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ONLINE SUPPLEMENT 4
Functional EIT images
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Types of functional EIT images
We group fEIT imaging approaches according to their target physiological parameters:
ventilation distribution, ventilation- and cardiac-frequency impedance changes, aeration
change, respiratory system mechanics, ventilation timing, and tissue classification (i.e. for
regions of repeated opening and closing and for overdistended and atelectatic tissue). The
different approaches differ in their requirements for additional simultaneous information in
addition to the EIT data (e.g. airway pressure), and specific clinical interventions (e.g.
constant low-flow inflation). We conclude by describing various approaches to combine
different types of fEIT image to label the state of different regions of the lung into states
(e.g. atelectatic or overdistended).
Because of the variety of fEIT approaches and techniques, many different terms have
been used for the same calculation. In some cases, early terminology has been replaced by
more precise terms. In Table E4.1, we show the fEIT imaging categories and the associated
imaging techniques. Technical details are described in subsequent sections.
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Table E4.1. Overview of the various fEIT imaging techniques with older or alternative
taxonomy organized by fEIT imaging categories.
fEIT imaging category

fEIT imaging technique

Alternative terms

Ventilation

Standard deviation fEIT

SD fEIT

(distribution of)

Tidal variation fEIT

VT fEIT, TV fEIT, tidal fEIT

Normalized tidal variation fEIT

Stretch fEIT

fEIT of other lung volumes than VT

FVC fEIT, FEV1 fEIT, IVC fEIT

fEIT of ratios of lung volumes or

FEV1/FVC fEIT, FEF75/FEF25 fEIT

flows
Frequency analysis of

Ventilation-frequency fEIT

impedance changes

Cardiac-frequency fEIT,

Cardio-synchronous fEIT, heart

Pulsatility fEIT

beat-related fEIT, perfusion fEIT

Aeration change

Volume-difference fEIT

∆EELV, ∆EELZ, ∆EELI

Respiratory system

fEIT of dynamic Crs

mechanics

fEIT of quasi-static Crs and landmark fEIT of lower and upper inflection
pressure points

point pressures

fEIT of opening / closing pressures
Regression fEIT

Linear regression fEIT, slope fEIT,
filling capacity, polynomial fit fEIT,
regional curvilinearity fEIT, filling
index

Time constant fEIT
Ventilation timing

Ventilation delay fEIT

Opening / closing delay

Expiration time fEIT
Tissue classification

fEIT of overdistension / atelectasis
Low tidal variation fEIT

Silent spaces

Abbreviations: Crs, respiratory system compliance; EELI, end-expiratory lung impedance;
EELV, end-expiratory lung volume; EELZ, end-expiratory lung impedance; FEF25, forced
expiratory flow at 25% of FVC exhaled; FEF75, forced expiratory flow at 75% of FVC
exhaled; fEIT, functional EIT; FEV1, forced expiratory volume in 1 s; IVC, inspiratory vital
capacity; FVC, forced vital capacity; TV, tidal variation; VT, tidal volume; ∆, change.
Figure E4.3 provides an overview of these types of fEIT images, based on a set of
maneuvers or interventions during EIT data acquisition. During an initial PEEP setting, a
subject is ventilated and fEIT measures of (A) ventilation and Crs, and (B) delays and
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respiratory time constants are calculated. A new PEEP setting is then applied and fEIT
measures of (C) changes in aeration (e.g. in end-expiratory lung volume (ΔEELV)) are
calculated. Last, a pressure-volume (P-V) loop is performed, from which (D) other fEIT
parameters of respiratory system mechanics are calculated.

Figure E4.3. Conceptual diagram of the types of fEIT images, based on raw images
acquired during an initial PEEP setting, an increased PEEP and a quasi-static pressurevolume (P-V) inflation and deflation maneuver. Each letter indicates the type of fEIT images:
A) measures of the distribution of ventilation and of regional compliance (the illustration
shows a measure of tidal variation), B) measures of regional delays and time constants (the
illustration shows a measure of inspiratory time), C) measures of regional changes in
aeration due to an intervention (the illustration shows a slow inflation), and D) measures of
PV loop parameters (the illustration shows maximum curvature-change points).
fEIT images of ventilation distribution
One of the key advantages of EIT is its ability to provide real-time information on the
distribution of ventilation. Thus, the earliest (and still most common) use of fEIT was to
characterize the distribution of ventilation. Several different fEIT approaches have been
developed, which we discuss below.
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ventilation-related changes in impedance from the cardio-synchronous ones, or artifacts in
the data (caused e.g. by poor electrode contact). Additionally, since, by its calculation, SD is
always positive, areas of increasing or decreasing air volume cannot be distinguished in such
images.


