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METHOD AND APPARATUS FOR
DETECTION OF INTERFERENCE IN
IMPEDANCE BASED MEASUREMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to GB patent appli-
cation number 1604429.9, filed on Mar. 16, 2016, the
entirety of which is incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to respiration moni-
toring. More particularly, the present disclosure relates to a
method and an apparatus for detection of interference in
impedance based measurements. More particularly, the pres-
ent disclosure relates to a method for detection of interfer-
ence in impedance based monitoring of a subject, and an
impedance based monitor.

[0003] Electrical impedance is the measure of the oppo-
sition that a circuit presents to a current when a voltage is
applied. In quantitative terms, it is the complex ratio of the
voltage to the current in an alternating current (AC) circuit.
Impedance extends the concept of resistance to AC circuits,
and possesses both magnitude and phase, unlike resistance,
which has only magnitude. When a circuit is driven with
direct current (DC), there is no distinction between imped-
ance and resistance; the latter can be thought of as imped-
ance with zero phase angle.

[0004] Monitors used in operating suits and intensive care
units use impedance measuring to document a patients
ventilator frequency. When connected to such a monitor, a
pacemaker sensor may measure the summated impedance
signals resulting from the monitor and its own electrical
current, falsely interprets the information as an increase in
transthoracic impedance, and increases the heart rate accord-
ingly.

[0005] Present monitors can interfere with a pacemaker
and vice versa. Medical staff using the present monitors does
not know if they interfere with a possible pacemaker of a
subject. A present monitor addressing this is not known.

SUMMARY

[0006] The present disclosure is directed to an impedance
based monitor and, a method for detection of interference in
impedance based monitoring of a subject by using a monitor.
This can be achieved by the features as defined by the
independent claims. Further enhancements are characterized
in the dependent claims.

[0007] According to one embodiment, the present disclo-
sure is directed to a method for detection of interference in
impedance based monitoring of a subject by using a monitor.
The method comprising, connecting the subject to the moni-
tor using one or more leads; and before any current is
applied to the subject by the monitor, measuring voltage on
the subject via at least one of the one or more leads and if
any voltage is detected then the monitor indicates a warning.
[0008] According to one embodiment, the present disclo-
sure is directed to an impedance based monitor, the monitor
being connectable to a subject. The monitor is configured to
measure voltage on the subject, before any current is applied
to the subject by the monitor, and if any voltage is detected
then the monitor is configured to indicate a warning.
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[0009] According to one embodiment, the measuring of
voltage is made in a frequency band of operation of the
monitor, and in a range of frequency bands different from the
frequency band of operation of the monitor. According to
one embodiment, if any voltage within a certain frequency
band is detected, then the monitor measures voltage on the
subject in a different frequency band; and if a free frequency
band is detected, then operate the monitor with a current in
the free frequency band. According to one embodiment,
measuring voltage on the subject in a different frequency
band is repeated until a free frequency band for the current
is found.

[0010] According to one embodiment, wherein when a
warning is given, then the monitor requires a manual over-
ride to start impedance based monitoring. According to one
embodiment, measuring voltage is made in at least a fre-
quency band of operation of one or more of the following
devices: the monitor itself, a pacemaker, echocardiography
equipment, an apnoea monitor, and an external defibrillator.
According to one embodiment, the warning is one or more
of a visual indication and an audial indication produced by
the monitor.

[0011] At least one embodiment disclosed herein provides
a method that avoids interference between a pacemaker and
a monitor. At least one embodiment disclosed herein pro-
vides a monitor that avoids interference between a pace-
maker and the monitor. At least one embodiment disclosed
herein provides a method how medical staff using a monitor
can ensure that they do not interfere with a possible pace-
maker, or other device, of a subject, and a monitor for this.
At least one embodiment disclosed herein provides a solu-
tion that is inexpensive and easy to realize in reality. At least
one of the embodiments disclosed herein provides one or
more solutions to the problems and disadvantages with the
background art. At least one embodiment avoids compro-
mising accuracy of impedance respiration measurement
caused by interfering external signal sources. At least one
embodiment provides improved patient safety and/or
improved quality of respiration monitoring.

[0012] Other technical advantages of the present disclo-
sure will be readily apparent to one skilled in the art from the
following description and claims. Various embodiments of
the present application obtain only a subset of the advan-
tages set forth. No one advantage is critical to the embodi-
ments. Any disclosed or claimed embodiment may be tech-
nically combined with any other disclosed or claimed
embodiment or embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings illustrate presently
exemplary embodiments of the disclosure and serve to
explain, by way of example, the principles of the disclosure.
[0014] FIG. 1 is a diagrammatic illustration of a monitor
according to an exemplary embodiment of the disclosure;
and

[0015] FIG. 2 shows a flow chart of a method according to
an exemplary embodiment of the disclosure.

