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WHITE PAPER EIS TECHNOLOGY

Introduction:

The EIS system is considering as a Galvanic Skin Response (GSR) device.
As regards of:
The conclusion of the EIS clinical investigation in University of Miami Miller School of
Medicine: (35)

“Regarding HRV and autonomic nervous system activity, the results strongly indicate that
ESG HF is a statistically significant predictor of HRV LF. A significant correlation was
found between the two variables and a high amount of variance was explained in autonomic
nervous system functioning (i.e., HRV LF) by ESG HF.”
And
The definition of GRS from the US FDA:
“A galvanic skin response measurement device is a device used to determine autonomic
responses as psychological indicators by measuring the electrical resistance of the skin and
the tissue path between two electrodes applied to the skin.
There is evidence of the effectiveness of the EIS system as a GSR.
However, The EIS system is using the Bioimpedance technology in bipolar mode and very
low frequency and therefore the background of this technology is also applying in the
background of the EIS system.

I. Summary of the peer reviews about the impedance technology and EIS
Technology.

1. Definition of living tissue is:
“A part of an organism consisting of an aggregate of similar cells and the intercellular
substances surrounding them organized into a structure with a specific
physiological function.” (1)

Electrical Conductance of Living Tissue (1)

The electrical conductance of biological tissue is determined by its constituents. In
essence, tissue consists of extracellular fluid and cells containing the intracellular fluid
inside the cell membrane. The extracellular fluid is the medium surrounding the cells,
also denominated the extracellular space. It contains proteins and electrolytes
including the plasma and the interstitial fluid. (2))

2. Tissue Fluids as Electrolytes
An electrolyte exhibits ionic DC conductivity, and is defined as: (3)

“A chemical compound that, when dissolved in a solution, dissociates into ions
and is able to conduct electric current in the presence of an external electrical
field.”
Both intracellular and extracellular fluids are electrolytes because they contain
ions, which are free to migrate and transport the electrical charge. Therefore we
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can consider biological tissue electrically and macroscopically an ionic conductor.
The total ionic conductivity of a solution depends on the concentration, activity,
charge and mobility of all free ions in the solution. The most important ions
contributing to the ionic current in living tissue are K+, Na+ and Ca2+. Ionic
conductance is a transfer of charges accompanied by movement of a substance,
producing changes in the bulk of the electrolyte. (4)

3. Cell Electrical Conductance
Considering the extremely low conductivity of the plasma membrane, the value of
R is very high. At low frequencies, near DC, the plasma membrane acts as an
insulator and the current is not able to penetrate the cell, and most of the current
flows around the cell. (11)

Application to the EIS Technology (items 2.3.4)

The EIS Technology is using a very low frequency close to the DC, therefore:

a. The current flows around the cells very close to the cell membrane in the area of
the interstitial fluid and does not penetrate the cell

b. The conductivity is proportional to the interstitial fluid Na+ ions concentration
(parameter SDC of the ESG table) and according to the Na+/ K+ ATPase
pump, the conductivity is proportional to the mitochondrial ATP production.

4. Membrane Plasma

The intrinsic electrical conductance of the membrane plasma is very poor and it
is considered as a dielectric (1). The total structure formed by the intracellular
fluid, plasma membrane and extracellular fluid (conductor-dielectric-
conductor) behaves as a capacitor, with an approximate capacitance of
0.01 F/m2.

5. Tissue and Dielectricity
Any material with the ability to store capacitive energy can be classified as a dielectric,
and living tissue has this ability due to its constituents at any level, molecular, sub
cellular, or cellular. The compositions of the extracellular and intracellular fluids,
especially the organelles, contribute to the overall behavior of tissue as a dielectric,
but the plasma membrane is the cellular structure with the major contribution to the
dielectric behavior of living tissue. The dielectric properties are also influenced by the
specific tissue structure. (5) (10)

6. Frequency Dependency. The Dispersion Windows
Living tissue is considered as a dispersive medium (10): both permittivity and
conductivity are functions of frequency. In the case of living tissues, the spectral
width of the electrical Bioimpedance dispersions (closely related with α parameter in 
the Cole equation) evolves during the ischemic periods. (7) (17) (20).This parameter is
often ignored in favor of other bio impedance parameters such as the central
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frequency or the resistivity at low frequencies. Experiments on cold preservation of
rat kidneys are showing the evolution of the parameter α of the Cole equation is 
completely independent of the rest of Bioimpedance parameters (20). It seems that
parameter α of the Cole equation is closely related with the morphology of the extra-
cellular spaces. (20)

Application to the EIS Technology (items 5 and 6)

a. The measured R is very high (due to the extremely low conductivity of the plasma
membrane) with a normal range 100 KOhms

b. The electrical Bioimpedance dispersions  (closely related with α parameter in the 
Cole equation) is related with the morphology of the extra-cellular spaces and
therefore with the living tissue density (parameter EPA-SPA of the ESG table)

7. Electrode polarization impedance
The contact area of the electrodes with electrolyte is playing a role on the electrode
polarization impedance, as the electrode polarization impedance is inversely
proportional with electrode surface area. (21)

Application to the EIS Technology (item 7).

a. As regard to the used big size and planar electrodes, the electrode polarization is
very low.

