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SENSOR DEVICE FOR ELECTRICAL IMPEDANCE TOMOGRAPHY IMAGING,
ELECTRICAL IMPEDANCE TOMOGRAPHY IMAGING INTRUMENT AND
ELECTRICAL IMPEANCE TOMOGRAPHY METHOD

TECHNICAL FIELD OF THE INVENTION

This invention relates to a sensor device for electrical impedance tomography
imaging (EIT imaging) comprising an electrode array for measuring an impedance
distribution, an EIT imaging instrument connectable to a sensor device comprising an
electrode array, an EIT imaging method for measuring an impedance distribution and

adjusting said measured impedance distribution.

BACKGROUND OF THE INVENTION

Electrical impedance tomography (EIT) is a non-invasive imaging technique
used to investigate and measure regional lung ventilation and perfusion (flow of
blood) in humans and animals. In contrast to conventional methods, EIT does not re-
quire the patient to breathe through a tube or sensor, does not apply ionizing X-rays
and can be used for extended periods, say 24 hours or even longer. EIT can be used
continuously and is therefore suited for monitoring treatment effects in real time and
over time. EIT was first used to monitor respiratory function in 1983 and remains the
only bedside method that allows continuous, non-invasive measurements of regional
changes in lung volume, blood flow, and cardiac activity. More details of this tech-
nique can be found in “Electrical impedance tomography” by Costa E.L., Lima R.G.,
and Amato M.B. in Curr Opin Crit Care, Feb. 2009, 15(1), p. 18-24.

In EIT, as disclosed by US patent 5,626,146, a plurality of electrodes, typically 8
to 32, are arranged on the surface of the body to be examined. A control unit ensures
that an electrical signal, for example a current is applied to one or several pairs of elec-
trodes on the skin to establish an electrical field which in turn is measured by the other
electrodes. The electrodes used to apply current are called “current injecting elec-
trodes” although one of them might serve as reference ground. Typically, 3 to 10 mA
RMS are injected at a frequency ranging from 0.1 to 10000 kHz. With the remaining

electrodes, the resulting voltages are measured (forming the “EIT data vector” or the

CONFIRMATION COPY



10

15

20

25

30

WO 2012/045188 PCT/CH2011/000236

“scan frame”) and subsequently used to estimate the distribution of electric impedance
within the body. Specific algorithms were developed to convert the set of voltages into
images. These conversions are subject to two major challenges: the first is that the
mathematical problem is ill-posed and non-linear, the second is inaccuracies of the
measured voltages due to variations in amplifiers and current sources.

To overcome the ill-posed nature of impedance estimation, most EIT imaging
algorithms make use of additional assumptions, restrictions or constrains. Typical
methods known in the art are the use of a-priori knowledge about the internal struc-
ture of the medium and regularization to select a particular solution. Examples of a-
priori knowledge include anatomical structures, functions of organs, physical charac-
teristics of tissue like conductivity, blood flow, timing of heart contraction, and the like.

In the case of respiratory monitoring, a-priori knowledge can be derived, for
example, from flow or volume measurements at the airway opening or from an X-ray
image of the chest or more preferentially from a CT scan, giving the contour and major
structures of a patient’s chest. Regularization methods enable to algorithmically decide
between competing solutions, producing an image that is a reasonable estimation of
the true impedance distribution within the thorax. Anatomical and physiological
knowledge as well as physical laws form the basis for regularization methods which
are known in the art. For example, abrupt changes in intra-thoracic impedance distri-
bution are usually discarded as non-physiological. Gravity influences the distribution
of blood pool and blood flow and therefore the distribution of impedance. Depending
on the posture, the disease of the patient and the intra-thoracic location of the imped-
ance distribution, gravity has significant effects on the measured signals. It is known
that mechanically ventilated intensive care patients in supine position suffer from re-
gional lung collapse in the dorsal regions of the lungs. Such collapse can lead to or ag-
gravate acute lung injury. Postural change, for example turning the patient to the side
or on his front (prone position) may reverse the collapse and can thus have beneficial
therapeutic effects.

A three-zone-model may be used to demonstrate the influence of gravity (He-
denstierna G. et al. Pulmonary densities during anaesthesia. An experimental study on
lung morphology and gas exchange. Eur Respir J. 1989 Jun;2(6):528.) The three zones of

this model are:
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Zone 1: open and well aerated alveoli;

Zone 2: unstable alveoli in which their opening and closing occurs during the
respiratory cycle;

Zone 3: collapsed alveoli.

These zones develop for example as a result of patients lying on their back (supine po-
sition) or on their stomach (prone position). In healthy subjects, the zones usually dis-
appear in the upright position. The degree or level of zone expression within the lungs
may vary with respect to the gravity vector. But the degree or level of zone expression
usually remains unchanged on a horizontal plane orthogonal to the gravity vector.
Ventilation-induced lung injury due to the cyclic opening and closing of lung units is
assumed to happen mainly in zone 2. Hypoxemia is caused by the shunting of blood
through the non-aerated zone 3. It is a treatment goal to eliminate those two zones in
patients.

In mechanically ventilated patients, oxygenation can be improved by changing
the body position of the patient. The mechanism behind such improvement is that
collapsed lung spaces, described as Zone 3 above, are being opened in the new body
position and thus oxygenation of blood is improved. Rotating the body of a mechani-
cally ventilated patient into defined lateral positions to improve lung function is
known in the art as disclosed in international application WO2005/094369.

Based on above knowledge, it might seem quite obvious to use EIT to monitor
the operation of the lung to detect dysfunctions such as a collapse of the lung and the
reversal of this collapse. However, in practice collapsed areas are difficult if not impos-
sible to see on EIT images.

To overcome inaccuracies of measured voltages in the electrical impedance to-
mography method, it is known to use time-difference images, i.e. images that are calcu-
lated with reference to an image taken at a particular previous point in time. Such time-
difference images are generated from changes in impedance relative to a baseline or
reference condition. This relative or differential approach cancels out systematic meas-
urement errors as well as some errors related to incorrect assumptions about thoracic
shapes, body composition and contact impedance, since the same errors are assumed
to be present in all images in a proportional way. Plotted rapidly in sequence, like a

movie, these images create a representation of gas and blood flow in and out of each
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lung region and allow the care giver to evaluate lung function in real time. Thus, the
dynamics of organ functions such as the beating of the heart and the breathing of the
lungs can be monitored. Pre-requisite for stable time-difference images are a sound
reference image. For this purpose, the sum or average of all values of a scan frame
(composite EIT signal or plethysmogram) is often used. It is assumed, that the onset of
a breath (start of inspiration) corresponds to a local minimum of the composite EIT
signal and the reference image is therefore taken exactly at this point. However, in pa-
tients with small tidal volumes and low signal-to-noise ratio, for example in intensive
care patients, the composite EIT signal is weak and exact determination of the onset of
inhalation is nearly impossible. With the EIT instrumentation available at the present,
artefacts create false signals very easily, introduce errors and bias, and ultimately lead
to erroneous clinical decisions.

