 kHz). 
0070 
0071 60 Sprague Dawley rats are randomly divided into 3 
separate subgroups (control, ischemic stroke, and hemor 
rhagic stroke). The rats are anaesthetized, placed in a stereo 
tactic frame, and then have their skin, muscle, skull, CSF, 
gray matter, and white matter Surgically exposed and inves 
tigated with a 4 pronged modified micro-controlled platinum 
coated Stainless steel forceps device connected to an imped 
ance analyzer (Hewlett Packard, HP4192A, Palo Alto). For 
each rat and tissue, measurements are made from 10 to 50,000 
HZ at 5 Hz steps, with approximately 10 sweeps per tissue (at 
unique locations) and averaged. As the dimensions of the 
recording probe are micro-controlled, the permittivity and 
conductivity is determined from the measured impedances, 
with methods similar to those demonstrated in (Hart, F. X., 
Toll, R. B., Berner, N.J., & Bennett, N.H., The low frequency 
dielectric properties of octopus arm muscle measured in vivo. 
Phys. Med. Biol. 41, 2043-2052 (1996)) or (Foster, K. R. & 
Schwan, H. P. Dielectric Properties of Tissues in Biological 
Effects of Electromagnetic Fields, edited by C. Polk & E. 
Postow (CRC Press, New York, 1996), pp. 25-102) or (Di 
electric Properties of body tissues in the frequency range of 
10Hz to 100 GHz Work reported from the Brooks Air Force 
Base Report “Compilation of the dielectric properties of body 
tissues at RF and microwave frequencies' by C. Gabriel. 
(2007).). Once baseline recordings are taken, animals in the 
ischemic group have a large ischemic stroke induced in one 
hemisphere (ischemia is maintained throughout the proto 
col), animals in the hemorrhagic group have a large hemor 
rhagic stroke induced in one hemisphere, and the controls 
have their tissues maintained. The animals then have their 
brain tissue impedances monitored at ten-minute intervals 
over an 8-hour period (time period chosen to be greater than 
the acute stroke treatment decision window), in both the right 
and left hemispheres (to also include in-animal controls). 
0072 The results from the tissue recordings, from all of 
the tissues, are fed into human based MRI guided finite ele 
ment models (FEM) developed with Ansoft Maxwell (Pitts 
burg, Pa.) and Matlab (Natick, Mass.) software. The FEM 
models the effects of low frequency, electrode driven constant 
currents, that are evaluated as Surface Voltages at paired 
recording electrode locations based on electroquasistatic 
models of tissue behavior, solving specially for sinusoidal 
steady state Solutions of 

Signature 

where did (voltage) is the negative divergence of the electric 
field in the tissues, O is the tissue conductivity, 6 the tissue 
permittivity, () the field frequency. These models are used to 
analyze how stroke induced changes in brain tissue imped 
ance affect Surface Voltage recordings, determine recording 
resolution as a function of recording/stimulating electrode 
size and number, establish measurable depth and size of a 
stroke injury, and allow for capability to discriminate the 
stroke time course. 
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0073. Detecting a Stroke 
0074. A system as shown in FIG.3 may be used to measure 
impedance change in tissue. Electrodes are connected to dif 
ferent areas of a person’s head. A constant current source at a 
particular frequency is applied to the tissues via Surface elec 
trodes, such as those placed on the scalp. Along the same 
electrodes (or separate electrodes in approximately the same 
Scalp region) voltage measurements are made across the 
region of Scalp and underlying brain tissue. These obtained 
values are used to calculate impedance: 

where the impedance (Z) is a function of the frequency (c)), 
and will have an amplitude and a phase relative to the constant 
current or Voltage input. The impedance, Z(c)), is determined 
by the calculation of V(cp)/1(co) at any time point, t. The 
impedance may be tracked as a function of time, for any 
frequency, (). One can make these measurements at multiple 
frequencies (such as through stepping through multiple fre 
quencies at different time points or applying multiple fre 
quencies at one time (at the same or different electrodes)). 
One can measure and track changes in the conductivity and 
permittivity by assuming that the head under study has a 
defined geometry under the recording electrodes (where Z(()) 
=R(c))x(1/(()C(())))/R(co)+(1/(coC(()))), and R (resis 
tance) and C (capacitance) are also functions of geometry, 
and can be calculated based on the electrode positions and/or 
size, and the head properties). 
0075. The process is repeated multiple times to obtain a 
measure of impedance change over time, i.e., an impedance 
signature. The obtained impedance signature is compared to 
the obtained reference impedance signatures. A match 
between the obtained impedance signature from the person 
and one of the reference signatures indicates that the person 
has suffered a stroke. The severity of the stroke is also deter 
mined based upon which reference signature matches the 
obtained signature. 

