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ELECTRIC IMPEDANCE TOMOGRAPHY
DEVICE AND METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority under
35 U.S.C. §119 of German Patent Application DE 10 2013
201 806.1 filed Feb. 5, 2013, and German Patent Application
DE 10 2013 213 534.3 filed Jul. 10, 2013, the entire contents
of each are incorporated herein by reference, and this appli-
cation is a continuation-in-part of application Ser. No.
13/943,271, filed Jul. 16, 2013.

FIELD OF THE INVENTION

[0002] The present invention pertains to an electric imped-
ance tomography device with a plurality of electrodes that can
be arranged about the chest of a patient, with a control and
analyzing unit, which is set up by programming (configured)
to supply at least one electrode pair as a feeding electrode pair
with an alternating current or with an alternating voltage, to
record a voltage signal or current signal as a measured signal
with a plurality of the remaining electrode pairs, and to let
other electrode pair of a plurality of electrode pairs act con-
secutively as the feeding electrode pair in order to reconstruct
from the measured signals with a reconstruction algorithm a
matrix of image elements, which represents the distribution
of the impedance changes in the electrode plane and to repeat-
edly record measured signals over time and to reconstruct
matrices.

BACKGROUND OF THE INVENTION

[0003] Such an electric impedance tomography device
(EIT device) is known, for example, from EP 1 000 580 A1,
which is used to record an “electric impedance tomogram” of
a chest cross section of a patient.

[0004] Electric impedance tomography is a method for the
reconstruction of impedance distributions, more precisely, of
impedance changes relative to a reference distribution, in
electrically conductive bodies. A plurality of electrodes are
arranged for this purpose on the surface of the body to be
examined. A ring-shaped, equidistant array of 16 electrodes,
which can be laid about the chest of a patient with a belt, is
used in typical cases. The control and analyzing unit also has
analog electric circuits for signal amplification and for feed-
ing alternating current and electronic circuits for digitizing
and preprocessing the voltage signals as well as a digital
signal processor for controlling the device and for processing
the recorded data to reconstruct the impedance distribution.
The control and analyzing unit ensures that always one pair
(preferably) of adjacent electrodes is supplied consecutively
with an electric alternating voltage (e.g., 5 mA at 50 kHz) and
that the electric voltages on a plurality of remaining elec-
trodes are detected by the control and analyzing unit (it is, in
principle, also possible, conversely, to feed an alternating
voltage to one electrode pair and to measure the alternating
currents over the remaining electrode pairs) the voltages of all
remaining pairs of adjacent electrodes are typically detected,
but it is also possible, in principle, to omit individual elec-
trodes, as a result of which information is, however, lost. The
impedance distribution, more precisely, the impedance
change relative to a reference distribution, can be recon-
structed with algorithms from the totality of all measured
signals during the consecutive current feeds, during which the
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feeding electrode pair migrates step by step about the elec-
trode ring. The prior-art algorithms yield as a result of the
reconstruction a matrix of 32x32 image elements, wherein
the matrix contains for each image element the reconstructed
impedance change for this image element. A plurality of such
matrices are recorded during each breath at preset time inter-
vals. These are displayed consecutively on a display, as a
result of which the changes in the impedance distribution over
time are made visible practically as a film.

[0005] Electric impedance tomography of the chest for
measuring the regional lung ventilation has been increasingly
used in research-focused intensive care. Theoretical models
and experimental comparisons of EIT with CT images of the
chest show a nearly complete proportionality of the air con-
tent in the lung tissue to the impedance thereof. The breaths
are resolved in space with about 20% of the chest diameter
and in time typically with about 20 to about 40 matrices per
second, which makes bedside monitoring of the regional lung
ventilation possible. The matrices are occasionally also called
images of the impedance distribution (with 32x32=1024
image elements) or frames.

[0006] The terms time series of impedance change values
and impedance change curves will hereinafter be used with
the same meaning, even though a time series consisting of
discrete dots is not a curve in the strict sense of the word. The
time series are also represented in the form of curves as
functions of time for reasons of representation in views as
well.

[0007] A mean impedance change for each matrix is
obtained by integration and standardization or averaging over
all image elements of the matrix. A time series of the mean
impedance change can thus be derived from the sequence of
matrices recorded consecutively. This represents the global
impedance change, contrary to the local impedance change of
the individual image elements. Based on the nearly complete
proportionality between tidal air volume change and imped-
ance change, the mean impedance change time series or
impedance change curve is closely correlated with the mea-
sured volume curve of a respirator respirating the patient, i.e.,
the impedance change curve agrees nearly completely, except
for a standardization, with the volume curve of respiration.
This is shown in FIG. 1, in which the volume curve 2 of the
respirator is compared with the impedance change curve 1,
which s standardized to the same integral. No deviation of the
volume curve 2 from the mean impedance change curve 1 is
recognizable over one breath.