Document WO 2006/121469 A1l describes an EEG system comprising a cap with
electrodes and motion sensors. The electrodes record the EEG signals. The motion sen-
sors acquire motion data, which may include noise signals associated with the patient
movement, blood flow motion and ballistocardiac motion within the patient. The data
are processed to reduce motion noise from the EEG signals.

Some recently published EIT methods are the following;:

Document WO 00/33733 A1 refers to a method for the regional determination
of the alveolar opening and closing of the lung depending on the respiration pressure,
wherein with the method of electrical impedance tomography an impedance signal is
measured in at least one lung zone depending on the respiration pressure.

Document WO 2009/035965 A1 discloses an instrument and a method for as-
sessing regional oxygen uptake by a patient. For achieving this, two electrical imped-
ance tomography images measured at different times are compared. One image is tak-
en shortly after inhaling the second image is taken after holding the breath for some
time. Regional differences in lung volume are interpreted to correlate with oxygen con-
sumption.

Document US 2004/034307 Al is concerned with reflection tomography imag-
ing using wave field energy such as ultrasound. This method is performed on a body
which is immersed in a liquid filled container. Sensors and receivers are positioned at a

distance from the body. .
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In the scientific paper by Brunner et al., titled “Imaging of local lung ventilation
under different gravitational conditions with electrical impedance tomography”, in
ACTA Astronautica, Pergamon Press, Elmsford, GB, Bol. 60 no. 4-7 (2007), it is referred
to EIT imaging of lung ventilation under different gravitational conditions. Regional
lung ventilation depends on the amount and direction of applied gravitational force.
The gravitational influence varies with the position and orientation of a test person.
The paper describes how parameters, which are attributed to four regions of interest,
change depending on the tilting angle of a test person.

Above scientific paper demonstrates the influence of gravity on lung perfusion
and lung ventilation. The existence of regional differences is known in the art and me-
thods to expose these differences are disclosed by the cited publications and others.
However, none of the hitherto disclosed methods allows for compensation of gravita-
tional influences and artefacts.

A need for improved EIT instrumentation and analysis methods exists, which
allow to monitor lung function and direct therapy. In particular long term EIT observa-
tion is expected to improve diagnosis and subsequent treatment. For example, due to
continuous EIT monitoring, regional lung ventilation and regional lung collapse could
be evaluated, the potential for lung injury assessed, and life saving treatment options,
for example lung recruitment manoeuvres, initiated. Especially intensive care patients
could greatly profit from an improved electrical impedance tomography technology

and continuous monitoring by EIT.

OBJECTIVE OF THE INVENTION

Therefore, it is an objective of the present invention to provide a device and a
method that is able to measure and compute reliable EIT difference images. It is anoth-
er objective to provide a device and method that allows to monitor lung function accu-
rately and in real time. Furthermore, it is an objective to create improved reference im-
ages and to improve utility and usability of EIT technology. Moreover, it is an objective

to improve regularization methods.
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SUMMARY OF THE INVENTION

Above objectives are achieved by providing and using spatial information in
order to create improved EIT images. Spatial information comprises data describing
body position and/or orientation, i.e. the spatial orientation of the body or a body part.
For example standard regularization methods are extended by integrating spatial in-
formation, i.e. information about orientation and position of a body part, such as e.g.

the thorax, during EIT analysis.

In detail, above objectives are achieved with an inventive sensor device, an in-

ventive EIT imaging instrument and an EIT imaging method.

The inventive sensor device for EIT imaging, comprising an electrode array for
measuring an impedance distribution, is characterized in that at least one sensor for
gathering spatial information (i.e. for determining spatial orientation of a test person) is
coupled to the electrode array. The spatial information comprises information about
the orientation and/or position of the sensor. The sensor may for example be affixed at
the electrode array itself or may be positioned in a defined relation with respect to the
electrode array and therefore with respect to a body part which is tested. Consequent-
ly, the spatial information comprises information about the orientation and/or position
of a test subject (test person), notably the body part tested. Advantageously in practice
said spatial information describes the spatial orientation and/or position of the elec-
trode array, which is affixed to a test subject. Data of the position and/or orientation of
the sensor can be transformed into data defining the orientation of the body part tested
with respect to the gravitational vector, i.e. with respect to the direction of the gravity
vector. Thus, e.g. when impedance of the thorax (or another body part) is measured,
the spatial information gathered describes the orientation of the thorax, and thus of the
lungs (or said other body part), with regard to the gravitational force. Spatial informa-
tion about orientation and position of a test person, in particular of an electrical imped-
ance tested body part, is prerequisite for adjusting impedance distribution measure-
ment data with regard to gravitational influences. Preferably, at least one sensor for
determining spatial orientation of a test subject is coupled to the electrode array. Here-
by, for example, the spatial orientation of the test subject is determined in relation to

the direction of the gravity vector.
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The additional spatial information described is highly useful to create clinically
usable images and movies. A device that is able to provide reliable EIT difference im-
ages depending on body position has not been described previously.

Advantageously the at least one sensor for determining spatial orientation of a
test person comprises a spatial data sensor, such as a three-dimensional acceleration
sensor, which is also called tri-axial acceleration sensor or gravity sensor. This sensor is
used to determine the position or orientation, advantageously, with respect to the grav-
ity vector. A simple acceleration sensor, such as e.g. a mono-axial acceleration sensor,
which is able to detect movements only, but which is not able to measure position or

orientation, does not suffice for the mentioned purpose.

Conveniently the electrode array forms an array of electrodes which define an

observation area within an observation plane.

Advantageously the electrodes of the electrode array are arranged in and/or on
a belt-like structure. This allows quick and easy handling of the electrodes and easy
positioning and fitting of the electrodes onto body parts. When the sensor for deter-
mining spatial orientation of a test person is integrated into or fixed to said belt-like
structure, handling, positioning and fitting of the sensor device becomes particularly
easy. Preferably the electrode array, in particular the belt-like structure, is elastic, e.g.
comprises elastic components. The elastic array or belt-like structure is stretchable at
least in its longitudinal extension. The feature of elasticity of the array or belt-like struc-
ture allows a tight fitting of the electrode array on the body and at the same time the
movement of body parts, such as e.g. the respiratory movement of the chest, is not con-
strained by the array or belt-like structure. During respiration the elastic array or belt-

like structure dilates and shortens in length rhythmically.