Example 2 

Detecting Traumatic Brain Injuries 

0076 Traumatic brain injury (TBI), such as concussions, 
affects over 1.6 million Americans every year. The diagnosis 
of mild or moderate closed head traumatic brain injuries is 
particularly challenging due to poor diagnostic criteria and 
the lack of portable neurodiagnostic devices that can rapidly 
detect changes in brain tissue after non-penetrating head 
trauma. The diagnosis of mild closed head traumatic brain 
injuries is particularly challenging due to poor diagnostic 
criteria. Although mild TBI patients Suffer numerous cogni 
tive deficits, diagnosis via cognitive assessments are difficult 
because full cognitive symptoms might not manifest for days 
post-injury. Additionally, assessments often require pre-in 
jury baselines for definitive diagnoses, and automated meth 
ods are underdeveloped. Systems of the invention allow for 
diagnosis and classification of TBI. 
0077 Reference Signature 
0078 60 Sprague Dawley rats are randomly divided into 3 
subgroups (those receiving: mild closed head TBI (n=20), 
severe closed head TBI (n=20), and uninjured controls 
(n=20)). Mild TBI is generated using the mild lateral fluid 
percussion injury (LFPI) protocol (1.4-1.5 atm). Severe TBI 
will be generated with a major lateral fluid percussion injury 
(LFPI) protocol (3.0-3.5 atm). LFPI results in a reproducible 
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cortical injury leading to approximately 1 mm-deep patchy 
neuronal death over the exposed 3 mm diameter Surface area. 
Further details on the method are available in McIntosh et al. 
(Neuroscience, 28(1):233-244, 1989) and Sanders et al. 
(Brain Res 904(1):141-144, 2001). 
0079. In half of the rats, brain tissue impedances (from 10 
to 50,000 Hz in logarithmic steps) will be directly investi 
gated with a 4 pronged micro-controlled forceps impedance 
probe connected to an Electrical Impedance Tomography 
(EIT) device based on circuitry of an HP4192A impedance 
analyzer (Wagner, T. (2006). Non Invasive Brain Stimulation: 
Modeling and Experimental Analysis of Transcranial Mag 
netic Stimulation and Transcranial DC Stimulation as a 
Modality for Neuropathology Treatment Health Sciences and 
Technology. Cambridge, MIT/Harvard Medical School. 
PhD: 249) in conjunction with a National Instruments Lab 
View control system. The probe is fabricated from two self 
closing forceps mechanisms (Dumont N5) for use as a con 
trollable, four plate probe. Probe tips are coated under high 
vacuum conditions (5x10-7 torr) with 10 nm Titanium (99. 
99%. Alfa Aesar) as an adhesion layer followed by 50 nm of 
Platinum (99.99%. Alfa Aesar). The tips are then re-attached 
to the closing mechanism using four plastic adapter plates, 
providing electrical insulation from proximal instruments 
and tissues. The self-closing handle mechanism is also modi 
fied using two fine-threaded screws to allow for precise and 
repeatable control of the inter-electrode separation distance. 
0080 Further control is achieved by fixing the impedance 
probe to a micro positioner (Kopf, Tujunga, Calif.). Overall, 
tissue volume is maintained constant at 50 umx200 umx400 
um (+/-10 umper dimension). These measurements are done 
invasively during Surgical procedures. For these invasive 
recordings, recordings are taken from the cerebral cortex 
directly at the site of injury and at locations +/-2 and 4 mm 
from the injury site (in addition to the cortical tissues, record 
ings are also taken from the exposed bone and reflected skin). 
0081. The other half of the animals are evaluated nonin 
vasively via scalp Surface measurements. These recordings 
are done with modified EEG electrodes (5 mmx5 mm) 
attached via conducting paste (Elefix). The noninvasive 
recordings are made across 6 channels on the rathead, with 25 
mm electrodes placed 2, 4, and 6 mm bilaterally from the 
interaural line (3 per hemisphere). In both groups, tissue 
impedances is monitored at twenty-minute intervals over an 
8-hour period (to extend past typical acute injury time win 
dows), where specifically the complex impedances is 
recorded (i.e., magnitude and phase angle as a function of 
time and tissue type). 
I0082. The invasive recordings allow for development of a 
direct measure of the permittivity and conductivity of the 
tissues (as the dimensions of the probe are fixed, allowing a 
reconstruction of tissue parameters similar to Hart et al. 
(Phys. Med. Biol. 4:2043-2052, 1996). The noninvasive mea 
Sures allows for assessment of the impedance changes of the 
full tissue network as measured across the scalp (and corre 
lated with the invasive measures, provides an empirical mea 
Sure between individual tissue injury, assessed at the tissue, 
and those measured at the scalp). 
0083 Impedance changes are recorded (complex magni 
tude and angle) as a function of injury type, location relative 
to injury focus, tissue type, and time (from time of injury to 8 
hours post) in 60 Sprague Dawley rats (20 mild TBI, 20 severe 
TBI, and 20 controls (split evenly between invasive and non 
invasive measures)). 
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0084. The results from the tissue recordings are analyzed 
to establish time dependent spectral signature differences 
between different injuries and correlate between the invasive 
and noninvasive recordings. This is completed via math 
ematical analysis of the invasive and noninvasive recordings 
and EIT simulations developed with MRI guided finite ele 
ment models based on the invasive recordings. This modeling 
process takes place throughout the duration of the protocol, 
continually building on the empirical data measurements for 
the different conditions explored (i.e., mild TBI, severe TBI, 
and uninjured tissue recorded both invasively and noninva 
sively), allowing for an optimized computational model. 
0085. The results from the invasive measurements (i.e., 
tissue conductivity and permittivity averaged across indi 
vidual conditions) are fed into a MRI guided, finite element 
model (FEM) of the tissue bioimpedance of the rat head and 
brain, developed with Ansoft Maxwell and Matlab software, 
to determine the effect of the different traumatic brain injuries 
on the injected currents during EIT and the resulting bio 
impedance measurements. Sinusoidal steady Solutions of the 
electromagnetic field distributions are developed for each 
frequency point analyzed (i.e., between 0.01 to 50 kHz), and 
modeled at each of the individual time points when measure 
ments are made (i.e., between time Zero and the 8 hour point), 
with simulated field sources representing the noninvasive 
surface EIT electrodes (i.e., from the 6 surface 25 mm elec 
trodes on the rat Scalp). Further detail regarding the compu 
tational methods is shown in Wagner et al. (IEEE Trans 
Biomed Eng, 51 (9): 1586-98, 2004) and Wagner et al. (Neu 
roimage, 35(3): 1113-24, 2007). The modeling process allows 
for determination of a simulated noninvasive complex imped 
ance measurement (by dividing the resulting complex Voltage 
by the injected current at the Surface electrode contact), and 
prediction of the effects as a function of time following the 
injury (by comparing results across models constructed for 
different time points). 
I0086. The simulated predictions are then compared to the 
empirical data gathered during the invasive and noninvasive 
measurements to optimize the computational tissue model 
(and EIT prediction), and specifically identify key features of 
the impedance perturbations as a function of injury severity, 
tissue type, time post injury, and EIT signal frequency (i.e., 
filtering effects of the injured tissues on the injected EIT 
currents through the spectral analysis of the resulting EIT 
fields). During simulation, optimal EIT electrode shape, 
placement, and number relative to the injury type/location is 
determined. This allows for correlation of the injury type and 
severity with the electromagnetic measures taken both inva 
sively and noninvasively. 
0087. The resulting analysis provides models of both 
human and rat head/brains for mild TBI, severe TBI, and 
healthy conditions based on empirical impedance recordings, 
and thus provides a reference signature to predict EIT surface 
recordings as a function of injury severity, tissue type, time 
post injury, and EIT signal frequency. 
0088 
0089. A system as shown in FIG.3 may be used to measure 
impedance change in tissue. Electrodes are connected to dif 
ferent areas of a person’s head. A constant current source at a 
particular frequency is applied to the tissues via Surface elec 
trodes, such as those placed on the scalp. Along the same 
electrodes (or separate electrodes in approximately the same 
Scalp region) voltage measurements are made across the 
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region of Scalp and underlying brain tissue. These obtained 
values are used to calculate impedance: 