8. Cellular Damage and Bio impedance.

8.1 Introduction to Cellular Damage (22) (23)

The cell is usually confined to a narrow range of functions. This function specificity
of the cell is due partly to its genetic program and partly to the surrounding
environment, the availability of energy sources and the capacity of its metabolic
pathways. The state of the cell when it is able to handle normal physiological
demands is denominated homeostatic steady state.
In the presence of a pathological stimulus or excessive physiologic stress, the cell has
the capacity to adapt itself, achieving a new but altered steady state to preserve the
viability of the cell. This process is denominated cellular adaptation, and when the
limits of the adaptability of the cell are overcome, cell injury occurs.
Depending on the severity and the duration of the stimuli, cell injury is reversible up
to a certain point – after which irreversible cell injury occurs, leading to cell death.
The capacity of the cellular adaptation varies among different type of tissues, and
brain tissue exhibits a very high sensitivity to hypoxic insults (A. C. Guyton & J. E.
Hall 2001, T. Acker & H. Acker 2004, V. Kumar 2005)*.
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8.2. Hypoxic/Ischemic Cellular Damage (25)

Among the most important and common causes of cell injury is hypoxia; it strikes at
one of the most vulnerable intracellular systems, namely the aerobic oxidative
respiration mechanism of the cell, involving oxidative phosphorylation and
production of ATP ( parameter SDC of the EIS system) . Among the causes of
hypoxia the most common is ischemia, i.e. loss of blood supply. Other common
causes of hypoxia are inadequate oxygenation of the blood after a cardiorespiratory
failure or loss of the oxygen-carrying capacity of the blood as in anemia.

8.3 Ischemic/Hypoxic injury mechanism (25)

In the cell, the structural and biochemical elements are strongly linked and a strike
against one system leads to a widespread and quick chain of events affecting other
systems in the cell. The duration and severity of the pathological stimulus are
important factors for the severity of cell injury, but the type of cell and its current
state and adaptability also strongly influence the final outcome; e.g. a similar hypoxic
insult injures brain tissue more severely than muscle tissue.
Hypoxia is simply a reduction in the availability of oxygen, while ischemia is a
reduction in the blood flow. In ischemia, additionally to the lack of oxygen, there is a
reduction in the delivery of metabolic nutrients and an excessive accumulation of
catabolites, otherwise removed by the blood flow. Therefore, ischemia usually leads
to injury of tissues faster than hypoxia. (25)

8.4. Cellular Adaptation (13)

In a hypoxic/ischemic situation, the cell adapts itself to the lack of available oxygen.
The cell stops the generation of ATP (SDC parameter of the EIS system decreased)
with the use of oxygen and changes from aerobic to anaerobic metabolism,
producing ATP from glycogen and creatine phosphate instead. Anaerobic
metabolism results in the accumulation of osmotic active products like lactic acid and
inorganic phosphates, causing a reduction in the intracellular pH value and
influencing the intracellular osmotic pressure.
The availability of ATP is severely reduced and the energy-dependent Na+/K+
pump in the plasma membrane reduces its transport activity or loses it completely. (13)

The cell is then no longer able to keep the ionic gradients across the membrane. The
failure of this active transport results in alteration of the intracellular ionic contents,
(A. J. Hansen 1984, H. H. De Haan & T. H. M. Hasaart 1995, R. Berger & Y. Garnier
1999, C.-S. Yi et al. 2003, V. Kumar 2005). Na+ increases and K+ decreases,
resulting in a membrane depolarization (A. J. Hansen 1985). In the absence of a
membrane potential, Cl- ions (R. Berger & Y. Garnier 1999) and large
amounts of Ca2+ (A. J. Hansen 1984, H. H. De Haan & T. H. M. Hasaart
1995) flow through the voltage-dependent ion channel into the cell.
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Figure 1. Biochemical and physiological processes during hypoxia /ischemia in the
cell.