Advantageously at least one sensor for gathering information on electrical ac-
tivity is coupled to the electrode array. Electrical activity is most notably induced by
the movements of the heart, i.e. by activity of the heart. Thus, this sensor allows to col-

lect information relating to the activity of the heart.

Conveniently the at least one sensor for gathering information on electrical ac-
tivity comprises an electro-cardiography sensor, which preferably is connectable to an

electrocardiograph.
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Advantageously at least one sensor for gathering information on acoustic activi-
ty is coupled to the electrode array. Acoustic activity is most notably induced by the
contraction of the heart and the opening and closing of its valves, i.e. by activity of the

heart. Thus, this sensor allows to collect information relating to the activity of the heart.

Conveniently the at least one sensor for gathering information on acoustic activ-
ity comprises a microphone or phonocardiography sensor, which preferably is con-

nectable to a phonocardiograph.

Advantageously at least one sensor for gathering information on changes in the
circumference or the dilation of the electrode array during inspiration is integrated in
or attached to the electrode array. This sensor allows to collect data relating to the

breathing activity of a test person.

Conveniently the at least one sensor for gathering information on dilation com-
prises a strain gauge. Preferably the sensor for gathering information on dilation de-
tects the dilation of a body part, in particular of the chest, during respiration. When
using an array of electrodes in or on a belt-like structure, said sensor may detect
changes of the circumference of a body part. Advantageously a strain gauge integrated
or attached to the belt-like structure is used to collect data on the dilation of the belt-

like structure and, therefore, on the changes of the circumference of a body part.

The inventive EIT imaging instrument is connectable to a sensor for determin-
ing spatial orientation of a test person and, optionally, in addition the inventive EIT
imaging instrument is connectable to a sensor for gathering information on electrical
and/ or acoustic activity and/or a sensor for gathering information on dilation. Accord-
ing to the invention said EIT imaging instrument is characterized in that a computing
device is connected thereto or integrated therein for the purpose of adjusting imped-
ance data based on spatial data (i.e. spatial orientation data) and optionally in addition
based on dilation data and/or electrical and/or activity data. The spatial data advan-
tageously describe the spatial orientation of a test subject (e.g. by detecting the orienta-
tion of the sensor for determining spatial orientation of a test person, more particularly
by detecting the orientation of the electrode array coupled to said sensor). Advanta-
geously the mentioned spatial data describe spatial orientation in respect of the direc-

tion of the gravity vector. The computing device comprises a program routine for ana-
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lyzing said spatial data and adjusting the impedance data. Advantageously the compu-
ting device correlates the spatial data with simultaneously (i.e. near-simultaneously)
measured impedance data. The computing device uses microprocessor and memory
generally available and usually already comprised in a standard EIT imaging instru-
ment. An EIT imaging instrument with integrated functionality to measure and ana-
lyze spatial information is more versatile than state of the art EIT imaging instruments.
Furthermore, due to the integration of the new functionality, the inventive EIT imaging

instrument will be easy to operate.

The inventive EIT imaging method for measuring an impedance distribution
and adjusting the measured impedance distribution comprises the steps of (i) measur-
ing impedance distribution by using an impedance distribution measuring device
comprising an electrode array and (ii) transforming the measured impedance distribu-
tion into EIT images. According to the invention said EIT imaging method is characte-
rized in that values of the measured impedance distribution are adjusted, e.g. en-
hanced and/or modified, for gravitational influences. In more detail said EIT imaging
method is characterized in that the spatial orientation of a test subject is determined
(notably by measuring the spatial orientation of the electrode array) and in that values
of the measured impedance distribution are adjusted based on said spatial orientation
in order to account for gravitational influences. Adjustment according to gravitational
influences may be effected in that values of the measured impedance distribution are
enhanced and/or modified for gravitational influences. The described adjustment for
gravitational influences allows to create visually enhanced and thus clinically more
meaningful images and movies. The spatial orientation of the electrode array is linked
to orientation and/ or position of a tested body part. Advantageously the electrode ar-
ray is in contact with the skin of a test subject and preferably affixed on a body part to
be tested.

Advantageously such visualization of gravitational influences is based on a de-
termination of the spatial orientation of the impedance distribution measuring device,
in particular the spatial orientation of the electrode array. Since the electrode array is
attached to the body of a test person, the orientation of the electrode array is linked to
or rather depends on the position of the test person and in particular to the position of

the body part tested. By detecting the orientation of the impedance distribution mea-
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suring device, in particular of the electrode array, during the measurement of the im-
pedance distribution, adjustment according to gravitational influences becomes possi-
ble. The spatial information, for example based on body position and orientation, al-
lows to compute clinically usable images and movies. The new method permits near-
real time computation and enables immediate diagnosis and life saving treatment if

necessary.

Preferably a gravity vector is used to describe the spatial orientation of the elec-
trode array and therefore of the test person. Thus, the spatial orientation of the test
subject or the electrode array is measured with respect to the direction of the gravity

vector.

Preferably, the spatial orientation of a test subject, in particular e.g. the gravity

vector, is measured during the measurement of the impedance distribution.

More preferably, the spatial orientation of a test subject, in particular e.g. the

gravity vector, is measured near-simultaneously with the impedance distribution.

Advantageously, values of the impedance distribution and of the spatial orien-
tation of a test subject, in particular e.g. values of the gravity vector, are measured
within 1 second, preferably within 500 milliseconds, more preferably within 100 milli-
seconds, and most preferably within 10 milliseconds. For a successful adjustment, the
delay between the measurement of the spatial information on orientation, e.g. the grav-
ity vector, and the measurement of the impedance distribution should not be more

than a few milliseconds.

Advantageously, the impedance distribution measuring device comprises at
least an electrode array; preferably said electrode array is arranged in a belt-like struc-

ture.

Advantageously, the measured impedance distribution is additionally synchro-

nized with the electrical activity of the heart.

Preferably, information on electrical activity is measured using an electro-

cardiography sensor.

Advantageously, the measured impedance distribution is additionally synchro-

nized with the acoustic activity of the heart.



10

16

20

WO 2012/045188 PCT/CH2011/000236

11

Preferably, information on acoustic activity is measured using a microphone or

more preferably a phonocardiography sensor.