where the impedance (Z) is a function of the frequency (c)), 
and will have an amplitude and a phase relative to the constant 
current or Voltage input. The impedance, Z(c)), is determined 
by the calculation of V(cp)/1(c)) at any time point, t. The 
impedance may be tracked as a function of time, for any 
frequency, (). One can make these measurements at multiple 
frequencies (such as through stepping through multiple fre 
quencies at different time points or applying multiple fre 
quencies at one time (at the same or different electrodes)). 
One can measure and track changes in the conductivity and 
permittivity by assuming that the head under study has a 
defined geometry under the recording electrodes (where Z(()) 
=R(c))x(1/(()C(()))/IR(())+(1/((OC(())))), and R (resis 
tance) and C (capacitance) are also functions of geometry, 
and can be calculated based on the electrode positions and/or 
size, and the head properties). 
0090 The process is repeated multiple times to obtain a 
measure of impedance change over time, i.e., an impedance 
signature. The obtained impedance signature is compared to 
the obtained reference impedance signatures. A match 
between the obtained impedance signature from the person 
and one of the reference signatures indicates that the person 
has suffered a traumatic brain injury. The severity of the 
traumatic brain injury is also determined based upon which 
reference signature matches the obtained signature. 
What is claimed is: 
1. A method for detecting a condition, the method com 