Tidal variation fEIT images

Tidal variation functional EIT (TV fEIT) images show the difference between EIT image
values at end-inspiratory and end-expiratory times for each pixel of the functional image.
The occurrences of end-inspiratory and end-expiratory events are typically automatically
identified on a global waveform that is obtained by computing the sum of all pixels of the
image sequence. The values of each pixel waveform at these time occurrences are then
averaged for each of the end-inspiratory and end-expiratory events. Each pixel of the TV
fEIT image is then calculated as the difference between its average end-inspiratory and
average end-expiratory value (Figure E4.5). Each of the three black dot pixel values is
obtained from the waveforms on the left. The red dots indicate the waveform values at each
end-inspiratory event while the blue dots indicate the waveform values at each endexpiratory event. The red horizontal line represents the average of the end-inspiratory
values while the blue line represents the average of the end-expiratory values. The
difference between the red and the blue lines represents the pixel values in the TV fEIT
image.
The advantage of this method is that it is specific to ventilation changes. It is more
complicated computationally because the signal processing is required to identify the breath
boundaries. While automatic approaches to detect end-inspiratory and end-expiratory events
work well in many circumstances, they can occasionally give incorrect results when the
pattern of ventilation is unusual or when there is a difference in phase of ventilation among
regions. Incorrect detection of these breathing time points will disturb the fEIT images. One
correction is for the human operator to review and correct these detections (e.g. (5)).


Normalized tidal variation fEIT images

A “normalized tidal ventilation image” is an fEIT image in which TV image is normalized such
that each image is represented as a fraction of the one with the maximum value. In this
case, each image pixel is then a fraction or a percentage value. Such an image is useful to
visually present the spatial pattern of the distribution of ventilation within the lung. This has
also been referred to as the “stretch” fEIT image (6).
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Figure E4.5. Tidal variation (TV) fEIT image (right). Time courses (left) from the indicated
pixels are analyzed to determine the values at each end-inspiratory (red dots) and endexpiratory (blue dots) event, and subsequently averaged, yielding the red and blue lines.
Each fEIT image pixel value is obtained by subtracting the values corresponding to the red
and blue lines (also shown as a value of TV) and is visually expressed in the respective
shade of gray of the pixels,


fEIT images of other lung volumes than VT

Regional ventilation distribution has mostly been examined by EIT during either
spontaneous or mechanical tidal ventilation, with a focus on monitoring tidal breathing.
However, it is also possible to analyze the distribution of other lung volumes in the chest
cross-section than VT. Virtually all lung volumes typically determined during conventional
pulmonary function testing by spirometry as global values at the airway opening can be
assessed by EIT on a regional level. The prerequisite is that the subjects are examined by
EIT during well-known ventilation maneuvers like full inspiration and forced full expiration.
The resulting pixel EIT waveforms are analyzed by calculation of differences between the
impedance values at characteristic time points (e.g., full expiration to residual lung volume,
full inspiration to total lung capacity with the onset of forced expiration and the end of
forced full expiration). This allows the assessment of pixel lung volumes like inspiratory vital
capacity (IVC), forced vital capacity (FVC), expiratory (ERV) and inspiratory reserve volumes
(IRV) or forced expiratory volume in 1 s (FEV1) (7-11). The distribution of these lung
volumes is then visualized by plotting these values as fEIT.
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fEIT images of ratios of lung volumes or flows