Advantageously, the measured impedance distribution is additionally adjusted
according to changes in the circumference or dilation of an observation area, i.e. of the
observed body part, whereby the observation area is e.g. defined by the electrode ar-
ray. More specifically, the position of the electrode array on a body part defines an ob-

servation area.

Preferably, information on changes in circumference or dilation is measured us-
ing a strain gauge. The strain gauge is e.g. arranged on the impedance distribution
measuring device, i.e. on a belt-like electrode array. The detected changes in the cir-
cumference or dilation of the impedance distribution measuring device when arranged
around a body part (e.g. the chest of a test person) allows to document temporal
changes in the circumference of the chest due to breathing activity. Information on
chest movement may alternatively be measured using an acceleration sensor. For mea-
suring movement e.g. a simple mono-axial acceleration sensor is sufficient. However, if
e.g. a tri-axial acceleration sensor is used, data relating to movement and orientation

may be detected with the same sensor.

BRIEF DESCRIPTION OF THE DRAWINGS:

The invention is hereinafter described with reference to the figures. They show in
Figure 1: a test person in random spatial position;

Figure 2: a thoracic cut of a test person in three different orientations with
respect to the gravity vector, (a) supine position, (b) back leaning
position, (c) upright position, and position-dependent zone distri-

bution;

Figure 3: a thoracic cut of a test person in two different positions with re-
spect to the gravity vector, (a) full supine position, (b) laterally

turned supine position, and position-dependent zone distribution;

Figure 4: definition of u-h axis system and u’-h’ axis system based on the
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spatial orientation of the observation plane with respect to the
gravity vector. Examples of filters are shown on the right-hand side

of the picture;
Figure 5: a measured and respective filtered strain gauge signal;

Figure 6: scheme of formation of a pixelized impulse image for one single

node of a mesh;

Figure 7: scheme of formation of matrix P;
Figure 8: scheme of a filtering process in a spatial frequency domain;
Figure 9: scheme of formation of matrix R.

DETAILED DESCRIPTION OF THE INVENTION

While this invention is susceptible of embodiments in many different forms,
preferred embodiments of the invention are shown in the drawings and will herein be
described in detail, with the understanding that the present disclosure is to be consi-
dered as an exemplification of the principles of the invention and is not intended to

limit the broad aspects of the invention to the embodiments illustrated.

As known in the art, EIT data is obtained by a plurality of electrodes that are
placed around the chest of a test person 11, e.g. as depicted in Figure 1. In the present
invention, the electrodes are preferably mounted on a belt-like structure 13 which
holds them in a geometrically defined position relative to a body part of a test person
11. In practice an observation plane 15 may be selected by placing a belt-like structure
13 assembled with an array of multiple electrodes around a body part. The exact ar-
rangement of electrodes is not important for the present invention. A preferred ar-
rangement as shown in Figure 1 is such that the positions of the electrodes define an
observation plane 15 (also called electrode plane), for example around the circumfer-
ence of the chest of a test person 11. In this arrangement the observation plane 15, as
e.g. defined by the EIT belt 13, is perpendicular to the main cranio-caudal body axis 17
(anteroposterior axis or saggital axis of the trunk). Angle a (alpha) is defined by the
position of the body axis with respect to the gravity vector g. Thus, a is the angle be-

tween the main body axis 17 and the gravity vector g. The vector g can be decomposed
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into two components with one of these components (g.) lying in a plane that is perpen-
dicular to the body axis, for example the observation plane defined by the EIT belt, as
shown in Figure 1.

A first pair of electrodes is used, as known in the art, to inject current or apply a
voltage (excitation signals) to establish an electrical field. The voltages or currents re-
sulting from the application of the excitation signal are subsequently measured at each
remaining electrode. The excitation signal is then moved to a next pair of electrodes
and the measuring sequence is repeated. In an arrangement of 32 electrodes, for exam-
ple, 32x32 measurements result per measurement loop. The measurements of each loop
are sometimes called “scan frame” or “EIT data vector”.

According to present invention, spatial information on the orientation of a test
person is gathered in addition to information about said established electrical field. For
example a three-dimensional acceleration sensor (for example a Bosch BMA150 sensor
Integrated Circuit) is mechanically coupled with the belt in order to enable the meas-
urement of spatial information and electrical field information simultaneously. The
acceleration sensor measures the gravity vector. Implicitly, the angle (i.e. angle a in
Figure 1) between the gravity vector g and the electrode plane 15 is measured since
acceleration sensor and belt are mechanically coupled. The regularization, for example
by means of a spatial filter F (see example below), is thereafter optimized to give
weight to solutions that show homogeneity in the horizontal plane perpendicular to
the gravity vector component g.. The weight, herein referred to as k, is also a function
of the angle a of the gravity vector relative to the observation plane and user-defined
factors c and d which determine the desired contrast. In a preferred embodiment, the
relationship between k and a is a sine function.

Thus the relationship between the angle a, the weight k and the factors c and d
can be expressed by the following equation. Hereby a is the angle between the body

axis and the gravitation vector g (the definition of a is depicted in Figures 1 and 2):

k=cx*y(a)+d,
where y could be a linear function of a or a sine function of a to allow for

smooth transitions.
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Preferably the acceleration sensor is mechanically connected to the belt-like
structure 13 which contains the electrodes. It measures the orientation of the sensor belt
relative to the gravity vector g, preferably as an angle a in space in degrees or radians.

In Figure 2, thoracic cuts are shown in different orientations with respect to the
gravity vector g. Within the thorax 21, the two lungs 23 and 25 are located on the right
and left sides. For illustration, where applicable the zones of a 3-zone model (as intro-
duced above) are shown in three different shades in each lung. According to the model
the zones extend usually in layers that are perpendicular to the gravitational vector.
The first zone 31 is marked in light gray, the second zone 32 in gray, and the third zone
33 in dark gray. According to the model the aeration of the alveoli is reduced in zone 2
and further reduced or even absent in zone 3 due to collapse of alveoli. If the gravita-
tional vector is within (i.e. parallel to) the observation plane, then the zones 1, 2 and 3
are maximally expressed (Figure 2a). In other words, the three zones are clearly distin-
guishable if the gravitational vector g is perpendicular to the main body axis 17. Figure
2a shows this situation by means of the supine position, where the main body axis
(shown as black dot in white circle) is perpendicular to the drawing plane. If the body
is inclined, the gravitational vector moves outside the observation plane and the zones
become much less pronounced (Figure 2b). In the upright position (Figure 2c), the an-
gle o is about zero and the zones disappear almost completely. From Figures 2a to 2c,
the zone expression becomes weaker as the observation plane is inclined further rela-
tive to the gravitational vector.

