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Description

FIELD OF THE INVENTION

[0001] The present invention relates to ECG monitor-
ing and gating systems, and specifically to improved sys-
tems and methods for measuring the impedance at the
electrode-body interface.

BACKGROUND OF THE INVENTION

[0002] Everyday, in hospitals around the world, the
electrical activity of humans and animals is measured by
countless doctors and veterinarians through the use of
electrodes. In some instances, an ECG of the heart is
taken to monitor or measure heart abnormalities. Other
patients have brainwaves monitored or measured
through an EEG. Still other patients require stress tests.
Additionally, defibrillators apply electricity to patients
through electrodes to stimulate the patient's heart.
Through all these procedures and tests, the interface be-
tween the patient and the electrode, the electrode-body
interface, controls the quality of the signal transferred
through the interface. High impedance, i.e., high resist-
ance to the flow of electricity at the electrode-body inter-
face, may result in poor signal transmission.

[0003] The quality of the electrical signal transferred
through the electrode-body interface affects each one of
the above mentioned procedures. For an ECG measure-
ment, whether the measurement is simply to monitor the
patient’s heart cycle or to trigger or gate a device, such
as a gamma camera, to record an image of the heart,
noise in the signal can negatively affect the results. Noise
in the signal can cause improper triggering of the gamma
camera and require multiple tests. Additionally, poor
electrical signal transfer through the electrode-body in-
terface can cause burning of the skin during defibrillation.
[0004] Currently, medical staff attempt to reduce the
impedance at the electrode-body interface by eliminating
all interfering substances from the skin surface. Medical
staff, including nurses and technicians, scrub and
cleanse the skin’s surface to remove excess debris, oil,
hair and any other particles that could raise the imped-
ance at the electrode-body interface. However, without
measuring the impedance at the electrode-body inter-
face, the medical staff have no concrete indicator of the
impedance of the interface.

[0005] Most medical staff use hand-held impedance
measurement devices that can measure the impedance
at the electrode-body interface. However, these devices
are clumsy and time consuming. Each electrode has to
be measured individually and each medical staff member
has to carry an electrode impedance measuring device.
[0006] Anearlywarning systemisneeded to alert med-
ical technicians that the patient preparation is not fin-
ished, and that preparation needs to be continued until
an acceptable electrode-body impedance is reached.
Therefore, a need exists to automate and facilitate the
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process of measuring the impedance at the electrode-
body interface and provide an early warning system of
improper electrical impedance.

[0007] US 4 245 643 discloses method and apparatus
for measuring ohmic, thatis, purely d-c, resistance at the
area of contact between cardiac tissue and a pacemaker
electrode surgically implanted in the heart of a patient
requiring a pacemaker.

SUMMARY OF THE INVENTION

[0008] In satisfaction of these needs and others, the
present invention relates to automating the measure-
ment of impedance at the electrode-body interface. In
particular, the invention provides a system for measuring
the impedance at the electrode body interface as set out
in claim 1, and a method as set out in claim 9.

[0009] Embodiments oftheinventionrelate to asystem
for measuring the impedance at the electrode-body in-
terface. The system includes a processor, an alternating
current generator in communication with the processor,
and a plurality of electrodes in communication with the
processor and the alternating current generator. The
processor calculates the impedance at the electrode-
body interface using the output impedance and output
voltage of the alternating current generator and the volt-
age between one or more of the electrodes.

[0010] In some embodiments, the alternating current
generator provides a constant current output. In these
embodiments, the impedance at the electrode-body in-
terface is linearly related to the voltage between one or
more of the electrodes.

[0011] In some embodiments, the system further in-
cludes a plurality of switches, each of which is associated
with a respective electrode. In some of these embodi-
ments, the switches are field effect transistors.

[0012] In some embodiments, the system further in-
cludes a synchronous rectifier in electrical communica-
tion between the processor and the electrodes. In some
of these embodiments, the synchronous rectifier is also
in communication with the alternating current generator.
The synchronous rectifier samples the peak amplitude
of a waveform generated by the alternating current gen-
erator.

[0013] In some embodiments, the plurality of elec-
trodes includes three electrodes. The voltage between
the electrodes is then calculated by paralleling two of the
electrodes while measuring the voltage between the par-
allel-electrode and the third electrode.

[0014] In some embodiments, the alternating current
generator operates at 10 hertz and generates a triangular
voltage waveform. The alternating current generator in
some embodiments generates currents of less than 10
microamps.

[0015] In some embodiments, the system further in-
cludes an analog to digital converter in electrical com-
munication between the processor and the synchronous
rectifier.
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[0016] Embodiments of the invention also relate to in-
corporating the system for measuring the ECG imped-
ance at the electrode-body interface into other systems
or clinical devices such as a gamma camera system, a
stress testing system, a defibrillator system, an EEG sys-
tem, a transcutaneous nerve stimulator, a depth of an-
esthesia monitoring system, an EMG monitor, a CT scan-
ner, a MRI, an ultrasound, a lithotripter, and any other
device for which skin electrodes are required for meas-
urement or current delivery. The user of each of the enu-
merated systems is automatically notified of the elec-
trode-body impedance.