Regional lung function is conventionally assessed not only by determining the lung volumes
but also by several quotients determined as ratios between various lung volumes or
between air flows. The best known are the ratios of FEV1 and FVC or of maximum forced
flow rates at defined volumes. These ratios can be determined by EIT in individual image
pixels representing the chest cross-section. The corresponding fEIT images can be used to
determine the spatial heterogeneity of ventilation.
A few clinical studies have been performed using this approach. For instance, EITderived FEV1/FVC values acquired in patients suffering from chronic obstructive lung disease
were not only significantly lower than in healthy subjects but they also exhibited a higher
inhomogeneity of their spatial distribution (8). These measures were able to differentiate
patients with asthma from age-matched controls (11) and to identify the regional effects of
an inhaled bronchodilator during reversibility testing (10). The fEIT images of pixel ratios of
forced expiratory flows after exhalation of 75% and 25% of FVC identified the spatial
distribution of airway obstruction in patients with cystic fibrosis (12).
fEIT images using frequency analysis
As described in EOS 3, frequency filtering can be used to extract ventilation and cardiacrelated information from EIT images. The underlying concept is to filter each EIT pixel
waveform to extract only the signal at the breathing (and the cardiac, if desired) frequency,
and then to measure the amplitude of this extracted signal. The breathing and heart rates
are determined either 1) automatically, by analyzing the power spectrum of the global
waveform – obtained by computing a Fourier Transform (FT) on the global signal and
identifying the highest peak in the expected frequency range for breathing and heart rates
or 2) from another instrument such as the patient ventilator, impedance plethysmograph,
ECG or pulse oximetry. Once these rates are known, the FT of each waveform
corresponding to individual pixels in the sequence of raw images is performed. The
frequency signal amplitudes at the breathing and heart rates are then each assigned to a
different fEIT image: the first corresponds to ventilation while the second represents heartfrequency related impedance changes. Figure E4.6 shows examples of fEIT images obtained
by frequency analysis.
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Ventilation-frequency fEIT images

The frequency-analysis fEIT method has many advantages in its ability to identify and
measure ventilation-related changes. It has a high specificity; by using a narrow, adapted
filter centered on the breathing frequency, it is able to reject non-ventilation contributions to
the fEIT image. However, there are also several practical challenges. First, it is sometimes
difficult to identify the peak corresponding to the ventilation rate in the frequency spectrum,
as it is not always the highest one. Second, it is not clear how harmonics of the main
respiratory and heart rate should be analyzed, since only a fraction of the amplitude of the
breathing signal is contained at the principle frequency component. (In a few studies,
frequency filtering is performed using a low or band-pass filter with the 1st and 2nd
harmonics of the breathing rate included (e.g. (13, 14)). Another difficulty with this method
is its assumption of a stable breathing and cardiac frequency. This assumption of a stable
breathing frequency is appropriate for some ventilation modes, but not for spontaneously
breathing patients or for some support ventilation modes. It is, however, the method of
choice for high-frequency oscillatory ventilation (HFOV), where the waveform is simpler but
only a few data points per breath are available (e.g. (15, 16)).


Cardiac-frequency fEIT images

Frequency-analysis fEIT can provide high quality images of the cardiac-related EIT image
contributions. Since the cardiac-frequency contributions are much smaller and closer to the
EIT frame rate, a very selective filter (such as provided by this technique) is required.
Clearly, if the heart rate is not stable, frequency analysis will not be an appropriate analysis
technique. Since this cardiac frequency-filtered image contains information on perfusion it
has been called a “perfusion image” in some publications (e.g. (13, 17, 18)). However, there
are several physiological reasons why the EIT image filtered at the cardiac frequency does
not correspond directly to the perfusion. First, this analysis assumes a constant and stable
heart rate, which may not be valid in most clinical scenarios. Next, overestimation of
perfusion is possible, because the movement of the heart via cardioballistic effects
independently contributes to EIT signals in addition to the perfusion contribution (19).
Underestimation of perfusion is also possible, because small blood vessels (especially
capillaries and veins in which blood flow is continuous) will not show a pulsatile component
(20). This latter effect would also presumably be gravity dependent. We thus recommend,
this type of fEIT image be referred to as “cardiac-related”, “heart beat-related”, “cardiac
frequency-filtered” or the “pulsatility” fEIT image. If the cardiac frequency is a multiple of
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d
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expiratory events. Based on the global EIT waveform, the time of each end-expiratory event
is identified. Next, with each pixel waveform in the raw image sequences, end-expiratory
values are identified at each identified end-expiratory time. End-expiratory values before and
after the intervention are separately averaged, and then the difference between these two
averages calculated. The functional image pixel values therefore reflect the increase or
decrease in end-expiratory lung volume due to the intervention. An analogous calculation for
the end-inspiratory event yields a functional image showing the change of the distribution of
lung volume at end-inspiration. It should be noted that it is necessary for the calculation of
any of these functional images that the same baseline (reference) measurement frame is
used to reconstruct the difference EIT raw image before and after the intervention.