If the gravitational vector g is within the observation plane 15, then the zones of
a three-zone model are maximally expressed, as shown in Figure 2a. The zones remain
also expressed - although to a lesser extent - for any body positioning, where the gravi-
tational vector g is outside the observation plane, i.e. where a is different from 90 de-
grees (Figures 2a and 2b), because there is always a component g, of the gravitational
vector g within the observation plane, except when a equals zero (o =0). With decreas-
ing angle o, starting from 90 degrees, the zones become less pronounced and disappear
completely at about 0 degree (Figure 2c). Typically, this relationship is expressed as a
sine function. However, other functions may be used instead.

In upright patients (Figure 2c), the gravitational vector follows the body axis of

a person and zones 1 to 3 follow from the tip of the lungs (apex) to the diaphragm. In
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this position, the zones 1 to 3 will not manifest themselves on the cross-sectional EIT
image. If the patient is in supine position, zone 3 is located on the back (dependent re-
gion) while zone 1 is located towards the chest (independent region). In supine posi-
tion (Figure 2a), the zones 1 to 3 are within the plane of observation and thus impact
the EIT images. If a patient is positioned in the prone position, the zones 1 to 3 are still
in the plane of observation but in reversed order.

Above depicted body positions include all positions from supine to upright po-
sition. However, positions where the body is turned or twisted sideways are not con-
sidered yet. Turned body positions may be described by the dorsoventral axis 19 pene-
trating the plane defined by the main body axis 17 and the gravity vector g. The
dorsoventral axis 19 is defined to be perpendicular to the main body axis 17 (as illus-
trated in Figure 1). Turned positions may be relevant or important even when doing
short examinations, since the patient may be advised to take a certain position during
the EIT measurement. Therefore, a maximum of possible positions should be ac-
counted for, including but not limited to sideways turned positions.

In Figures 3a and 3b is shown the zone distribution of a thorax in varied lying
positions. In said Figures, the zone distribution of a thorax in neutral supine position
(Figure 3a) is compared with the zone distribution of a thorax in sideways turned su-
pine position (Figure 3b). In sideways turned supine position, according to Figure 3b,
angle B is defined by the position of the dorsoventral axis 19 with respect to the gravity
vector g. As depicted above and in Figure 1c, in lying position gravity vector g equals
to gravity vector component g.. Thus in general, in lying position, e.g. in supine or in
sideways turned supine position, B is the angle between the dorsoventral saggital axis
and the gravity vector component g.. Also when the test person takes a position be-
tween supine position and upright position and is additionally turned to one side, B is
the angle between the dorsoventral axis 19 and the gravity vector component g.. The
dependency of the zone formation on the rotation around the longitudinal axis 17 of
the patient is reflected in an asymmetry of the zone distribution in the two lungs. The
zones are stacked in layers that are perpendicular to the gravitational vector g. If the
body is turned to one side by the angle B, the zones still follow gravity as shown in
Figure 3b. In this example, the angle a of the gravity vector g relative to the body axis

remains unchanged at 90 degrees. In other words, the gravitational vector lies within



10

15

20

25

30

WO 2012/045188 PCT/CH2011/000236

16

the observation plane and the zones are maximally expressed. In the sideways turned
position, the mechanically ventilated lung situated lower (i.e. the right lung in Figure

3b) may experience extensive aeration reduction, while the other lung (i.e. left lung) is
affected barely.

In Figure 4, left side, various positions of the patient (schematic of the thorax)
are depicted with respect to the gravitational vector g. On the right side are shown re-
spective angles a and f by which the two coordinate systems u/h and u'/h' are related
to each other. Both coordinate systems have the same point of origin. Again,

a represents the angle between the main body axis 17 and the gravity vector g, and B,
represents the angle between the dorsoventral axis 19 and the gravity vector compo-
nent gc. In the orientations given in the first three positions of Figure 4, gravitational
vector component g. equals gravitational vector (g = g) and angle B defines the rota-
tion angle between the u/h axis system and the u’/h’ axis system. In the bottom exam-
ple (upright position), angle B is not defined (g. = 0), but it does not matter since there
is hardly any zone expression. Vectors w.' and on' result from the respective rotation of
the u'/h' axis system versus the u/h axis system and define a rotated variant of the

spatial filtering (see below).

In further embodiments the invention combines spatial sensor data (which are
preferably measured with a tri-axial acceleration sensor, for determining the orienta-
tion) and temporal sensor data (which are for example measured with a dilation sen-
sor, a further acceleration sensor and/ or an electrical and/ or acoustic activity sensor)
to improve the images and related information obtained by EIT.

In one embodiment, the excursion (i.e. dilation or expansion) of the belt-like
structure, or parts of the belt-like structure is measured, for example by a strain gauge.
A signal processor calculates the deviation from a local minimum and subsequently
projects the onset of inhalation back in time. The data vector that was measured at that
back-projected point in time is taken as the “breath reference vector”. Since this proce-
dure involves a certain delay in image processing, the goal of implementation is to find
the balance between accuracy and timing. Since breathing in adults is done at frequen-
cies well above three breaths per minute and well below 50 breaths per minute, a delay

of a few hundred milliseconds can be tolerated and should be sufficient to reliably
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generate the reference point in time. In fact, pulmonary function testing often relies on
a test called “occlusion test” to measure the respiratory drive of a patient. Such a test is
done in 100 milliseconds in adults and in children. Finally, the “breath reference vec-
tor” is subtracted from each EIT data vector, making visible impedance changes that
are caused by breathing activities and ventilation.

In its preferred embodiment, the dilation sensor (also called breath sensor) is
measuring the force on the belt-like structure by means of a strain-gauge and the body
position by means of a 3D acceleration sensor. The user may input two parameters ¢
and d to adjust the image with respect to zones 1, 2, and 3.

As the patient inhales or a ventilator delivers a breath to the patient, the belt-
like structure expands and the strain-gauge measures this expansion. The sensor signal
is converted to digital format, typically at 50 to 100 samples per second, and preferably
analyzed digitally. Analysis may include a simple low-pass filter and subsequent de-
termination of minimal force. Alternatively, analysis may be done as in Figure 5, illus-
trating the analysis of a strain gauge signal to find the EIT reference vector in presence
of significant signal drift. Arbitrary units of a strain gauge (solid line) and its derivative
(for example high-pass filter at RC = 0.1 sec, dotted line) are plotted during breathing
while the lung volume is being continuously changed. The local minimum of the strain
gauge (solid arrows) is around 0.1 second before every zero crossing of its high-pass
filtered derivative (dotted arrows).