[0017] Embodiments of the invention also relate to a
method for measuring the impedance at the body-elec-
trode interface in a system that includes an alternating
currentgenerator and a plurality of electrodes. The meth-
od includes measuring an output impedance and an out-
put voltage of the alternating current generator, measur-
ing a voltage between two or more of a plurality of elec-
trodes in communication with the alternating current gen-
erator and calculating the impedance at the electrode-
body interface using the output impedance and output
voltage of the alternating current generator and the volt-
age between two or more electrodes.

[0018] In some embodiments, the alternating current
generator provides a constant current output. In these
embodiments, the impedance at the electrode-body in-
terface is linearly related to the voltage between one or
more of the electrodes.

[0019] In some embodiments, the plurality of elec-
trodes comprises three electrodes. The voltage between
two or more electrodes is then calculated by paralleling
two of the electrodes while measuring the voltage be-
tween the parallel electrode and the third electrode.
[0020] In some embodiments, the alternating current
generator operates at 10 hertz and generates a triangular
voltage waveform. The alternating current generator in
one embodiment generates currents of less than 10
microamps.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] These embodiments and other aspects of this
invention will be readily apparent from the description
below and the appended drawings, which are meant to
illustrate and not to limit the invention, and in which:
[0022] Fig. 1is a schematic diagram illustrating an au-
tomated electrode-body interface impedance measure-
ment circuit according to an embodiment of the present
invention;

[0023] Fig. 2 is a schematic diagram illustrating an au-
tomated electrode-body interface impedance measure-
ment circuit according to an embodiment of the present
invention; and

[0024] Fig. 3 is a high-level flow chart illustrating ex-
emplary steps involved in calculating electrode-body in-
terface impedance according to an embodiment of the
present invention.
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DESCRIPTION

[0025] The present invention will be more completely
understood through the following description, which
should be read in conjunction with the attached drawings.
In this description, like numbers refer to similar elements
within various embodiments of the present invention.
Within this description, the claimed invention will be ex-
plained with respect to embodiments. However, the
skilled artisan will readily appreciate that the methods
and systems described herein are merely exemplary and
that variations can be made without departing from the
scope of the invention as defined in the appended claims.
[0026] In general, the present invention relates to a
system and method for determining the impedance of an
electrode, for example a skin electrode, at the electrode-
body interface. The electrode may be used in ECG and
EEG gating and monitoring, defibrillators, stress testing,
transcutaneous nerve stimulators, depth of anesthesia
monitoring systems, EMG monitors, CT scanners, MRIs,
ultrasounds, lithotripters, and any other device for which
skin electrodes are required for measurement or current
delivery. The electrode-body impedance of one of the
electrodes may be calculated using the voltage differ-
ence between that electrode and a plurality of other elec-
trodes, and the voltage and impedance of an alternating
current generator in communication with the electrodes.
[0027] Fig. 1is a highly schematic diagram illustrating
an automated electrode-body interface impedance
measurement system, according to an embodiment of
the present invention. In one embodiment, the imped-
ance measurement system 8 includes a processor 10,
an alternating current generator 12, a switch 22, and a
plurality of electrodes. In one embodiment, there is a first
electrode 16, a second electrode 18, and a third electrode
20.

[0028] In one embodiment, a plurality of electrodes,
for example three electrodes 16-20, are connected to the
switch 22. The switch 22 is in electrical communication
with both the alternating current generator 12 and the
processor 10 and permits the user to select the appro-
priate electrodes 16-20 for the selected impedance
measurement, for example, the first electrode 16. The
processor 10 controls both the alternating current gen-
erator 12 and the switch 22. The processor 10 turns on
the alternating current generator 12, to enable the im-
pedance measurement, and turns off the alternating cur-
rent generator 12 after the calculation has been complet-
ed. The alternating current generator 12 applies a voltage
through the switch 22, which causes a current to flow to
the first electrode 16, through the patient, to the second
electrode 18 and the third electrode 20, which may be
paralleled. The processor 10 measures the resultant volt-
age and uses that voltage along with the impedance of
and voltage of the alternating current generator 12 to
calculate the impedance of the electrodes 16-20. The
measurement and calculation is then repeated for each
of the two remaining electrodes 18 and 20.
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[0029] With continued reference to Fig. 1, the elec-
trodes may be any electrode used by one of skill in the
art to measure electrical activity in a patient. Depending
on what electrical activity is being measured, there can
be three, four, five, six, or more electrodes. For ECG
monitoring and gating, three or more electrodes may be
used. For EEG monitoring and gating as few as two and
as many as 64 electrodes may be used. For a stress test,
up to twelve electrodes may be used. For a defibrillator,
two or more electrodes may be used. In the illustrated
embodiment, three electrodes are shown to measure the
ECG of a patient. Although other types of measurements
are possible and more electrodes may be used, in dis-
cussing the aspects of the present invention, an exem-
plary three electrodes will be used in connection with an
ECG monitor.