DETAILED DESCRIPTION

[0016] Turning to FI1G. 1, according to an embodiment, an
impedance respiration monitor 10 measures voltage between
electrodes that are attached to a subject 40. The electrodes
may for example be leads and/or sensors. The monitor
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supplies current and measures voltage between the elec-
trodes, for example between a drive electrode 20 and a
receive electrode 30, to monitor air flow in lungs. As the
subject 40 inhales, air, which is an insulator, enters the lungs
and causes the net impedance in the circuit to increase.
When the subject exhales, air leaves the lungs and causes the
impedance in the circuit to decrease. Thus, a high-frequency
AC current is injected into the tissue through the drive
electrode 20. The AC current causes a potential difference to
develop across the drive electrode 20 and the receive elec-
trode (voltage sensing electrode) 30.

[0017] For example, for monitoring a subject’s respira-
tion, impedance based respiration monitoring, a monitor
may apply a high frequency current to the subject, for
example of 100 pA at 10 kHz. A current may be applied in
different frequency bands. If another device, for example, a
minute volume based cardiac pacemaker, operate in the
same frequency range, or within the same frequency band,
the two measurements can interfere with each other and
cause adverse effects for the subject and/or for respiration
monitoring. At least one embodiment relates to detecting the
potential interference before the carrier wave of impedance
respiration measurement is turned on.

[0018] Contrary to this disclosure, a carrier signal is
applied to a subject using a normal impedance based respi-
ration monitor when the impedance respiration measure-
ment is turned on. No scan or measurement is done before
starting monitoring respiration. If there exists simultane-
ously a second device that also applies current to the subject,
then the two devices can interfere with each other. Contrary
hereto, embodiments of the present disclosure avoids this by,
before the monitor turns on the carrier wave, the monitor
measuring voltage to detect any external carrier wave. In
other words, the monitor first listens to the frequency band
it is operating in to see if a different device is already using
that band. In a case with no external devices, for example
when the subject does not have a pacemaker, a zero signal
is observed and the carrier wave can be turned on from the
monitor without risk of interference. If a signal is detected,
for example when the subject has a pacemaker, then a
warning message is given to the user of the monitor.
[0019] According to one embodiment, the monitor may
scan, measure voltage, in more then only the frequency band
it is operating in. The monitor may for example scan a range
of frequency bands to determine if another device is using
any current in a frequency band. If another device operates
in a neighbouring frequency band, then this can be detected
and the monitor can signal the user of the monitor with a
warning. In this way it can be avoided that the monitor
interferes with another device, and that another device
interferes with the monitor, regardless of the frequency band
of the monitor or that another device. Interference with
neighbouring frequency bands is avoided.

[0020] At least one embodiment avoids adverse events
caused to a subject with a pacemaker caused by impedance
respiration disturbing the pacing. At least one embodiment
avoids compromised accuracy of impedance respiration
measurement caused by interfering external signal sources.
At least one embodiment improves patient safety. At least
one embodiment improves quality of respiration monitoring.
[0021] According to one embodiment, a method for detec-
tion of interference in impedance based monitoring of a
subject by using a monitor is disclosed. This method is
illustrated by FIG. 2, box 210. Before any current is applied
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by the monitor to the subject, the following is done by the
monitor. The monitor measures, scans for, voltage on the
subject. When the receive electrode 30, sensor 30, is
attached to the subject, then the monitor measures voltage,
and it does so before any current is applied by the monitor
via any lead. The measuring of voltage on the subject is
made in at least one frequency band of operation of the
monitor. The monitor scans in this way to detect an external
carrier wave, a high frequency AC signal other than the
carrier wave used by the monitor itself when monitoring
respiration. If such voltage is detected then the monitor
indicates a warning. Hereby a user can take appropriate
actions, such as checking for a pacemaker in the subject. The
monitor measures if there is any voltage in any of the leads
of the monitoring system before any carrier wave is applied.
Thus, the first operation that the monitor does before allow-
ing any current to be applied, is the scanning of any current
already present by measuring voltage. If any current is
detected, then the monitor blocks to use the monitor and
gives a warning to the user of the monitor. If no current is
detected, then the monitor allows monitoring. In practice, as
with measurements, some voltage may be detected due to,
for example measurement noise, muscle noise, cardiac activ-
ity, or similar. Such noise is naturally not part of the voltage
detected for indicating a warning as described. Such noise
may be excluded by filtering, and/or disregarded because it
is not above a pre-determined amplitude and/or frequency
threshold. In other words, to indicate a warning if any
voltage is detected excludes noise in the detected voltage,
such as measurement noise, muscle noise, cardiac activity,
or similar.