The sensor data, typically from a strain gauge, is first filtered by a low-pass fil-
ter with a cut-off frequency of 20 Hz. Thereafter, a high-pass filter is employed with a
cut-off frequency of 0.1 Hz. If the so filtered curve crosses the zero-line going from low
force to high force (dotted arrows), the chest is starting to expand and thus this point is
taken as “start of inhalation”. The EIT data vector measured at this point in time, or a
predefined lead time earlier, typically one time constant of the high-pass filter earlier,
is taken as the reference vector for subsequent differential EIT imaging. This procedure
will introduce a slight delay in the image sequence which, however, is clinically irrele-
vant.

Alternatively, the breathing activity is measured by a second acceleration sen-
sor (e.g. replacing above mentioned strain gauge sensor). Since the chest is moving

with every breath, the second acceleration sensor can sense this movement and turn it
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into a signal that can be used to indicate the onset of inhalation and to determine the
reference vector as described above.

Further alternatively, the same acceleration sensor measures both, the breathing
activity and the direction (i.e. orientation) of the gravity vector relative to the observa-
tion plane. For this purpose a 3D acceleration sensor may be used.

In another embodiment, the temporal data sensor is an electrical activity sensor,
for example a sensor as used in electrocardiography (ECG), i.e. an electrocardiography
sensor. Such a sensor can.be used to create reference images related to the onset of the
heart contraction thereby creating a “heart reference data vector”. Thereafter, the
“heart reference data vector” is subtracted from each EIT data, making visible imped-
ance changes that are caused by heart activity.

In another embodiment, the temporal data sensor is an acoustic activity sensor
or microphone, for example a sensor as used in phonocardiography (PCG), i.e. a
phonocardiography sensor. Such a sensor can be used to create reference images re-
lated to the onset of the heart contraction thereby creating a “heart reference data vec-
tor”. Thereafter, the “heart reference data vector” is subtracted from each EIT data,
making visible impedance changes that are caused by heart activity.

In another embodiment, at least two temporal data sensors are combined with a
spatial data sensor. For example, an electrical or acoustic activity sensor, e.g. a sensor
as used in electrocardiography or phonocardiography, respectively, and a dilation sen-
sor, e.g. a strain gauge sensor, are combined with a 3-D acceleration sensor (spatial
data sensor). This allows to measure orientation of the observation plane with respect
to the gravity and at the same time dilation of the electrode belt due to breathing and

electrical activity due to cardiac activity.

DESCRIPTION OF USE OF THE INVENTION

The present invention can be used to enhance the image quality of EIT devices
in stand-alone monitors and in mechanical ventilators and anaesthesia machines. Such
improvement can be done by either creating the enhanced images or by plotting the
gravity vector directly on the image, or automatically rotating the image with respect
to the gravitational vector thereby providing orientation to the user. A particular use of

such improved EIT images is to initiate specific therapies such as recruitment manoeu-
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vres, physiotherapy, or changes in posture and to measure the effectiveness of the
therapeutic interventions.

A typical application of the sensor device for EIT imaging, the EIT imaging in-
strument and EIT imaging method according to present invention is in mechanically
ventilated intensive care patients. About 15% of these patients suffer from acute lung
injury and more than 30% of these die. It is estimated that about half of these patients
could be saved by adequate treatment. Such treatment involves lung recruitment to
effectively minimize zones 2 and 3. However, lung recruitment manoeuvres entail
risks. Clinicians therefore often use lung recruitments only when lung damage has al-
ready become obvious. Unfortunately, this is often too late. With the disclosed inven-
tion, a care provider would have the means to judge the need and the success of lung
recruitment manoeuvres early in disease, save lives, and reduce cost of care.

In another use, the context sensitive EIT can be used to optimize the body posi-

tion of a patient with respect to lung function.

EXAMPLE

Below is depicted an example for reconstructing an EIT image by using the fi-
nite element method and adjusting raw EIT data with respect to position and orienta-
tion of the patient according to present invention.

The reconstruction problem is solved using the finite-element method (FEM).
The FEM uses a mesh of triangular elements, defined by nodes, to discretize the space
or surface of interest. Then the physics of the problem is applied to the mesh and the
problem is solved using given boundary conditions.

Doing this for EIT, one gets

Y(o)*V=C,
where Y is the conductance matrix, depending on the conductivity o, V is a set of vol-
tage distribution and C is a set of applied currents.

Given that one can only measure the voltage at the medium’s boundary at giv-
en locations (i.e. at the electrodes) the operator D is introduced. It returns a vector v of
voltage measurements corresponding to a given system and scanning pattern,

v =D(V)=D(Y1* C).

The above equation is then linearized with respect to o using Taylor expansion,
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Av=S Ao,

ov
o Go,

where S is the sensitivity matrix
Acis o- op,
and Av is v - vo.

For a given change in the measurements Av, we thus obtain a change in con-
ductivity Ac. In the image reconstruction process, the idea is to find the change in con-
ductivity Ao from a given change in the measurements Av.

To compute Ao one has to invert the matrix S. This operation is in general non-
trivial and cannot be performed using the classical inverse of a matrix. This category of
problem is known in the literature as inverse ill-posed problems. This means that the
problem has more unknowns than equations. A way to calculate solutions, despite the
ill-posed nature, is to use a regularization technique which implies that some assump-
tions are made about the medium of interest. The idea in EIT is essentially to find a
least-square solution Ao of the problem (||SAc — Av||?). Since the problem is ill-posed, a
regularization term is added yielding the following cost function (see, for example,
Adler A, Guardo R, Electrical impedance tomography: regularised imaging and con-
trast detection, IEEE Trans Med Imaging, 1996, 15 170-9):

® = 2||SAc - Av||? + 2 |IFal), )
where A is the weighting term of the regularization term and F is a spatial high-pass
filter matrix.

One can note that the use of the Euclidian norm (squared) is not mandatory;
another norm can also be used.

In the art (Adler and Guardo, 1996), Fieq can be modeled as a high-pass Gaus-
sian spatial filter of the form:

Frreq(u,h) = 1 — e~ @@ +h%),

where wj is the cutoff frequency, and u, h variables are the ordinate, abscissa
directions in spatial frequency space, respectively (Figure 4). The application of this
filter results in an image with filtered high spatial frequencies, i.e. a smoother image. It
is possible to extend the same idea in order to filter more or less the high frequencies in

a preferred direction:

Ffreq(u, h)=1- e'(wﬁ/u'2+wﬁ,h’2),
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where u’' = ucos(B) — hsin(f) and h’' = usin(B) + h cos(B) are the axis direc-
tion rotated by an angle f8 (see figure 4) around (u, hy) = (0,0). The new cutoff fre-
quencies are w,’ and w,’ linked to the u” and h’ axis respectively.