[0008] If the lung function is homogeneous in space and
over time, it follows from this that the correlation of the time
series of the impedance changes of the individual image
elements of the matrices with the mean impedance change
curve and hence also with a possibly measured volume curve
of the respirator is very close. This is shown in FIG. 2, in
which the mean impedance change curve is shown over one
breath at the top and the impedance change curves of four
individual image elements 1, 2, 3 and 4, whose locations are
indicated in the upper EIT image, are shown under it. The
examples in FIG. 2 show that the correlations ¢ marked with
reference number 6 with the mean impedance change curve
equal 100% for all four image elements.

[0009] Weaker correlations are to be expected in case of
inhomogeneous ventilation over time, because the air flows at
different velocities into different areas of the lungs in this
case, but it remains valid in this case as well that, aside from
redistributions, the impedance essentially increases with
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increasing volume. The mean impedance change curves of
four image elements from a ventilated COPD lung (Chronic
Obstructive Pulmonary Disease) that is highly inhomoge-
neous over time are shown again in the top part of FIG. 3. The
correlations indicated for the four image elements are weaker
here and are between 78% and 98%.

[0010] However, there also are cases in which the local
characteristic over time does deviate from the mean or global
characteristic; the impedance may even decrease with
increasing volume in the extreme case. This is shown in FIG.
4, in which the mean impedance change curve is shown again
at the top and the impedance change curves of four individual
image elements are shown under it. The image elements 3 and
4 from the dorsal area of the lung show correlations of -95%
and -80%, 1.e., anticorrelations. This could be caused, on the
one hand, by a reconstruction artifact, which is called over-
shoot. However, this could also be due to actual physiological
effects, whose causes have not yet been fully elucidated.
Displacements of tissues due to motion of the diaphragm into
the electrode planes if the electrodes are placed too deep, or
even displacements of fluids in case of massive atelectases or
pleural effusions are assumed here. Regardless of the specific
causes, it would be desirable to make it possible to recognize
and mark image elements whose impedance change curves
deviate greatly from the mean impedance change curve.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to design an
electric impedance tomography device such that image ele-
ments whose local impedance change over time deviates sig-
nificantly from the mean impedance change curve can be
recognized and marked.

[0012] According to the invention, an EIT device is pro-
vided with a plurality of electrodes, which can be arranged
about the chest of a patient and with a control and analyzing
unit. The control and analyzing unit is configured (set up by
programming) to supply an electrode pair as a feeding elec-
trode pair with an alternating current or with an alternating
voltage, to record a voltage signal or current signal as a
measured signal from each electrode pair of all other elec-
trode pairs and to let each electrode pair of the plurality of
electrode pairs act consecutively as the feeding electrode pair
in order to reconstruct from the measured signals with a
reconstruction algorithm a matrix of image elements, which
represents the distribution of the impedance changes in the
electrode plane, and to repeatedly record measured signals
over time and to reconstruct matrices. The control and ana-
lyzing unit is configured, furthermore, to obtain a time series
of the impedance change from the sequence of reconstructed
matrices over at least one breath, to determine a time series of
the mean impedance change or a time series of a measured
respiration volume and to compare for each image element
the corresponding time series of the impedance change with
the time series of the mean impedance change or with the time
series of the measured respiration volume by calculating for
each image element a scalar value as an indicator of the
deviation of the time series of the impedance change of the
image element from the time series of the mean impedance
change or from the time series of the measured respiration
volume. The control and analyzing unit assesses and marks
the corresponding image element as being non-ventilated if
the indicator of the deviation meets a preset threshold value
criterion.

Aug.7,2014

[0013] According to another aspect of the invention, a
method is provided for recording a sequence of EIT images of
a cross-sectional plane of the chest of a patient. The method
comprises providing a control and analyzing unit connected
to a plurality of electrodes, arranging the plurality of elec-
trodes on the circumference of the chest of the patient,
wherein one electrode pair as a feeding electrode pair is
supplied with an alternating current or an alternating voltage,
a voltage signal or current signal is recorded as a measured
signal from each electrode pair of all other electrode pairs,
and each electrode pair of the plurality of electrode pairs is
operated consecutively as the feeding electrode pair. The
method uses the control and analyzing unit for reconstructing
amatrix of image elements, which represents the distribution
of the impedance changes in an electrode plane, from all the
measured signals with a reconstruction algorithm, recon-
structing matrices of the impedance change repeatedly over
time, obtaining a time series of the impedance change of the
image element from the sequence of the matrices recorded
over at least one breath for each image element and determin-
ing a time series of the mean impedance change or a time
series of a measured respiration volume is determined at the
same times as the time series of the image elements. The
control and analyzing unit compares a corresponding time
series of the impedance change, for each image element, with
the time series of the mean impedance change or with the time
series of the measured respiration volume by calculating for
each image element a scalar value as an indicator of the
deviation of the time series of the impedance change of the
image element from the time series of the mean impedance
change or of the time series of the measured respiration vol-
ume. The control and analyzing unit assesses a corresponding
image element as being non-ventilated and marks the corre-
sponding image element as such if the indicator of the devia-
tion meets a preset threshold value criterion.