The combined effect of the process above mentioned, the failure of the active
transport, the opening of the voltage-dependent channels and the anaerobic
metabolism, produces an abnormally high intracellular concentration of catabolites
and ions. The net gain of solute induces an influx of water following the osmotic
gradient, aiming to establish an isosmotic pressure on both sides of the plasma
membrane. Consequently, the cell swells (EPA-SPA of the EIS system corresponding
to the parameter α of the cole equation increased) , causing cellular edema (H. H. De 
Haan & T. H. M. Hasaart 1995, K. H. Kimelberg 1995), one of the earliest and most
common histological manifestations of hypoxic injury (V. Kumar 2005), also
denominated cellular edema or acute cell swelling. (23)

At the same time as the water influx, the endoplasmic reticulum suffers an early
dilation followed by a detachment of the ribosomes from the granular endoplasmic
reticulum. If hypoxia persists, other alterations take place like blebs formation on the
surface of the cell and mitochondrial swelling. (25)
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8.5. Reversible and Irreversible Cell Injury
All the previously mentioned cellular alterations are reversible if normoxia is re-
established; the cell is in a state of reversible cell injury. If the insult continues, the cell
reaches “the point of no return” and irreversible cell injury ensues. There is no
generally accepted explanation for the key biochemical mechanisms behind transition
from reversible to irreversible cell injury. However, in certain ischemic tissues, certain
structural and functional changes indicate that the cells have been irreversibly injured
(V. Kumar 2005). (21)

Figure 2. Structural changes in the cell during hypoxia/ischemia.

8.6. Types of Cell Death: Necrosis and Apoptosis (13)

There are two identified types of cell death: necrosis and apoptosis. (Color coded 12
of the EIS system).
Necrosis is always a pathological process, while apoptosis need not be associated with
cell injury. Cell death in the hypoxic/ischemic injury mechanism occurs mainly by
necrosis during the acute phase, but mainly by apoptosis during the phase of
reperfusion/reoxygenation. In brief, the above-mentioned changes in intracellular pH
value and ionic concentration damage the membranes of the lysosomes. Hydrolytic
enzymes are released into the cytoplasm and trigger a chain of events, resulting in
necrosis. The cell is eventually dissolved in the extracellular fluid (H. H. De Haan &
T. H. M. Hasaart 1995, R. Berger & Y. Garnier 1999).

8.7. Ischemia-Reperfusion Injury Mechanism (25)

There is one injury mechanism closely related to the hypoxic/ischemic injury
mechanism, the ischemia-reperfusion mechanism. When the normal oxygen level and
blood flow are restored, the cells will recover from the injury, provided that the cells
were reversibly injured. If the cells were irreversibly injured, new injurious processes
start during reperfusion, resulting in cell death through necrosis, as well as apoptosis,
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of cells that otherwise could have recovered. This mechanism is of special interest to
us for two main reasons:
• It occurs in most of the hypoxic/ischemic injury cases.
• It can be medically treated, thereby reducing its damaging effects.

8.8. Acute Inflammatory process (13)

Acute inflammation is a short-term process, usually appearing within a few minutes
or hours and ceasing upon the removal of the injurious stimulus. It is characterized
by five cardinal signs:] redness), increased heat, swelling and pain (SDC and EPA-
SPA of the EIS system increased) and the evolution could be in loss of function.
(SDC parameter decreased and EPA- SPA parameter increased)
The first four (classical signs) were described by Celsus , while loss of function was
added later by Galen even though the attribution is disputed and the origination of
the fifth sign has also been ascribed to Thomas Sydenham and Virchow.
Redness and heat are due to increased blood flow at body core temperature to the
inflamed site; swelling is caused by accumulation of fluid; pain is due to release of
chemicals that stimulate nerve endings. Loss of function has multiple causes.

8.9. Chronic inflammatory process (13)

Prolonged inflammation, known as chronic inflammation, leads to a progressive shift
in the type of cells which are present at the site of inflammation and is characterized
by simultaneous destruction and healing of the tissue from the inflammatory process,
fibrosis or cysts. (SDC parameter decreased and EPA- SPA decreased)
If the damage is sufficiently severe, a chronic cellular response may follow over the
next few days. A characteristic of this phase of inflammation is the appearance of a
mononuclear cell infiltrate composed of macrophages and lymphocytes. The
macrophages are involved in microbial killing, in clearing up cellular and tissue debris,
and they also seem to be very important in remodeling the tissues.