[0030] With continued reference to Fig. 1, the alternat-
ing current generator 12 may be a 10 hertz generator
that produces an alternating current which is applied to
the electrodes 16-20. The alternating current generator
12 may produce a current in the range of 10-15 micro-
amps RMS. The alternating current generator 12 may
produce a variety of waveforms, including triangular or
square voltage waveforms. The alternating current gen-
erator 12 has an output voltage associated with it, in the
range of 0.5 volts RMS to 5.0 volts RMS and an output
impedance in the range 350 kohms to 450 kohms.
[0031] The voltage between the electrodes 16-20 is
one parameter that is used to determine a selected elec-
trode’s impedance. Since it is difficult to have a zero ohm
reference point on a patient’s body, the measurement of
the impedance of one electrode, for example, the first
electrode 16, in one embodiment is made by paralleling,
i.e. electrically shorting together, the other two elec-
trodes, i.e. the second electrode 18 and the third elec-
trode 20. Then, the voltage difference between the first
electrode 16 and the parallel combination of the second
electrode 18 and the third electrode 20 is used for the
calculation of the impedance at the electrode-body inter-
face of the first electrode 16.

[0032] In one embodiment, the current generator 12
produces a constant current output. With a constant cur-
rent output, the impedance of an electrode is linearly re-
lated to the voltage between the electrodes, i.e. the im-
pedance of the first electrode 16 is linearly related to the
voltage difference between the first electrode 16 and the
voltage of the parallel combination of the second elec-
trode 18 and the third electrode 20, as governed by the
following equation:

[0033]
Z,=kEp Eqn. 1
[0034] where Z, is the unknown impedance, k is an

empirical constant of proportionality and E, is the voltage
difference between the first electrode 16 and the parallel
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combination of the second electrode 18 and the third
electrode 20.

[0035] However, it may be difficult and expensive to
use a constant current source. Therefore, in another em-
bodiment, the alternating current generator 12 produces
a variable current. When the alternating current genera-
tor 12 produces a variable current, the relationship be-
tween the voltage difference between the first electrode
16 and the voltage of the parallel combination of the sec-
ond electrode 18 and the third electrode 20, and the im-
pedance of the first electrode 16 is no longer linear. Rath-
er it is governed by the following equation:

[0036]

Eqn. 2

[0037] where Z, is the unknown impedance of the first
electrode 16, Z, is the impedance of the alternating cur-
rent generator 12, E; is the output voltage of the alter-
nating current generator 12, and E, is the voltage differ-
ence between the first electrode 16 and the parallel com-
bination of the second electrode 18 and the third elec-
trode 20. The output voltage and the impedance of the
alternating current generator 12 are set values that are
set by either the medical staff or set upon manufacture
of the impedance measurement system 8.

[0038] With continued reference to Fig. 1, the proces-
sor 10, in various embodiments, is a microprocessor, a
desktop or laptop computer, an embedded chip, or any
type of processor that can be pre-programmed to perform
calculations based on the measured voltages and im-
pedance. The processor 10 controls the alternating cur-
rent generator 12 and performs the impedance calcula-
tions. As discussed above, the type of calculation that
the processor 10 performs is based on the whether the
current output of the alternating current generator 12 is
variable or constant. If the output current is constant, the
processor 10 will perform the calculation in Eqn. 1 to de-
termine the unknown impedance. If the output current is
variable, the processor 10 will perform the calculation in
Eqn. 2 to determine the unknown impedance.

[0039] Insome embodiments, the processor may also
control a signal to trigger or gate another device, such
as an ECG monitor or a gamma camera.

[0040] Fig. 2 is a more detailed schematic diagram of
the system of Fig. 1, illustrating an automated electrode-
body interface impedance measurement system accord-
ing to an embodiment of the present invention. In this
embodiment, the impedance measurement system 8 in-
cludes a processor 10; an alternating current generator
12; a plurality of electrodes (a first electrode 16, a second
electrode 18, and a third electrode 20); two sets of switch-
es (a first switch set 22 and a second switch set 24); a
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switch logic device 26; a synchronous rectifier 28; a plu-
rality of isolators (a first isolator 30 and a second isolator
32); an analog to digital converter 34; a display 36; and
optionally a clinical device 38.