[0014] Provisions are made according to the present inven-
tion for the control and analyzing unit to be set up to obtain a
time series of the impedance change in the given image ele-
ment from the time series of the matrices recorded, preferably
over at least one inspiration and one expiration. Furthermore,
a time series of the mean impedance change (each averaged
over one matrix) is determined from the sequence of matrices,
or a time series of a measured respiration volume is detet-
mined; the time series of the measured respiration volume
would then, of course, be set up such that it pertains to the
same times as the times at which the matrices of the imped-
ance changes are recorded. Furthermore, the control and ana-
lyzing unit is set up to compare, for each image element, the
corresponding time seties of the impedance change with the
time series of the mean impedance change or with the time
series of the measured respiration volume by calculating for
each image element a scaled value as an indicator of the
deviation of the corresponding time series from the time
series of the mean impedance change or of the time series of
the measured respiration volume. If the indicator of the devia-
tion of the time series from one another meets a preset thresh-
old value criterion, the corresponding image element is
assessed by the control and analyzing unit as non-ventilated
and is marked correspondingly.

[0015] One advantage of the present invention is that an
unusual characteristic may suddenly appear when the venti-
lation parameters are changed during artificial respiration, for
example, a PEEP (positive end-expiratory pressure) change,
and that it becomes visible according to the present invention
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in a short time where non-ventilated areas are present and
what possible percentage of the lung is not ventilated. The
physician can then either adjust the PEEP in a specific manner
until the unusual characteristic disappears, and/or attempt to
specifically find the morphological cause of the changed pat-
tern by other imaging methods, such as computed tomogra-
phy or magnetic resonance tomography.

[0016] Another advantage of the present invention is that
the marked non-ventilated image elements can be excluded
from further analyses of the local ventilation, e.g., RVD (Re-
gional Ventilation Delay) (T. Muders et al., Regional ventila-
tion delay index: Detection of tidal recruitment using electric
impedance tomography, Vincent I. L., Editor, Yearbook of
intensive care and emergency medicine), and ITV (Intratidal
Variation—K. Lowhagen et al., Regional intratidal gas dis-
tribution in acute lung injury and acute respiratory distress
syndrome—Assessed by electric impedance tomography,
Minerva Anestesiol., 76 (2010, 1024) and the quality of fur-
ther analyses of local ventilation can thus be improved. Erro-
neous results, which appear otherwise because the precondi-
tions for such analysis (increase in impedance during air
supply and vice versa) are not met for these non-ventilated
image elements, can thus be avoided.

[0017] The correlation coefficient between the time series
of the impedance change and the time series of the mean
impedance change or the time series of the measured respi-
ration volume can be calculated as the indicator of the devia-
tion for each image element. Whether the correlation coeffi-
cient is below a preset value is then checked as the threshold
value criterion. A value of 1 of the correlation coefficient
means that the two time series show no deviations from one
another, and a value of 0 means that there is no relationship
between them, and a value of -1 means that the time series
behave exactly oppositely to one another. If, for example, the
time series of the impedance change of an image element k is
designated by 7,(t,), I=1, . . . ,m and the time series of the mean
impedance change (the subscript glo denotes “global”) is
designated by z,,,(t,), I=1, . . ., m, the correlation coefficient
for the image element k can be calculated according to the
following formula:

E]

1
oy 1 (2 (1) = %) (Zgto (1) = Zglo)

Cp =

LS -z - /i§<z 1) - 20
P AR S \m& glo (L) = Zglo

=

in which the values provided with a dash represent the mean
values of the time series over the times t,, =], . . . , m. The
correlation coefficients are in a value range of [-1, 1]. The
correlation in percentage, which assumes values in the range
of [-100%, 100%], is obtained by multiplication by 100. The
correlation is usually stated in connection with the exemplary
embodiments.

[0018] As an alternative, the cross correlation function of
the time series of the impedance change and of the time series
of the mean impedance change or of the time series of the
measured respiration volume can be calculated for each
image element. The maximum of the cross correlation func-
tion is then determined as the indicator of the deviation, and
the possibility that the maximum exceeds a preset value is
checked as the threshold value criterion.
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[0019] As an alternative, the indicator of the deviation can
be calculated by considering the standardized time series of
the impedance change of the image element to be a vector and
considering the standardized time series of the mean imped-
ance change or the standardized time series of the measured
respiration volume to be a vector. The standardization of the
time series is performed by division by the integral value
thereof or the maximum thereof or generally by a norm of the
vector space of the time series (1-norm, 2-norm, etc.). (A
norm is generally an imaging of each vector of the vector
space to areal number, which meets the following conditions:

The norm of the zero vector is 0, the norm of vector BV (o0

being a real number) equals multiplied by the norm of V, and
the triangle inequality applies. The value of the difference of
said vectors is calculated as an indicator of the deviation. It is
checked as the threshold value criterion in this case whether
the norm of the difference exceeds a preset threshold value. If
the value of the difference of the vectors exceeds a preset
threshold value, this means that these deviate from each other
considerably at least at certain times of the time series.
[0020] Inanalternative embodiment, the standardized time
series of the impedance change of the image element is again
considered to be a vector and the standardized time series of
the mean impedance change or the standardized time series of
the measured respiration volume is considered to be a vector
and the scalar product of the two vectors mentioned is formed
as an indicator of the agreement. It is then checked as a
threshold value criterion whether the value of the scalar prod-
uct is below a preset threshold value. If the value of the scalar
product is low, this means that the two vectors are positioned
nearly at right angles to each other.

[0021] The indicator of the deviation for each image ele-
ment is calculated in another embodiment by considering the
standardized time series of the impedance change to be a
vector and by considering the standardized time series of the
mean impedance change or the standardized time series of the
measured respiration volume to be a vector and calculating
the standard of the sum of the said vectors as an indicator of
the deviation, and it is checked as a threshold value criterion
whether the standard of the sum is below a preset threshold
value. If the sum is small, this means that the time series do
not complement each other constructively but behave rather
opposed to each other, which corresponds to a negative cor-
relation.

[0022] The control and analyzing unit can be set up in an
advantageous embodiment to display non-ventilated image
elements assessed as being non-ventilated in an EIT image by
a preset shade.

[0023] In another embodiment, the control and analyzing
unit can be set up to determine the sum of the areas of the
image elements assessed as being non-ventilated and to dis-
play these graphically or alphanumerically or to display the
ratio thereof to the entire cross-sectional area of the lungs
graphically or alphanumerically with an EIT image.

[0024] The control and analyzing unit can be set up to
perform the reconstruction of the matrices from the measured
signals in real time and to determine the indicator of the
deviation for each image element in real time and to check the
threshold value criterion in real time and to mark image
elements assessed as being non-ventilated in a current EIT
image.

[0025] As an alternative, the control and analyzing unit can
be set up to store the measured signals and to perform the
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reconstruction of the matrices and the formation of the time
series of the impedance change of the image elements and of
the time series of the mean impedance changed or of the time
series from the stored measured respiration volume in a sub-
sequent analysis and to determine for each image element the
indicator of the deviation of the time series of the image
element from the time series of the mean impedance change
or from the time series of the measured respiration volume
and to check for the threshold value criterion and to assess
image elements that meet a preset threshold value criterion as
being non-ventilated.

[0026] Furthermore, the present invention provides for a
method for recording a sequence of EIT images of a cross-
sectional plane of the chest of a patient, on the circumference
of which a plurality of electrodes are arranged, wherein at
least one electrode pair as a feeding electrode pair is supplied
in the method with an alternating current or an alternating
voltage; a voltage signal or current signal is recorded as a
measured signal by each electrode pair from all other elec-
trode pairs, and each electrode pair of a plurality of electrode
pairs is operated consecutively as the feeding electrode pair;
amatrix of image elements, which represents the distribution
of the impedance changes in the electrode planes, is recon-
structed from all the measured signals with a reconstruction
algorithm, and matrices of the impedance change are recon-
structed repeatedly over time (preferably over at least one
breath), wherein a time series of the impedance change of the
image element is obtained from the sequence of the recorded
matrices for each image element, a time series of the mean
impedance change or a time series of a measured respiration
volume is determined at the same times as the time series of
the image elements, and the corresponding time series of the
impedance change is compared for each image element with
the time series of the mean impedance change or with the time
series of the measured respiration volume by calculating a
scaled value for each time series as an indicator of the devia-
tion of the time series of the impedance change of the image
element from the time series of the mean impedance change
or of the time series of the measured respiration volume. If the
indicator of the deviation meets a preset threshold value cri-
terion, the corresponding image element is assessed as being
non-ventilated and is marked as such.

[0027] The various features of novelty which characterize
the invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
understanding of the invention, its operating advantages and
specific objects attained by its uses, reference is made to the
accompanying drawings and descriptive matter in which pre-
ferred embodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a respiration volume curve and a mean
impedance change curve over one breath in comparison;
[0029] FIG.21is,inthe top parts, a mean impedance change
curve over one breath and, under it, four impedance change
curves for four selected image elements;

[0030] FIG. 3is, inthe top parts, a mean impedance change
curve over one breath and, under it, four impedance change
curves for four selected image elements;

[0031] FIG.41is,inthe top parts, a mean impedance change
curve over one breath and, under it, four impedance change
curves for four selected image elements; and

[0032] FIG. 5is a schematic view showing an EIT device
with electrodes and control and analyzing unit.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] Referring to the drawings in particular, F1G. 1 shows
the mean impedance change curve 1 and a respiration volume
curve 2 measured by the respirator as a function of time over
one inspiration and subsequent expiration, wherein the two
curves agree with one another so much that they are not
resolved in FIG. 1.