Over the next few weeks, resolution may occur, meaning that the normal tissue
architecture is restored. Blood clots are removed by fibrinolysis, and if it is not
possible to return the tissue to its original form, scarring results from in-filling with
fibroblasts, collagen, and new endothelial cells. Generally, by this time, any infection
will have been overcome. However, if it has not been possible to destroy the
infectious agents or to remove all of the products that have accumulated at the site
completely, they are walled off from the surrounding tissue in granulomatous tissue.
A granuloma is formed when macrophages and lymphocytes accumulate around
material that has not been eliminated, together with epitheloid cells and gigant cells
(perhaps derived from macrophages) that appear later, to form a ball of cell.
Inflammation is often considered in terms of acute inflammation that includes all the
events of the acute vascular and acute cellular response , and chronic inflammation
that includes the events during the chronic cellular response and resolution or
scarring. (13)
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8.10. Degenerative process (13) (24)

The degenerative process increased the tissue density and reduced the ATP
production in the living tissue. (SDC parameter decreased and EPA- SPA decreased)
The hyper irrigation of the tissue is using for the cells proliferation, but in the living
tissue perfusion is reduced and the 02 will be not released from the hemoglobin
because the very low mitochondrial activity and no production of CO2. (24)

Evidence based of the measured parameters and EIS Clinical Investigations:

II. Clinical Investigations EIS system

1. SDC parameter : as a parameter of the ATP production and cell exchanges
level:

1.1 Clinical investigation Botkin 2006 (34)

Clinical investigations were conducted at the S.P. Botkin Hospital from May 20, 2006,
to September 1, 2006, in order to evaluate a galvanic skin responses measurement
device named Electro Interstitial Scan (E.I.S), we performed drug administration
studies.
The EIS system is measuring the electrical conductivity (inverse of the resistance) of
the skin and displays 3 parameters:
SDC segments values (conductivity)
EPA-SPA segments values (dynamic process to get the conductivity values)
HF/VLF ratio (High conductivity values / very low conductivity values ratio)
Two hundred fifteen (215) test subjects (Age 54 + 16) were recorded with the EIS
System.

These patients presented affections diagnosed by conventional examinations
(hypothyroidism, hypertension, atherosclerosis or thrombosis risk, and Major
depression) and were undergoing no treatment.
The treatments corresponding to the diseases were decided by the conventional
examinations results, and a follow-up being undertaken on one hand with the EIS
System and on the other hand by conventional methods.
Thyroid treatment monitoring
The findings show that SDC and TSH has a significant negative correlation to each
other (r = -0.975, p = 0.005). It shows that, SDC shares approximately 95.1% (that is
(-0.975)2x100% or 0.951x100%) of its variability with TSH. Thus, a high value of
SDC corresponds to low TSH or low value of SDC corresponds to high TSH.
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1.2. Clinical Investigation in University of Miami Miller School of Medicine,
Miami, FL 33136 USA 2010 (35)

The objective of this study was to compare the EIS module to a standardized
assessment of heart rate variability (HRV). Fifty subjects between 20 and 62 years of
age were assessed for comparing the spectrum analysis of the EIS module and HRV
as measured by a standard HRV device (to estimate sympathetic nervous system
activity. The correlation between the EIS spectrum analysis and HRV variables was
also very high (r=.76, p < 0.001), suggesting that the high conductivity ratio has
predictive capability on the sympathetic nervous system activity.

1.3 Conclusion:
In the above investigations we found a high correlation between:

 The Thyroid activity (TSH) and SDC.
 The sympathetic system activity (HRV) and SDC spectrum analysis.

The thyroid activity and the sympathetic system activity are known parameters to
increased the cells exchanges (13)

2. EPA-SPA parameter: as a parameter of the ischemia/hypoxia:
2.1 Clinical investigation Botkin 2006 (34)

2.1.1 Thyroid treatment monitoring.
The findings show that EPA-SPA and TSH has a significant positive correlation to
each other (r = 0.926, p = 0.024). It shows that, EPA-SPA shares approximately
85.7% (that is (0.926)2x100% or 0.857x100%) of its variability with TSH.

2.1.2. SSRI treatment monitoring.
The findings indicate that there were a significant positive correlations between EPA-
SPA and the treatment Response at D+45 (rho = 0.709, p < 0.001) and D+60 (rho=
0.804, p < 0.001).

2.2. Conclusion:
The clinical investigation had shown the following items:

The parameter EPA-SPA decreased with the Thyroid activity
The parameter EPA-SPA increased with the cerebral serotonin level

The thyroid insufficiency is related to the thyroid tissue ischemia and the fact that the
parameter EPA-SPA decreased with the TSH level is showing that the EPA-SPA
increased is an indicator of the ischemia. (13)

The Depression is related to the cerebral tissue hypoxia and the fact that the
parameter EPA-SPA increased with the treatment response is showing that the EPA-
SPA decreased is an indicator of the hypoxia. (13)

This fact are corresponding to the peer reviews related to the parameter α of the Cole 
equation (20) , and the parameter EPA-SPA is independent of the impedance
measurement (SDC parameter). (20)
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