[0022] According to one embodiment, the measuring of
voltage is also made in a range of frequency bands of
operation different from the frequency band of operation of
the monitor. This embodiment is also represented by box
210 in FIG. 2. This is in addition to the frequency band of
operation of the monitor. In this way the monitor scans for
a current or voltage in a range of frequency bands to
determine if another device is using any other frequency
band. The monitor may in this way detect if another device
interferes with a neighbouring frequency band. The range of
frequency bands of operation different from the frequency
band of operation of the monitor may be the range of
operation of other devices using electric impedance mea-
suring, such as for example, echocardiography equipment,
apnoea monitors, and external defibrillators. If an external
carrier wave at a given frequency band is detected, embodi-
ments herein could comprise the step of not using such a
detected frequency band, and instead use a different fre-
quency band that has been detected to be available by the
monitor. The monitor may switch the operating frequency
band to a frequency band that the monitor has detected is
free.

[0023] According to one embodiment, the method may
further comprise the following. If any voltage is detected,
then the monitor measures voltage on the subject in a
different frequency band. That is, in a frequency band
different from the previous frequency band, or bands if
several measurements have been done. If no voltage is
measured, then the monitor can be operated within such a
free frequency band. This embodiment is represented by box
220 in FIG. 2. In other words, if a current is detected, then
the monitor can try one or more different frequency ranges
until it finds a free frequency range that it can use. The user
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may be informed hereof by an indication, such as a warning
indication and/or what frequency range to use for monitor-
ing respiration.

[0024] According to one embodiment, especially accord-
ing to the previous embodiment, the method may further
comprise the following. The step of measuring voltage on
the subject in a different frequency band, then the previous
frequency bands, is repeated until a frequency band is found
where no voltage is measured. With a different frequency
band is meant a free frequency band that is different from the
previous frequency band used. This embodiment is repre-
sented by box 230 in FIG. 2. In this way, if an external
carrier wave at a given frequency band is found and a
warning is indicated not to start measurement with that
frequency, then the monitor could switch to a different band
and measure if it is safe to start monitoring with that new
frequency. Hereby interference is avoided.

[0025] According to one embodiment, the monitor
requires a manual override to continue impedance monitor-
ing. This embodiment is represented by box 240 in FIG. 2.
When a warning is indicated, then, for safety reasons, a
manual override, a physical action by the user of the
monitor, must be made to measure impedance on that
frequency range where an external carrier wave was
detected.

[0026] According to one embodiment, the at least one
frequency band of operation is a frequency band of opera-
tion of one or more of the following devices: the monitor
itself, pacemaker, echocardiography equipment, apnoea
monitor, and external defibrillator. The monitor measures
voltage, scans for current at certain frequency ranges, cor-
responding to frequency bands used by one or more of such
devices. The method may include that the monitor is con-
figured to detect voltage characteristic of these devices.
Hereby the method ensures that measurements are made to
detect known devices.

[0027] According to one embodiment, the warning is one
or more of a visual indication and an audial indication
produced by the monitor. The warning may be a sounding
alarm. In addition hereto, or separately, the warning may be
a visual indication, such as a light or an indication on a
screen of the monitor. The warning may additionally be that
the monitor does not allow monitoring to start.

[0028] According to one embodiment, an impedance
based monitor is provided. The monitor may be for a patient,
to monitor respiration. The monitor is connectable to a
subject, a patient. Such a connection can be made by a
wireless or cable lead (sensor, electrode). The monitor may
be configured to detect other devices using impedance based
monitoring relating to the subject in question. The monitor
may be configured to measure voltage, scanning for current,
on the subject in at least one frequency band of operation of
the monitor, before any current is applied to the subject. This
is to detect an external carrier wave. That is a carrier wave
other than the carrier wave produced by the monitor itself.
If such voltage is detected then the monitor is configured to
indicate a warning. This configuration may be made by
programming the monitor and/or configuring the monitor’s
circuit board.

[0029] According to one embodiment, the monitor is
further configured to measure voltage in a range of fre-
quency bands of operation different from the frequency band
of operation of the monitor. The monitor does not only
measure voltage in the frequency bands of the monitor, but
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in addition to the frequency band of operation of the
monitor, the monitor is also configured to measure voltage
in a range of frequency bands of operation different from the
frequency band of operation of the monitor. This is to detect
other devices that produce a current within the subject, and
where that current could interfere with the monitor or the
monitor could interfere with such other device.

[0030] According to one embodiment, the monitor is
further configured to, if any voltage within a certain fre-
quency band is detected, measuring voltage on the subject in
a different frequency band. If no voltage is measured, if a
free frequency band is detected, then the monitor is config-
ured to operate with a current in such a free frequency band.
The monitor may be configured to repeat measuring voltage
on the subject in a different frequency band, until a fre-
quency band is found where no voltage is measured. Such a
monitor would provide a possibility that when an external
carrier wave at a given frequency band is found, the monitor
will not use or start the measurement with that frequency,
but instead the monitor would switch to a different frequency
band and detect if it is safe to start monitoring with that new
frequency.