The way to calculate F is given in the following paragraph. First of all it is im-
portant to note that F as given in equation (]) is the filter for the finite-element mesh
space, so that in order to calculate F the following workflow is used:

Figure 6 depicts schematically the process used to form the pixelized impulse
image for one single node of a mesh. For each mesh node, an impulse image is generat-
ed. In other words, for each node, one creates a new mesh where all the node values
are set to zero except for the considered node, which is set to one. Then, the meshes
obtained are pixilized using a sufficiently fine grid; during this process the impulse
images of the meshes are linearly interpolated on their corresponding pixel grids be-
tween nodes.

Figure 7 depicts the formation of the matrix P. Each image is transformed into a
column vector, and all image column vectors are then appended to form a matrix P.
This matrix P will be used later on.

Figure 8 depicts the filtering process in the spatial frequency domain. At this
stage, one also applies a 2D-FFT (two-dimensional Fast Fourier Transform) on the im-
pulse images to go into the spatial frequency domain. The filter Fy,,, is applied and a
2D-IFFT (two-dimensional Inverse Fast Fourier Transform) is performed to go back
into the spatial domain. One thus obtains a set of impulse response images.

Figure 9 depicts the formation of matrix R. Each impulse response image is
transformed into a column vector, and all image column vectors are appended to form
a matrix R.

The spatial-domain filter matrix F is obtained from the following expression:

PF =R.
One uses the pseudo-inverse to extract the matrix F:

F = [PTP]'PTR
The ratio % =c* y(a)+d (for example, y(at) = sin(a), d=c=1) is one of the
h’

main filter parameter and is in direct relationship with the angle a.
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The invention proposes a sine function for the gamma function but it is unders-
tood that any other function could be used. For example, y(a) = a0/ 90, d=1, c=0, where
a is between 0 and 90 degrees, could be used. The gamma function could also be a ma-
thematical model that represents the physiological zones (1 to 3) expression described
above. The same notice is also valid for the F function, because other spatial filtering

shapes could be used, for example a rectangle or an ellipse.

While the invention has been described above with reference to specific em-
bodiments and examples thereof, it is apparent that many changes, modifications, and
variations can be made without departing from their inventive concept disclosed
herein. Accordingly, it is intended to embrace all such changes, modifications and

variations that fall within the spirit and broad scope of the appended claims.
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KEYS:

11 test person;

13 belt-like structure;

15 observation plane;

17 main body axis (also called longitudinal axis or antero-posterior
axis);

19 body axis from belly to back (also called dorso-ventral axis);

21 thorax;

23 right lung;

25 left lung;

31 zone 1;

32 zZone 2;

33 zone 3.
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1.  Sensor device for EIT imaging comprising

an electrode array for measuring an impedance distribution,
characterized in that
at least one sensor for determining the spatial orientation of a test person is

coupled to the electrode array.

Sensor device according to the preceding claim, characterized in that the sensor
for determining the spatial orientation determines said spatial orientation with

respect to the direction of the gravity vector.

Sensor device as defined in any one of the preceding claims, characterized in that
the at least one sensor for determining the spatial orientation comprises a three-

dimensional acceleration sensor.

Sensor device as defined in any one of the preceding claims, characterized in that

the electrodes of the electrode array are arranged on a belt-like structure (13).

Sensor device as defined in any one of the preceding claims, characterized in that
at least one sensor for gathering information on electrical activity is coupled to

the electrode array.

Sensor device as defined in preceding claim 5, characterized in that the at least
one sensor for gathering information on electrical activity comprises an electro-

cardiography sensor.

Sensor device as defined in any one of the preceding claims, characterized in that
at least one sensor for gathering information on acoustic activity is coupled to the

electrode array.
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Sensor device as defined in preceding claim 7, characterized in that the at least
one sensor for gathering information on acoustic activity comprises a micro-

phone or phonocardiography sensor.

Sensor device as defined in any one of the preceding claims, characterized in that
at least one sensor for gathering information on changes in dilation of the elec-

trode array is integrated in or attached to the electrode array.

Sensor device as defined in preceding claim 9, characterized in that the at least
one sensor for gathering information on changes in the dilation comprises a

strain gauge.

EIT imaging instrument connectable to a sensor for determining the spatial
orientation of a test person, and optionally in addition connectable to a sensor for
gathering information on electrical and/ or acoustic activity and/or a sensor for
gathering information on dilation,

characterized in that a computing device is connected or integrated for adjusting
impedance data based on spatial data, which spatial data describe the spatial

orientation of a test subject.

EIT imaging instrument according to the preceding claim characterized in that
said spatial data describe the spatial orientation of a test subject with respect to

the direction of the gravity vector.

EIT imaging instrument according to any one of the preceding claims 11 and 12
characterized in that a computing device is connected or integrated for adjusting
impedance data based on dilation data, acoustic activity data and/or electrical

activity data.

EIT imaging method for measuring an impedance distribution and adjusting

said measured impedance distribution comprising the steps of
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- measuring impedance distribution by using an impedance distribution measur-
ing device comprising an electrode array, and

- transforming the measured impedance distribution into EIT images,
characterized in that

- the spatial orientation of a test subject is determined, and

- values of the measured impedance distribution are adjusted according to said

spatial orientation in order to account for gravitational influences.

EIT imaging method as defined in the preceding claim 14, characterized in that
the spatial orientation of a test subject is determined by measurement of the spa-
tial orientation of the impedance distribution measuring device, in particular the
spatial orientation of a test subject is determined by measurement of the spatial

orientation of the electrode array.

EIT imaging method as defined in any one of the preceding claims 14-15, charac-
terized in that the spatial orientation of the test subject is determined with re-

spect to the direction of the gravity vector.

EIT imaging method as defined in any one of the preceding claims 14-16, charac-
terized in that the spatial orientation of a test subject is measured during the

measurement of the impedance distribution.

EIT imaging method as defined in any one of the preceding claims 14-17, charac-
terized in that the spatial orientation of a test subject is measured near-

simultaneously with the impedance distribution.

EIT imaging method as defined in any one of the preceding claims 14-18, charac-
terized in that values of the impedance distribution and the spatial orientation of
a test subject are measured within 1 second, preferably within 500 milliseconds,

more preferably within 100 milliseconds, and most preferably within 10 millise-
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conds.