[0034] Thedesign and mode of operation of the EIT device
shown schematically in FIG. 5 will first be described now.
The EIT device has electrodes 7, which can be arranged in a
ring-shaped pattern about the chest of a patient. The remain-
ing components shown are part of the control and analyzing
unit, except for the display means 22 and 23, and different
functions of the control and analyzing unit are shown here in
separate modules. However, this does not mean that these
modules have to be physically separate units. The different
functions of the control and analyzing unit can rather be
embodied in a data processor, wherein the different modules
shown in FIG. 5 are in this case embodied in different pro-
gram units.

[0035] In typical cases, EIT devices have 16 electrodes. A
data acquisition unit 8 of the EIT device ensures current feed
via an electrode pair and the recording of the measured volt-
ages between the other pairs of adjacent electrodes (there are
13 pairs of adjacent electrodes among the remaining 14 elec-
trodesin case of a 16-electrode system). Alternating current is
then typically fed via a next electrode pair and the measured
voltages of all or some of the remaining electrode pairs are
typically recorded, etc., until each electrode pair has acted
once as a feeding electrode pair. It is, however, also conceiv-
able in technical implementations of EIT devices that not all
of the existing electrodes have been used to feed current or
voltage, but individual electrodes or electrode pairs are
jumped over the feed. It is likewise conceivable that voltage
measurements or current measurements are not performed on
all of the existing electrodes, but individual electrodes or
electrode pairs are jumped over and omitted during the mea-
surements. Thus, 208 measured voltages (16 feeding pairs of
adjacent electrodes with 13 measured voltages each of pairs
of adjacent electrodes from among the remaining electrodes)
are thus obtained for a recording for a device with 16 elec-
trodes; these 208 recorded measured voltages are also called
a frame. Typical EIT devices operate with frame rates
between 10 Hz and 50 Hz. The 208 measured voltages are
sent to the memory unit 10 of the EIT device via a bus system
9.

[0036] During the real-time processing of the data, a recon-
struction module 13 processes the measured voltages and
reconstructs from them a matrix of image elements (typically
32x32=1024 image elements), which represent the local dis-
tribution of the impedance change. The measured voltages are
stored in the alternative data processing at a later time. This is
indicated schematically by the further connection line 12,
which shall mean that the measured voltages are stored at first
and are sent to the further processing steps later.

[0037] Inthetime series module 15 forthe time series of the
image elements, the image elements are added up and stan-
dardized in order to obtain a time series of the mean imped-
ance change z,, (1), which represents the global impedance
change characteristic and is made available in a module 16 for
the mean impedance change.

[0038] It is not necessary to take all image elements into
account, because the cross-sectional image of a torso, which
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is represented in a square grid of image elements, leaves areas
behind, in corners, which do not belong to the torso and
therefore also should not be included in the analysis. This is
indicated in FIG. 5 by the white corners 14 around a sche-
matic representation of a tomogram through a torso. How-
ever, image elements that are located outside the lung area
may be present within the reconstructed area as well. For
example, there are strong muscle strands in the dorsal region
in animal experiments carried out on pigs. There is a marginal
fat layer in obese patients. A mask prepared with other means
and methods, which blanks out the outer area that is of no
interest and selects only the information-carrying lung image
elements, is therefore used. In FIG. 5, the selected image
elements are designated in the time series module 15 by M(t),
..., M(t), which designate the subscripts of the time series
of the impedance change of the analyzed image element.
[0039] The time series for the impedance change z,,(t) is
linked in the correlation module 17, 18 with the time series of
the mean impedance change z,,,(t) for each image element M,
in order to form a correlation coefficient c,,; for each image
element (it should be noted that the time series are designated
in FIG. 5 simply as functions of the time t, but this shall
represent a simplification of the representation only, because
what is actually meant is time series at discrete times). The
link of the time series, which is shown in correlation module
17,18, is shown as a formula as a link only symbolically; the
actual formulation of the link is represented, for example, in
the formula shown explicitly above for the correlation coef-
ficient.

[0040] After forming the correlation coefficients in corre-
lation module 17, a loop is performed again over all selected
image elements. This is schematically shown in the bottom
part of FIG. 5. A loop is performed at first over all image
elements M,, . . ., M,and a polling is performed to determine
if the image element being considered is still smaller than the
maximum image element M,; of the image elements selected
through the mask. If the subscript of the image element is still
lower, a polling is performed to determine whether the cor-
relation coefficient c,, is lower than the threshold value c,,,.
If yes, image element M, is marked as non-ventilated image
element in the marking module 20. As soon as all image
elements selected through the mask have been processed, the
EIT image is displayed on a display means 22, and the image
elements assessed as being non-ventilated are represented
with a special marking on the display means. Furthermore, a
display module 21, which shows the percentage of non-ven-
tilated image elements, is provided for the non-ventilated
component.