[0031] According to one embodiment, the monitor may be
configured to require a manual override to start impedance
monitoring. When a warning is given, e.g. when an external
current at a given frequency band is found, then the monitor
may require that a user must make a physical interaction
with the monitor, e.g. press a button, to confirm that the
monitor should use, continue to use, that frequency band for
a carrier wave for monitoring respiration.

[0032] According to one embodiment, the monitor is
configured to measure voltage in at least one frequency band
of operation of one or more of the following devices: the
monitor itself, pacemaker, echocardiography equipment,
apnoea monitor, and external defibrillator. The configuration
of the monitor may include that the monitor is configured to
detect voltage characteristic of these devices. Hereby the
impedance based monitor is configured to detect interfer-
ence with these devices that could cause interference.
[0033] According to one embodiment, the monitor is
further configured to produce the warning as one or more of
a visual indication and an audial indication. This could for
example be a sounding alarm alone or in combination with
a light. Another example would be a flashing light with or
without a sounding alarm.

[0034] According to one embodiment, the monitor and the
method measures voltage, before any current is applied, in
at least one frequency band of operation of the monitor to
detect an external carrier wave, an existing current, and if
such current is detected then the monitor indicates a warn-
ing. When the respiration monitor is attached to the subject
via two or more leads, electrodes/sensors, then the monitor
scans for any current, carrier waves, in the frequency bands
of operation of the monitor to detect any external devices
before the respiration monitoring starts.

[0035] This written description uses examples to disclose
the invention, including the best mode, and also to enable
any person skilled in the art to practice the invention,
including making and using any devices or systems and
performing any incorporated methods. The patentable scope
of the invention is defined by the claims, and may include
other examples that occur to those skilled in the art. Such
other examples are intended to be within the scope of the
claims if they have structural elements that do not differ
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from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences
from the literal languages of the claims.

We claim:

1. A method for detection of interference in impedance
based monitoring of a subject by using a monitor, compris-
ing:

connecting the subject to the monitor using one or more

leads; and

before any current is applied to the subject by the monitor,

measuring a voltage on the subject via at least one of
the one or more leads and if any voltage is detected then
the monitor indicates a warning.

2. The method of claim 1, wherein the measuring of the
voltage is made in a frequency band of operation of the
monitor, and in a range of frequency bands different from the
frequency band of operation of the monitor.

3. The method of claim 1, further comprising, if any
voltage within a certain frequency band is detected, then
measuring a voltage on the subject in a different frequency
band; and if a free frequency band is detected, then operate
the monitor with a current in the free frequency band.

4. The method of claim 3, wherein measuring voltage on
the subject in a different frequency band is repeated until a
free frequency band is found.

5. The method of claim 1, wherein when a warning is
given, then the monitor requires a manual override to start
impedance based monitoring.

6. The method of claim 1, wherein measuring the voltage
is made in at least a frequency band of operation of one or
more of the following devices: the monitor itself, a pace-
maker, echocardiography equipment, an apnoea monitor,
and an external defibrillator.

7. The method of claim 1, wherein the warning is one or
more of a visual indication and an audial indication pro-
duced by the monitor.
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8. An impedance based monitor, the monitor being con-
nectable to a subject, the monitor being configured to
measure a voltage on the subject, before any current is
applied to the subject by the monitor, and if any voltage is
detected then the monitor is configured to indicate a warn-
ing.

9. The impedance based monitor of claim 8, wherein the
monitor is further configured to measure the voltage in a
frequency band of operation of the monitor, and in a range
of frequency bands different from the frequency band of
operation of the monitor.

10. The impedance based monitor of claim 8, wherein the
monitor is further configured to, if any voltage within a
certain frequency band is detected, measuring voltage on the
subject in a different frequency band; and if a free frequency
band 1s detected, then operate the monitor with a current in
the free frequency band.

11. The impedance based monitor of claim 10, wherein
the monitor is configured to repeat measuring voltage on the
subject in a different frequency band until a free frequency
band is found.

12. The impedance based monitor of claim 8, wherein
when a warning is given, then the monitor is configured to
require a manual override to start impedance monitoring.

13. The impedance based monitor of claim 8, wherein the
monitor is further configured to measure a voltage in at least
a frequency band of operation of one or more of the
following devices: the monitor itself, pacemaker, echocar-
diography equipment, apnoea monitor, and external defibril-
lator.

14. The impedance based monitor of claim 8, wherein the
monitor is further configured to produce the warning as one
or more of a visual indication and an audial indication.
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