[0041] In one embodiment, a plurality of electrodes,
preferably three, are connected to a first switch set 22
and a second switch set 24. Each switch set 22 and 24
contain one or more internal switches. An exemplary
switch set 22, 24 contains three internal switches, one
for each electrode: a first internal switch 22A, a second
internal switch 22B, a third internal switch 22C, a fourth
internal switch 24A, a fifth internal switch 24B, and a sixth
internal switch 24C. Each of the switch sets 22 and 24
are connected to the alternating current generator 12.
The alternating current generator 12 applies a voltage
and a current flow to the three electrodes 16-20. In this
embodiment, the switch sets 22 and 24 and the alternat-
ing current generator 12 are controlled by the switch logic
device 26, which is in turn controlled by the processor
10. The processor 10 turns on the switch logic device 26,
the synchronous rectifier 28, the analog to digital con-
verter 34, and the alternating current generator 12 (to
apply a voltage to the electrodes 16-20), and sets the
switch sets 22 and 24 and the internal switches 22A-C
and 24A-C.

[0042] Once the impedance measurement system 8
is turned on, the impedance of each of the electrodes is
measured. For example, a signal, corresponding to the
voltage difference between the first electrode 16 and the
paralleled second electrode 18 and third electrode 20, is
rectified by the synchronous rectifier 28 and converted
to a digital signal by the analog to digital converter 34,
after passing through the isolator 30. The voltage differ-
ence is then read by the processor 10. The processor
10, using the above equations, will use this voltage value
alone where the generator 12 is a constant current gen-
erator or in combination with the voltage and impedance
of the alternating current generator 12, if the generator
12is variable, to calculate the impedance of the first elec-
trode 16. Once the processor 10 has performed the cal-
culation, the display 36 will register a value for the elec-
trode-body impedance of the first electrode 16. The proc-
ess is then repeated first for the second electrode 18 and
then for the third electrode 20. The process of calculating
all three electrode-body impedance values may take ap-
proximately 0.4 to 1.0 seconds, but preferably 0.6 sec-
onds. Additionally, a clinical device 36 may also be con-
trolled by the processor 10 and connected to the imped-
ance measurement system 8. Once the calculation of the
electrode-body impedance of all three electrodes is com-
pleted, the processor shuts off the synchronous rectifier
26, the alternating current generator 12, and the analog
to digital to converter 34.

[0043] With continued reference to Figure 2, the plu-
rality of switches are not limited to two switch sets 22,
24, but can include any number of switch sets 22, 24
necessary for the number of electrodes being used. The
switch sets 22, 24 may be used to isolate the appropriate
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electrode. For example, if the impedance of the first elec-
trode 16 is to be measured, the switch sets 22, 24 will be
set to create a circuit between the first electrode 16 and
the paralleled second electrode 18 and the third electrode
20. More specifically, the first internal switch 24A (corre-
sponding to the first electrode 16) will be closed and the
second and third internal switches 22B and 22C (corre-
sponding to the second electrode 18 and the third elec-
trode 20, respectively) will remain open in the first switch
set 22. In the second switch set, the fifth and sixth internal
switches 24B and 24C (corresponding to the second
electrode 18 and the third electrode 20) will be closed,
while the fourth internal switch 24A (corresponding to the
first electrode 16) will remain open. In one embodiment,
the first switch set 22 and the second switch set 24 com-
prise field effect transistor ("FET") switches.

[0044] The switch logic device 26 controls the switches
22 and 24, through the processor 10. In one embodiment,
the processor 10 produces a digital output to the switch
logic device 26. For example, upon receipt of the first
digital output from the processor 10, the switch logic de-
vice 26 turns on the alternating current generator 12. The
switch logic device 26 then directs the first switch set 22
to close the firstinternal switch 22A and open the second
and third internal switches 22B, 22C. A third digital output
causes the second switch 24 to open fourth internal
switch 24A and close the fifth and sixth internal switches
24B, 24C. Upon receipt of the fourth pulse, the switch
logic device 26 turns off the alternating current generator
12. The sequence may be repeated to determine the im-
pedance of the second electrode 18 and the third elec-
trode 20. The alternating current generator 12 is shut off
as the alternating current generator 12 may cause inter-
ference with the ECG signal when the impedance meas-
urement system 8 is used with, for example, an ECG
monitoring or gating device.

[0045] The synchronous rectifier 28 rectifies the signal
from the alternating current generator 12. A full wave
rectifier may be used, but the use of a synchronous rec-
tifier expedites the sampling of the peak amplitude of the
waveform generated by the alternating current generator
12.

[0046] The plurality of isolators (the first isolator 30 and
the second isolator 32) are used to isolate the patient or
body 10 from the high voltage electronics. The first iso-
lator 30 and the second isolator 32 may be optical isola-
tors, transformers, or analog isolators.

[0047] The analog to digital converter 34 converts the
analog signal from the synchronous rectifier 28 into a
digital signal to be read by the processor 10. As illustrat-
ed, the analog to digital converter 34 is on the non-iso-
lated side of the impedance measurement system 8.
However, in other embodiments, the analog to digital
converter may be located on the isolated side of the im-
pedance measurement system 8.

[0048] Thedisplay 36 may be any device known to one
of skillin the art to display the output of a processor, such
as a computer monitor or a LCD screen. The display 36
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may show the electrode-body impedance for all of the
electrodes used in the monitoring or triggering process
to be performed. Three electrodes are illustrated in Fig-
ure 2, thus, the display 36 will show the impedance of
the first electrode 16, the second electrode 18, and the
third electrode 18.