[0041] Examples of the mode of operation of the present
invention are shown in FIGS. 2 through 4, in which the
correlation between the time series is selected as the indicator
of the deviation. The mean impedance curve (or the time
series of the averaged impedance change) is always shown in
the upper graphs in the figures. The time series or curves of
the impedance change for individual, selected image ele-
ments 1 through 4 are shown in the four graphs under it.
[0042] The ventilation of the lung is rather homogeneous in
space and time in the first case in FIG. 2. The correlations with
the mean impedance change curvel equals, after rounding,
100% for all selected image elements 1, 2, 3 and 4. All image
elements within the lung area of the cross-sectional image are
ventilated.

[0043] The lung in FIG. 3 is a COPD lung, which is venti-
lated with great offset in time because of different regional
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resistivities and elasticities. The dorsal regions are ventilated
earlier than the ventral ones, but the pattern of the local image
element curves 5 still agrees essentially with the averaged
impedance curve 4, so that the correlations are still always
rather close at nearly 80% to 100%. The cross correlation
curves, not shown, all have their maxima at 100%.

[0044] FIG. 4 shows an animal experiment with a lung
artificially damaged with hydrochloric acid. The curves or
time series of the image elements in the central right and left
lung area with the numbers 1 and 2 show excellent correlation
with the mean impedance change curve with correlations of
100%, whereas the impedance change curves of the image
elements 3 and 4 in the dorsal right and left lung areas show
slight, but significant relative impedance changes, which run
counter to the ventilation. While the impedance otherwise
increases during the supply of air, it drops there significantly.
The correlations are consequently —-80% to -95%. These are
not overshoots, whose correlation would equal -100% and
thus would also occur at other locations. It is reasonable to
suspect that this characteristic is linked with the damaged
lung in the dorsal area. Regardless of the exact cause of the
anticorrelating characteristic, no ventilation takes place here.
[0045] The correlation coefficients c,,, selected as devia-
tion indicators here are compared for all image elements
selected through the mask with a threshold ¢, A threshold of
¢,,=0.5 was set in this example. If the correlation coefficient
was below the threshold, the image element in question was
assessed being non-ventilated. The percentage of the image
elements assessed as being non-ventilated was 6% in the
example in FIG. 4.

[0046] A display module 23 for a further analysis of the
local ventilation of the lung is also shown schematically in
FIG. 5; the image elements marked as non-ventilated can be
excluded with the EIT device and method according to the
present invention in the analysis module 23 from the further
analysis of the local ventilation, so that the quality of the
further analysis improves.

[0047] While specific embodiments of the invention have
been shown and described in detail to illustrate the applica-
tion of the principles of the invention, it will be understood
that the invention may be embodied otherwise without
departing from such principles.

What is claimed is:

1. An electric impedance tomography device comprising:

a plurality of electrodes, which can be arranged about the
chest of a patient;

a control and analyzing unit, which is configured to supply
atleast one electrode pair as a feeding electrode pair with
an alternating current or with an alternating voltage, to
record a voltage signal or current signal as a measured
signal with a plurality of the remaining electrode pairs
from the plurality of electrodes pairs electrode pairs and
to let each electrode pair of a plurality of electrode pairs
act consecutively as the feeding electrode pairin order to
reconstruct, from the measured signals with a recon-
struction algorithm, a matrix of image elements, which
represents the distribution of the impedance changes in
the electrode plane, and to repeatedly record measured
signals over time and to reconstruct matrices, wherein
the control and analyzing unit is configured to obtain a
time series of the impedance change from the sequence
of the reconstructed matrices over at least one inspira-
tion and one expiration for each image element, to deter-
mine a time series of the mean impedance change or a
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time series of a measured respiration volume and to
compare for each image element the corresponding time
series of the impedance change with the time series of
the mean impedance change or with the time series of the
measured respiration volume by a scaled value being
calculated for each image element as an indicator of a
deviation of the time series of the impedance change of
the image element from the time series of the mean
impedance change or from the time series of the mea-
sured respiration volume and a corresponding image
element is assessed and marked as being non-ventilated
if an indicator of the deviation meets a preset threshold
value criterion.

2. Anelectricimpedance tomography device in accordance
with claim 1, wherein the control and analyzing unit calcu-
lates a correlation coefficient between the time series of the
impedance change and the time series of the mean impedance
change or the time series of the measured respiration volume
as the indicator of the deviation for each image element and a
checking is performed as a threshold value criterion to deter-
mine whether the correlation coefficient is below a preset
value.

3. Anelectricimpedance tomography device in accordance
with claim 1, wherein the control and analyzing unit is con-
figured to calculate for each image element a cross correlation
function of the time series of the impedance change and the
time series of the mean impedance change or the time series
of the measured respiration volume, to determine the maxi-
mum of the cross correlation function as an indicator of the
deviation, and to perform a check as a threshold value crite-
rion to determine whether the maximum is below a preset
value.