prising: 
measuring impedance change over time in a region of 

tissue Suspected to be associated with a condition to 
obtain an impedance signature; and 

comparing the impedance signature to a reference signa 
ture, thereby detecting the condition. 

2. The method according to claim 1, wherein the condition 
is selected from the group consisting of a heart attack, a 
stroke, a cancer, and a traumatic brain injury. 

3. The method according to claim 1, wherein measuring 
change comprises: 

applying energy the region of tissue to obtain a measure 
ment of impedance of the region of tissue at a point in 
time; and 

repeating the applying step one or more times over a period 
of time. 

4. The method according to claim 3, wherein energy is 
mechanical energy. 

5. The method according to claim 4, wherein mechanical 
energy is produced by an ultrasound device. 

6. The method according to claim 5, wherein the ultrasound 
device comprises a focusing element to focus the applied 
energy. 

7. The method according to claim 4, wherein the mechani 
cal energy is in combination with an additional type of energy. 

8. The method according to claim 7, wherein the additional 
type of energy is selected from the group consisting of 
chemical, optical, electromagnetic, and thermal. 

9. The method according to claim 3, wherein applying 
comprises a combination of an electric field and a mechanical 
field. 

10. The method according to claim 9, wherein the mechani 
cal field is generated by an ultrasound device. 
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11. The method according to claim 9, wherein the electric 
field is pulsed. 

12. The method according to claim 9, wherein the electric 
field is time varying. 

13. The method according to claim 9, wherein the electric 
field is pulsed a plurality of time, and each pulse may be for a 
different length of time. 

14. The method according to claim 9, wherein the electric 
field is time invariant. 

15. The method according to claim 9, wherein the mechani 
cal field is pulsed. 

16. The method according to claim 9, wherein the mechani 
cal field is time varying. 

17. The method according to claim 9, wherein the mechani 
cal field is pulsed a plurality of time, and each pulse may be 
for a different length of time. 

18. The method according to claim 1, wherein the region of 
tissue is a structure or multiple structures within the brain or 
the nervous system selected from the group consisting of 
dorsal lateral prefrontal cortex, any component of the basal 
ganglia, nucleus accumbens, gastric nuclei, brainstem, thala 
mus, inferior colliculus, Superior colliculus, periaqueductal 
gray, primary motor cortex, Supplementary motor cortex, 
occipital lobe, Brodmann areas 1-48, primary sensory cortex, 
primary visual cortex, primary auditory cortex, amygdala, 
hippocampus, cochlea, cranial nerves, cerebellum, frontal 
lobe, occipital lobe, temporal lobe, parietal lobe, sub-cortical 
structures, and spinal cord. 
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19. The method according to claim 1, wherein the imped 
ance signature is based on changes of the spectral content of 
the impedance measurements. 

20. The method according to claim 3, wherein energy is 
electrical energy. 

21. The method according to claim 20, wherein the elec 
trical energy is produced by placing at least one electrode in 
or near the tissue. 

22. The method according to claim 20, wherein the elec 
trical energy is focused. 

23. The method according to claim 22, wherein the electric 
field is focused based upon placement of electrodes. 

24. The method according to claim 20, wherein the elec 
trical energy is in combination with an additional type of 
energy. 

25. The method according to claim 24, wherein the addi 
tional type of energy is selected from the group consisting of 
mechanical, chemical, optical, electromagnetic, and thermal. 

26. A method for detecting a condition, the method com 
prising: 

providing a noninvasive transcranial stimulator; 
using the stimulator to measure impedance change over 

time in a region of tissue Suspected to be associated with 
a condition to obtain an impedance signature; and 

comparing the impedance signature to a reference signa 
ture, thereby detecting the condition. 
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