[0049] Other embodiments of the display 36 may in-
clude a series of blinking lights to indicate the impedance
level at the electrode-body interface. For example a pair
of red and green lights may be used: red signaling that
the impedance is too high, green signaling an acceptable
impedance. Additionally, three lights, red, green and yel-
low may be used, where yellow serves as a warning that
the impedance may not be at an optimal level. A user,
such as the medical staff, or the service provider for the
system, may pre-configure the impedance levels for each
of the blinking lights. Alternatively, an alarm may sound
whenthe impedance level of the electrode-body interface
for an electrode is too high. The alarm signals to the med-
ical staff to continue to prepare the patient.

[0050] Another aspect of the invention relates to im-
plementing the impedance measurement system 8 within
the clinical device 38. The clinical device 38 may be, but
is not limited to, the following: a gamma camera, a stress
test ECG, an EEG machine, an EEG monitor, a transcu-
taneous nerve stimulator, a depth of anesthesia monitor-
ing system, an EMG monitor, a CT scanner, a MR1, an
ultrasound, a lithotripter, a defibrillator, or any other de-
vice for which skin electrodes are required for measure-
ment or current delivery. The impedance measurement
system 8 functions as described above. Once the imped-
ance is measured, the medical staff may proceed to im-
plement the clinical device 38. In one embodiment, the
impedance measurement system 8 simply alerts the user
of the other device of the impedance level at the elec-
trode-body interface. Once the medical staff is alerted,
the medical staff may proceed with the operation of the
clinical device 38 or the medical staff may continue the
preparation of the patient. In one embodiment, the im-
pedance measurement system 8 will shut off the clinical
device, such that the clinical device 38 will not operate
until the impedance at the electrode-body interface has
reached a pre-set level.

[0051] Fig. 3 is a high-level flow chart illustrating ex-
emplary steps involved in calculating electrode-body in-
terface impedance according to an embodiment of the
present invention. The steps include (1) measuring an
output impedance of the alternating current generator
(Step 100); (2) measuring an output voltage of the alter-
nating current generator (Step 102); (3) measuring a volt-
age between two or more electrodes (Step 104); and (4)
calculating an impedance at the electrode-body interface
(Step 106). The calculation of the impedance at the elec-
trode-body interface is performed using either Eqn. 1 or
Eqgn. 2 above, depending of whether the alternating cur-
rent produces a constant current or a variable current,
respectively.

[0052] Variations, modification, and other implemen-
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tations of what is described herein will occur to those of
ordinary skill in the art without departing from the scope
of the invention as claimed. Accordingly, the invention is
to be defined not by the preceding illustrative description
but instead by the scope of the following claims.

Claims

1. Asystem (8) for measuring animpedance at an elec-
trode-body interface comprising:

a processor (10);

an alternating current generator (12) in commu-
nication with the processor, the alternating cur-
rent generator having an output voltage and an
output impedance;

atleast three skin electrodes (16, 18, 20) in com-
munication with the processor and the alternat-
ing current generator, each skin electrode hav-
ing an electrode-body impedance,

wherein the system is arranged such that proc-
essor calculates each electrode-body imped-
ance at the electrode-body interface in response
to the output impedance of the alternating cur-
rent generator, the output voltage of the alter-
nating current generator and the voltage be-
tween a said skin electrode and two others of
the skin electrodes when the two others of the
skin electrodes are electrically shorted together.

2. The system of claim 1 further comprising a plurality
of switches (22, 24), each switch associated with a
respective skin electrode.

3. The system of claim 1 further comprising a synchro-
nous rectifier (28) in electrical communication be-
tween the processor and the skin electrodes.

4. The system of claim 3 wherein the synchronous rec-
tifier is further in communication with the alternating
current generator (12) and samples a peak ampli-
tude of a waveform generated by the alternating cur-
rent generator.

5. The system of claim 1 further comprising an analog
to digital converter (34) in electrical communication
either between the processor and the synchronous
rectifier, or between the processor and the skin elec-
trodes.

6. A system comprising:

a clinical device; and

an impedance measuring device in electrical
communication with the clinical device, the im-
pedance measuring device comprising the fea-
tures of any of claims 1 to 5,
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wherein the user of the clinical device is notified
of the electrode-body impedance of the plurality
of skin electrodes, and

wherein the clinical device is one of a gamma
camera, an ECG device for stress testing, a de-
fibrillator, and an EEG device.

A clinical system comprising the features of any of
claims 1 to 5 and a clinical device in communication
with the skin electrodes, the clinical device being a
device for which skin electrodes are required for one
of measurement or current delivery, wherein:

the plurality of skin electrodes are for attachment
to a body of a patient,

the impedance measuring system is implement-
ed as an impedance measuring device, and
the system is arranged such that a user of the
clinical device is notified of the electrode-body
impedance of the plurality of skin electrodes.