4. An electricimpedance tomography device in accordance
with claim 1, wherein the indicator of the deviation is calcu-
lated for each image element by a standardized time series of
the impedance change being considered to be a vector and by
a standardized time series of the mean impedance change or
astandardized time series ofthe measured respiration volume
being considered to be a vector and the norm of the difference
of said vectors is calculated as an indicator of the deviation,
and the control and analyzing unit checks, as athreshold value
criterion, whether the norm of the difference exceeds a preset
threshold value, wherein the standardization of the time series
is performed by division by the standard deviation thereof or
by the median-absolute deviation thereof, by the integral
value thereof or by a norm of the vector space being consid-
ered.

5. Anelectric impedance tomography device in accordance
with claim 1, wherein the indicator of the deviation is calcu-
lated for each image element by considering a standardized
time series of the impedance change to be a vector and a
standardized time series of the mean impedance change or a
standardized time series of the measured respiration volume
to be a vector and calculating the scalar product of said
vectors as an indicator of the deviation, and that the control
and analyzing unit checks, as a threshold value criterion,
whether the value of the scalar product is below a preset
threshold value, wherein the standardization of the time series
is performed by division by the standard deviation thereof or
by the median-absolute deviation thereof, by the integral
value thereof or by a norm of the vector space being consid-
ered.

6. An electricimpedance tomography device in accordance
with claim 1, wherein the indicator of the deviation is calcu-
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lated for each image element by considering a standardized
time series of the impedance change to be a vector or a
standardized time series of the measured respiration volume
to be a vector and calculating the norm of the sum of said
vectors as an indicator of the deviation, and the control and
analyzing unit checks a threshold value criterion to determine
whether the norm of the sumis below a preset threshold value,
wherein the standardization of the time series is performed by
division by the standard deviation thereof or by the median-
absolute deviation thereof, by the integral value thereof or by
anorm of the vector space being considered.

7. An electric impedance tomography device in accordance
with claim 1, wherein the control and analyzing unit is con-
figured to display the image elements assessed as being non-
ventilated in an EIT image in a preset shade.

8. An electric impedance tomography device in accordance
with claim 1, wherein the control and analyzing unit is con-
figured to display the sum of the areas of the image elements
assessed as being non-ventilated or the ratio of the sum to the
cross-sectional area of the lung in the EIT image in an EIT
image graphically or alphanumerically.

9. An electric impedance tomography device in accordance
with claim 1, wherein the control and analyzing unit is con-
figured to perform a reconstruction of the matrices from the
measured signals in real time and to determine the indicator of
the deviation for each image element in real time and to check
the threshold value criterion in real time and to mark image
elements assessed as being non-ventilated in a current EIT
image.

10. An electric impedance tomography device in accor-
dance with claim 1, wherein the control and analyzing unit is
configured to store the measured signals and to perform the
reconstruction of the matrices and the formation of the time
series of the mean impedance change of the image elements
and of the time series of the mean impedance change or of the
time series from the stored measured respiration volume in a
subsequent analysis at preset times and to determine, for each
image element, the indicator of the deviation of the time series
of the image element from the time series of the mean imped-
ance change or of the time series of the measured respiration
volume and to perform a check for the threshold value crite-
rion and to assess image elements that meet a preset threshold
value criterion as being non-ventilated.

11. A method for recording a sequence of EIT images ofa
cross-sectional plane of the chest of a patient, the method
comprising:

providing a control and analyzing unit connected to a plu-

rality of electrodes;

arranging the plurality of electrodes on the circumference

of the chest of the patient, wherein at least one electrode
pair as a feeding electrode pair is supplied with an alter-
nating current or an alternating voltage, a voltage signal
or current signal is recorded as a measured signal with a
plurality of the remaining electrodes, and each electrode
pair of the plurality of electrode pairs is operated con-
secutively as the feeding electrode pair; and

with the control and analyzing unit:

reconstructing a matrix of image elements, which rep-
resents the distribution of the impedance changes in
an electrode plane, from all the measured signals with
a reconstruction algorithm,

reconstructing matrices of the impedance change repeat-
edly over time;
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obtaining a time series of the impedance change of the
image element from the sequence of the matrices
recorded over at least one breath for each image ele-
ment;

determining a time series of the mean impedance change
or a time series of a measured respiration volume is
determined at the same times as the time series of the
image elements; and

comparing a corresponding time series of the impedance
change, for each image element, with the time series
of the mean impedance change or with the time series
of the measured respiration volume by calculating for
each image element a scalar value as an indicator of
the deviation of the time series of the impedance
change of the image element from the time series of
the mean impedance change or of the time series of
the measured respiration volume; and

assessing a corresponding image element as being non-
ventilated and marking as such if the indicator of the
deviation meets a preset threshold value criterion.