EIT imaging method as defined in any one of the preceding claims 14-19, charac-
terized in that the electrodes of the electrode array are arranged in a belt-like

structure (13).

EIT imaging method as defined in any one of the preceding claims 14-20, charac-
terized in that the measured impedance distribution is additionally adjusted ac-

cording to electrical activity.

EIT imaging method as defined in preceding claim 21, characterized in that in-

formation on electrical activity is measured using an electro-cardiography sensor.

EIT imaging method as defined in any one of preceding claims 14-22, characte-
rized in that the measured impedance distribution is additionally adjusted ac-

cording to acoustic activity.

EIT imaging method as defined in preceding claim 23, characterized in that in-
formation on electrical activity is measured using a microphone or phonocardio-

graphy sensor.

EIT imaging method as defined in any one of the preceding claims 14-24, charac-
terized in that the measured impedance distribution is additionally adjusted ac-
cording to dilation of an observation area, preferably according to dilation of the

electrode array.

EIT imaging method as defined in any one of the preceding claims 14-25, charac-

terized in that information on dilation is measured using a strain gauge.



WO 2012/045188 PCT/CH2011/000236
1/9

Fig. 1



WO 2012/045188 PCT/CH2011/000236

2/9




WO 2012/045188 PCT/CH2011/000236
3/9

Fig.3



WO 2012/045188 PCT/CH2011/000236
4/9

g
a =90°
B =0
v
g
, a = 90°
u
B =90°
g
a = 90°
B = 45°
®
h, b’ o = 0°
f=na

Fig. 4



Strain Gauge, arbitrary units

WO 2012/045188 PCT/CH2011/000236
5/9

- StrainGauge |
o , - - - HP filtered ‘}

>

'
‘ '
20 ! :
\ H ‘
10 i A : J. - !
‘ \\ ' - ' prone ' LAY !
0 , f;. _. - ,'r‘:' ,.,:“A\ o ;o‘f ,,,SL\,__,,,_ '.!',,' "_' - |
: "‘~~..-“" h“ﬂn’" PO ‘
|
.10 © 1 2 3 4 5 6

i
Time in seconds ‘
|

Fig. 5



WO 2012/045188 PCT/CH2011/000236
6/9

Y
7
\ Seis
7 5
/ .
Vi _ A 1N

EEn :

V4

5 7

Fig. 6



WO 2012/045188

PCT/CH2011/000236
719
Each impulse N
image gives
<
> =4
x

J
e —_—~ e j
X pix ~— —
One impulse nodes
image

Fig.7



WO 2012/045188 PCT/CH2011/000236
8/9

EEREEAREE
21 I
e

# =

Impulse image

£2)
»
i
k& &
a EC O o b

Impulse response image

Fig. 8



WO 2012/045188 PCT/CH2011/000236
9/9

Each impulse \
response image
gives
=) >
- > *
= Pa
©
)
N A
~ )
Xpix ~— -
One impulse nodes

response image

Fig. 9



INTERNATIONAL SEARCH REPORT

International application No

PCT/CH2011/000236

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/053
ADD. A61B5/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2009/042637 A2 (UNIV OREGON HEALTH & 1,4-10
SCIENCE [US]; SONG XUBO [US]; FUSS MARTIN
[US]; E) 2 April 2009 (2009-04-02)

A paragraphs [0052], [0054], [0055] 2,3,
11-26
A DE 103 01 202 B3 (DRAEGER MEDICAL AG [DE]) 11-26

22 January 2004 (2004-01-22)
the whole document

A US 2004/236202 Al (BURTON STEVEN ANGELL 11-26
[US]) 25 November 2004 (2004-11-25)
the whole document

A US 2010/168589 Al (BANET MATT [US] ET AL) 11-26
1 July 2010 (2010-07-01)
the whole document

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . .

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

13 December 2011

Date of mailing of the international search report

22/12/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Anscombe, Marcel

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/CH2011/000236

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 2006/109072 A2 (HIDALGO LTD [GB];
PISANI JUSTIN [GB]; HOWARD PETER [GB];
CADE DANIEL [)

19 October 2006 (2006-10-19)

the whole document

BRUNNER ET AL: "Imaging of local Tlung
ventilation under different gravitational
conditions with electrical impedance
tomography",

ACTA ASTRONAUTICA, PERGAMON PRESS,
ELMSFORD, GB,

vol. 60, no. 4-7,

31 January 2007 (2007-01-31), pages
281-284, XP005877679,

ISSN: 0094-5765, DOI:
10.1016/J.ACTAASTR0.2006.08.016

the whole document

FRERICHS I ET AL: "Gravity-dependent
phenomena in Tung ventilation determined
by functional EIT",

PHYSIOLOGICAL MEASUREMENT, INSTITUTE OF
PHYSICS PUBLISHING, BRISTOL, GB,

vol. 17, no. 4A,

1 November 1996 (1996-11-01), pages
A149-A157, XP020073778,

ISSN: 0967-3334, DOI:
10.1088/0967-3334/17/4A/019

the whole document

WO 2009/035965 Al (CARDINAL HEALTH 207 INC
[US]; WEILER NORBERT [DE])

19 March 2009 (2009-03-19)

cited in the application

the whole document

paragraph [0024]

11-26

11-26

11-26

11-26

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/CH2011/000236
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2009042637 A2 02-04-2009 US 2010198101 Al 05-08-2010
WO 2009042637 A2 02-04-2009

DE 10301202 B3 22-01-2004  NONE

US 2004236202 Al 25-11-2004  NONE

US 2010168589 Al 01-07-2010  EP 2162059 Al 17-03-2010
US 2009018453 Al 15-01-2009
US 2010160794 Al 24-06-2010
US 2010160795 Al 24-06-2010
US 2010160796 Al 24-06-2010
US 2010160797 Al 24-06-2010
US 2010168589 Al 01-07-2010
WO 2008154643 Al 18-12-2008

WO 2006109072 A2 19-10-2006 AU 2006235722 Al 19-10-2006
CA 2650576 Al 19-10-2006
EP 1890589 A2 27-02-2008
JP 2009500047 A 08-01-2009
US 2010063365 Al 11-03-2010
WO 2006109072 A2 19-10-2006

WO 2009035965 Al 19-03-2009 AU 2008299098 Al 19-03-2009
CA 2699281 Al 19-03-2009
CN 101801265 A 11-08-2010
EP 2194863 Al 16-06-2010
JP 2010538748 A 16-12-2010
RU 2010114175 A 20-10-2011
US 2009118634 Al 07-05-2009
WO 2009035965 Al 19-03-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report