The system of claim 7 wherein the clinical device is
selected from the group consisting of a transcutane-
ous nerve stimulator, a depth of anesthesia monitor-
ing system, an EMG monitor, a CT scanner, a MR,
an ultrasound, or a lithotripter.

A method for measuring an impedance of at a body-
electrode interface in a system comprising an alter-
nating current generator and at least three skin elec-
trodes, the method comprising:

measuring (100) an output impedance of the al-
ternating current generator;

measuring (102) an output voltage of the alter-
nating current generator;

measuring (104) a voltage between a said skin
electrode and two others of the skin electrodes
when the two others of the skin electrodes are
electrically shorted together, the at least three
skin electrodes being in communication with the
alternating current generator; and

calculating (106) an impedance for each of the
plurality of skin electrodes at the electrode-body
interface using the output impedance of an al-
ternating current generator, the output voltage
of the alternating current generator and the volt-
age between said skin electrode and two others
of the skin electrodes when the two others of the
skin electrodes are electrically shorted together.

10. The invention of claim 1 or 9 wherein the alternating

1.

current generator provides a constant current output.

The invention of claim 10 wherein each electrode
impedance at the electrode-body interface is linearly
related to the voltage between two or more of the
skin electrodes.
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13.

14.

15.

16.

17.

12

. The invention of claim 1 or 9 wherein the alternating
current generator operates at a frequency of 10 Hz.

The invention of claim 1 or 9 wherein the alternating
current generator generates a current of less than
50 microamps RMS.

The invention of claim 1 or 9 wherein the alternating
current generator generates a current of 10 micro-
amps RMS.

The invention of claim 1 or 9 wherein the alternating
current generator generates a triangular voltage
waveform.

The system of claim 1 further comprising a display
in communication with the processor, the system be-
ing arranged such that the display indicates the elec-
trode-body impedance for each skin electrode.

The system of claim 1 further arranged such that an
alarm is sounded when the impedance level of the
electrode-body interface for a skin electrode is too
high.

Patentanspriiche

1.

2,

3.

System (8) zur Messung einer Impedanz an einer
Elektroden-Kérper-Schnittstelle, das folgendes auf-
weist:

einen Prozessor (10);

einen Wechselstromgenerator (12) in Verbin-
dung mit dem Prozessor, wobei der Wechsel-
stromgenerator eine Ausgangsspannung und
eine Ausgangsimpedanz aufweist;

mindestens drei Hautelektroden (16, 18, 20) in
Verbindung mit dem Prozessor und dem Wech-
selstromgenerator, wobei jede Hautelektrode
eine Elektroden-Korper-Impedanz aufweist,
wobei das System so angeordnet ist, dass der
Prozessor jede Elektroden-Kérper-Impedanz
an der Elektroden-Koérper-Schnittstelle berech-
net, ansprechend auf die Ausgangsimpedanz
des Wechselstromgenerators, die Ausgangs-
spannung des Wechselstromgenerators und
die Spannung zwischen einer besagten Haut-
elektrode und zwei anderen der Hautelektroden,
wenn die zwei anderen der Hautelektroden elek-
trisch kurzgeschlossen sind.

System nach Anspruch 1, das des Weiteren eine
Vielzahl an Schaltern (22, 24) aufweist, wobei jeder
Schalter einer entsprechenden Hautelektrode zuge-
horig ist.

System nach Anspruch 1, das des Weiteren einen
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Synchrongleichrichter (28) aufweist, der in elektri-
scher Verbindung zwischen dem Prozessor und den
Hautelektroden steht.

System nach Anspruch 3, wobei der Synchron-
gleichrichter des Weiteren in Verbindung mit dem
Wechselstromgenerator (12) steht und eine Spitzen-
amplitude einer Wellenform abtastet, die von dem
Wechselstromgenerator erzeugt wird.

System nach Anspruch 1, das des Weiteren einen
Analog-Digital-Wandler (34) aufweist, der in elektri-
scher Verbindung entweder zwischen dem Prozes-
sor und dem Synchrongleichrichter oder zwischen
dem Prozessor und den Hautelektroden steht.

System, das folgendes aufweist:

ein klinisches Gerat; und

ein Impedanz-Messgerat, das in elektrischer
Verbindung mit dem klinischen Gerét steht, wo-
bei das Impedanz-Messgerat die Merkmale von
jedem der Anspriiche 1 bis 5 aufweist,

wobei der Anwender des klinischen Gerats Gber
die Elektroden-Kdrper-Impedanz der Vielzahl
an Hautelektroden benachrichtigt wird, und
wobei das klinische Gerat eine Gammakamera,
ein EKG-Gerat fur Belastungstests, einen Defi-
brillator oder ein EEG-Gerét ist.