12. A method in accordance with claim 11, wherein the
matrices are reconstructed in real time, the time series are
formed in real time, the indicator of the deviation is detet-
mined for each image element in real time, and image ele-
ments assessed as being non-ventilated are displayed in a
current display of the EIT image.

13. A method in accordance with claim 11, wherein the
measured signals are stored and the matrices are recon-
structed in a subsequent analysis step, the time series for the
impedance changes of the image elements, for the mean
impedance change or for the measured respiration volume are
formed, and the indicators of the deviations of the image
elements are determined at given times and checked for the
threshold value criterion, and the image elements that meet a
preset threshold value criterion are assessed as being non-
ventilated.

14. An electric impedance tomography system comprising:

a plurality of electrodes for being arranged about the chest

of a patient;

acontrol and analyzing unit controlling alternating current

or an alternating voltage to a feeding electrode pair of the
electrodes, recording a voltage signal or current signal as
a measured signal from remaining electrodes and con-
secutively changing the electrodes that are the feeding
electrode pair to reconstruct, from the measured signals
with a reconstruction algorithm, a matrix of image ele-
ments, which represents the distribution of the imped-
ance changes in the electrode plane, and repeatedly
recording measured signals over time to reconstruct
matrices, obtaining a time series of the impedance
change of the image element from the sequence of the
matrices recorded over at least one breath for each image
element, determining a time series of the mean imped-
ance change or a time series of a measured respiration
volume is determined at the same times as the time series
of the image elements, comparing a corresponding time
series of the impedance change, for each image element,
with the time series of the mean impedance change or
with the time series of the measured respiration volume
by calculating for each image element a scalar value as
an indicator of the deviation of the time series of the
impedance change of the image element from the time
series of the mean impedance change or of the time
series of the measured respiration volume and assessing
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a corresponding image element as being non-ventilated
and marking as such if the indicator of the deviation
meets a preset threshold value criterion.

15. An electric impedance tomography system in accor-
dance with claim 14, wherein the control and analyzing unit
calculates a correlation coefficient between the time series of
the impedance change and the time series of the mean imped-
ance change or the time series of the measured respiration
volume as the indicator of the deviation for each image ele-
ment and the control and analyzing unit performs a checking
as a threshold value criterion to determine whether the corre-
lation coefficient is below a preset value.

16. An electric impedance tomography system in accor-
dance with claim 14, wherein the control and analyzing unit
calculates, for each image element, a cross correlation func-
tion of the time series of the impedance change and the time
series of the mean impedance change or the time series of the
measured respiration volume, to determine the maximum of
the cross correlation function as an indicator of the deviation,
and performs a check as a threshold value criterion to deter-
mine whether the maximum is below a preset value.

17. An electric impedance tomography system in accor-
dance with claim 14, wherein the indicator of the deviation is
calculated for each image element by a standardized time
series of the impedance change being considered to be a
vector and by a standardized time series of the mean imped-
ance change or a standardized time series of the measured
respiration volume being considered to be a vector and the
norm of the difference of said vectors is calculated as an
indicator of the deviation, and the control and analyzing unit
checks, as a threshold value criterion, whether the norm ofthe
difference exceeds a preset threshold value, wherein the stan-
dardization of the time series is performed by division by the
standard deviation thereof or by the median-absolute devia-
tion thereof, by the integral value thereof or by a norm of the
vector space being considered.

18. An electric impedance tomography system in accor-
dance with claim 14, wherein the indicator of the deviation is
calculated for each image element by considering a standard-
ized time series of the impedance change to be a vector and a
standardized time series of the mean impedance change or a
standardized time series of the measured respiration volume
to be a vector and calculating the scalar product of said
vectors as an indicator of the deviation, and that the control
and analyzing unit checks, as a threshold value criterion,
whether the value of the scalar product is below a preset
threshold value, wherein the standardization of the time series
is performed by division by the standard deviation thereof or
by the median-absolute deviation thereof, by the integral
value thereof or by a norm of the vector space being consid-
ered.

19. An electric impedance tomography system in accor-
dance with claim 14, wherein the indicator of the deviation is
calculated for each image element by considering a standard-
ized time series of the impedance change to be a vector or a
standardized time series of the measured respiration volume
to be a vector and calculating the norm of the sum of said
vectors as an indicator of the deviation, and the control and
analyzing unit checks a threshold value criterion to determine
whether the norm of the sumis below a preset threshold value,
wherein the standardization of the time series is performed by
division by the standard deviation thereof or by the median-
absolute deviation thereof, by the integral value thereof or by
a norm of the vector space being considered.
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20. An electric impedance tomography system in accor-
dance with claim 14, wherein the marking includes at least
one of:
displaying the image elements assessed as being non-ven-
tilated in an EIT image in a preset shade; and

displaying a sum of the areas of the image elements
assessed as being non-ventilated or the ratio of the sum
to the cross-sectional area of the lung in the EIT image in
an EIT image graphically or alphanumerically.
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