Klinisches System, das die Merkmale von jedem der
Anspriche 1 bis 5 aufweist, und klinisches Gerat,
das in Verbindung mit den Hautelektroden steht, wo-
bei das klinische Gerat ein Gerat ist, fir das Haut-
elektroden fir eine Messung oder Stromabgabe be-
nétigt werden, wobei:

die Vielzahl an Hautelektroden fiir die Anbrin-
gung an einem Korper eines Patienten gedacht
sind,

das Impedanz-Messsystem als
Messgerat ausgefiihrt ist, und
das System so angeordnet ist, dass ein Anwen-
der des klinischen Gerats uber die Elektroden-
Korper-Impedanz der Vielzahl an Hautelektro-
den benachrichtigt wird.

Impedanz-

System nach Anspruch 7, wobei das klinische Gerat
aus der Gruppe ausgewahlt wird, die aus einem
transkutanen Nervenstimulator, einem Anasthesie-
tiefe-Uberwachungssystem, einem EMG-Monitor,
einem CT-Scanner, einem MRI, einem Ultraschall
oder einem Lithotripter besteht.

Verfahren zum Messen einer Impedanz an einer
Korper-Elektroden-Schnittstelle in einem System,
das einen Wechselstromgenerator und mindestens
drei Hautelektroden aufweist, wobei das Verfahren
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10.

1.

12,

13.

14,

15.

16.

17.

folgendes aufweist:

Messen (100) einer Ausgangsimpedanz des
Wechselstromgenerators;

Messen (102) einer Ausgangsspannung des
Wechselstromgenerators;

Messen (104) einer Spannung zwischen einer
besagten Hautelektrode und zwei anderen der
Hautelektroden, wenn die zwei anderen der
Hautelektroden elektrisch  kurzgeschlossen
sind, wobei die mindestens drei Hautelektroden
in Verbindung mit dem Wechselstromgenerator
stehen; und

Berechnen (106) einer Impedanz fir jede der
Vielzahl an Hautelektroden an der Elektroden-
Korper-Schnittstelle unter Verwendung der
Ausgangsimpedanz eines Wechselstromgene-
rators, der Ausgangsspannung des Wechsel-
stromgenerators und der Spannung zwischen
besagter Hautelektrode und zwei anderen der
Hautelektroden, wenn die zwei anderen der
Hautelektroden elektrisch  kurzgeschlossen
sind.

Erfindung nach Anspruch 1 oder 9, wobei der Wech-
selstromgenerator eine konstante Stromabgabe be-
reitstellt.

Erfindung nach Anspruch 10, wobei jede Elektroden-
impedanz an der Elektroden-Koérper-Schnittstelle in
linearem Zusammenhang mit der Spannung zwi-
schen zwei oder mehreren der Hautelektroden steht.

Erfindung nach Anspruch 1 oder 9, wobei der Wech-
selstromgenerator bei einer Frequenz von 10 Hz
operiert.

Erfindung nach Anspruch 1 oder 9, wobei der Wech-
selstromgenerator Strom von weniger als 50 Mikro-
ampere RMS erzeugt.

Erfindung nach Anspruch 1 oder 9, wobei der Wech-
selstromgenerator Strom von 10 Mikroampere RMS
erzeugt.

Erfindung nach Anspruch 1 oder 9, wobei der Wech-
selstromgenerator eine dreieckférmige Spannungs-
wellenform erzeugt.

System nach Anspruch 1, das des Weiteren einen
Anzeigebildschirm aufweist, der in Verbindung mit
dem Prozessor steht, wobei das System so ange-
ordnet ist, dass die Anzeigevorrichtung die Elektro-
den-Kérper-Impedanz fiir jede Hautelektrode an-
zeigt.

System nach Anspruch 1, das des Weiteren so an-
geordnet ist, dass Alarm gegeben wird, wenn das
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Impedanzniveau der Elektroden-K&rper-Schnittstel-
le fir eine Hautelektrode zu hoch ist.

Revendications

Systéme (8) pour mesurer une impédance a une in-
terface électrode-corps comprenant:

un processeur (10);

un générateur de courant alternatif (12) en com-
munication avec le processeur, le générateur de
courant alternatif ayant une tension de sortie et
une impédance de sortie;

au moins trois électrodes de peau (16, 18, 20)
en communication avec le processeur et le gé-
nérateur de courant alternatif, chaque électrode
de peau ayant une impédance électrode-corps,
ou le systéme est agencé de fagon que le pro-
cesseur calcule chaque impédance électrode-
corps a linterface électrode-corps en réponse
a l'impédance de sortie du générateur de cou-
rant alternatif, la tension de sortie du générateur
de courant alternatif et la tension entre ladite
électrode de peau et deux autres des électrodes
de peau lorsque les deux autres des électrodes
de peau sont électriquement court-circuitées
ensemble.

Systéme selon la revendication 1, comprenant en
outre une pluralité de commutateurs (22, 24), cha-
que commutateur étant associé a une électrode de
peau respective.

Systéme selon la revendication 1, comprenant en
outre un redresseur synchrone (28) en communica-
tion électrique entre le processeur et les électrodes
de peau.

Systéme selon la revendication 3, ou le redresseur
synchrone est en outre en communication avec le
générateur de courant alternatif (12) et échantillonne
une amplitude de créte d’'une forme d’'onde produite
par le générateur de courant alternatif.

Systéme selon la revendication 1, comprenant en
outre un convertisseur analogique/numérique (34)
en communication électrique soit entre le proces-
seur et le redresseur synchrone, soit entre le pro-
cesseur et les électrodes de peau.

Systéme comprenant:

un dispositif clinique; et

un dispositif de mesure d’'impédance en com-
munication électrique avec le dispositif clinique,
le dispositif de mesure d'impédance comprend
les caractéristiques selon I'une quelconque des
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revendications 1 a 5, ou est notifié a I'utilisateur
du dispositif clinique I'impédance électrode-
corps de la pluralité d’électrodes de peau, et
le dispositif clinique est un parmi une caméra
gamma, un dispositif ECG pour le test du stress,
un défibrillateur et un dispositif EEG.

Systéme clinique comprenant les caractéristiques
selon 'une quelconque des revendications 1 a 5, et
un dispositif clinique en communication avec les
électrodes de peau, le dispositif clinique étant un dis-
positif pour lequel les électrodes de peau sont requi-
ses pour une parmi la mesure ou la délivrance du
courant, ou:

la pluralité des électrodes de peau sont desti-
nées a étre fixées a un corps d’un patient,

le systéme de mesure d'impédance est mis en
oeuvre comme un dispositif de mesure d’impé-
dance, et

le systeme est agencé de fagon qu'il soit notifié
aun utilisateur du dispositif clinique 'impédance
électrode-corps de la pluralité des électrodes de
peau.

Systéme selon la revendication 7, ou le dispositif cli-
nique est sélectionné dans le groupe consistant en
un stimulateur de nerfs transcutané, une profondeur
d’'un systéme de surveillance d’anesthésie, un mo-
niteur EMG, un scanner CT, une IRM, un ultrason
ou un lithotriptére.

Procédé pour mesurer une impédance a une inter-
face corps-électrode dans un systéme comprenant
un générateur de courant alternatif et au moins trois
électrodes de peau, le procédé comprenant:

la mesure (100) d’'une impédance de sortie du
générateur de courant alternatif;

la mesure (102) d’'une tension de sortie du gé-
nérateur de courant alternatif;

la mesure (104) d’une tension entre ladite élec-
trode de peau et deux autres électrodes de peau
lorsque les deux autres électrodes de peau sont
électriquement court-circuitées, les au moins
trois électrodes de peau étant en communica-
tion avec le générateur de courant alternatif; et
calculer (106) une impédance pour chacune de
la pluralité d’électrodes de peau a linterface
électrode-corps en utilisant 'impédance de sor-
tie du générateur de courant alternatif, la tension
de sortie du générateur de courant alternatif et
la tension entre ladite électrode de peau et deux
autres électrodes de peau lorsque les deux
autres électrodes de peau sont électriquement
court-circuitées ensemble.

10. L’invention selon la revendication 1 ou 9, ou le gé-



11.

12.

13.

14.

15.

16.

17.
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nérateur de courant alternatif fournit une sortie de
courant constant.

L’invention selon la revendication 10, ou chaque im-
pédance d’électrode al'interface électrode-corps est
linéairement liée a une tension entre deux ou plu-
sieurs des électrodes de peau.

L’invention selon la revendication 1 ou 9, ou le gé-
nérateur de courant alternatif fonctionne a une fré-
quence de 10 Hz.

L’invention selon la revendication 1 ou 9, ou le gé-
nérateur de courant alternatif produit un courant in-
férieur a 50 microamps RMS.

L’invention selon la revendication 1 ou 9, ou le gé-
nérateur de courant alternatif produit un courant de
10 microamps RMS.

L’invention selon la revendication 1 ou 9, ou le gé-
nérateur de courantalternatif produit une forme d’on-
de de tension triangulaire.

Systéme selon la revendication 1, comprenant en
outre un affichage en communication avec le pro-
cesseur, le systéme étant agencé de fagon que I'af-
fichage indique I'impédance électrode-corps pour
chaque électrode de peau.

Systéme selon la revendication 1, agencé en outre
de fagon qu’une alarme soit déclenchée lorsque le
niveau d'impédance de l'interface électrode-corps
pour une électrode de peau est trop éleve.
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MEASURE THE OUTPUT IMPEDANCE - STEP 100
OF THE ALTERNATING CURRENT GENERATOR

A

MEASURE THE OUTPUT VOLTAGE . STEP 102
OF THE ALTERNATING CURRENT GENERATOR
. | |
MEASURE THE VOLTAGE  ~ STEP 104

BETWEEN TWO OR MORE ELECTRODES

Y

CALCULATE THE IMPEDANCE - STEP 106
AT THE ELECTRODE-BODY INTERFACE

FIG. 3
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