fEIT images of regional respiratory system mechanics


fEIT images of regional dynamic respiratory system compliance

Crs is a measure of the ease with which the chest wall and lung can increase in volume in
response to an increase in airways pressure. Mechanical measurements of Crs are thus in
units of L/cmH2O. EIT has seen much interest due to its potential to calculate regional
measures of Crs. Such an image of the regional distribution of Crs provides useful information
on the mechanical properties of lung tissue and can thus help guide therapeutic
interventions. Unfortunately, it is not possible in vivo to calculate the regional
micromechanical volumes and pressures from which true regional Crs could be calculated.
For lung pressure values, it is typical to assume that pressure is uniform throughout the
lung, and to use the pressure reading from a ventilator when flow values have reached zero
at both end-expiration and end-inspiration; this assumption may not be valid with
obstructive lung diseases, especially if there were regions of trapped gas.
fEIT images of regional Crs interpret gas volume as proportional to the EIT signal. This
can be either the EIT image (in arbitrary EIT image units, AU) (1) or with the raw EIT image
calibrated to some external measure of regional volume or global lung volume has been
sometimes used (e.g. (21-23)). In all cases, measurements of incremental changes of lung
volume and pressure are required to calibrate fEIT images of regional Crs. Without
calibration, such fEIT images would be considered to be images of ventilation.
Regional dynamic Crs has often been determined from single breaths under dynamic
ventilation conditions during an incremental and decremental PEEP trial (1, 22) and used to
assess regional alveolar recruitment and overdistension. It can identify the PEEP step at
which the most homogeneous distribution of regional Crs occurs.
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It is worth noting that fEIT images of aeration change also provide an approximation of
Crs, when normalized by the difference in airway pressure between peak-inspiration and
peak-expiration.


fEIT images of regional quasi-static respiratory system compliance

The quasi-static pressure-volume (P-V) maneuver is a standard tool to study respiratory
system mechanics. As the lung inflates it changes from an initial low compliance (due to
collapsed or atelectatic regions) through a region of high compliance and finally returns to a
low compliance behavior (due to overdistension). The P-V curve is also able to measure the
hysteresis of lung properties when acquired during both inflation and deflation. EIT data
acquired during a P-V curve can provide regional functional information which can enhance
the clinical value of the procedure. Figure E4.8 illustrates the types of information available
from an EIT measurement during a P-V curve maneuver.

Figure E4.8. Illustration of the fEIT measurements available from data during a quasi-static
constant low-flow inflation and deflation P-V maneuver. The top row shows raw EIT images
during a period of ventilation, followed by inflation, deflation and then continued ventilation.
The middle row shows representative EIT waveforms, and the bottom row volume
(calculated from the EIT waveform, either calibrated to volume units, or in units of raw EIT
impedance changes (ΔZ)). Parameter types which can be measure are illustrated: A) time to
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cross a threshold fraction of the total ΔZ (which may be represented as an opening or
closing pressure), B) time constant of an exponential curve fit to a step change in airway
pressure, C) sigmoid curve fit to the P-V loop hysteresis, and D) maximum curvature-change
values from the fitted curve (also referred to as “inflection” points).
When EIT data are recorded simultaneously with airway pressure either during a
constant low-flow or a stepwise P-V maneuver, a quasi-static pressure-impedance curve is
obtained for each pixel. Kunst et al. were the first to study fEIT measures from P-V curves
using a low-flow inflation protocol, and used the data to estimate upper (UIP) and lower
inflection points (LIP) in the EIT curves (24). A similar approach was used by van
Genderingen et al. (25). Further work was done by Frerichs et al who fit the sigmoid curves
of both inflation and deflation to EIT data from quasi-static P-V loops obtained in
experimental animal with healthy, acutely injured and surfactant-treated lungs (26).
Grychtol et al. proposed a method to automatically extract LIP and UIP, as well as Crs
assessment from such curves (27). Miedema et al. generated deflation pressure-impedance
curves before and after surfactant treatment in high-frequency oscillatory ventilated preterm
infants (28).
Note that the term “inflection point”, while commonly used, is in fact mathematically
incorrect. The points of interest are those at which a maximum change in slope of the curve
occurs, but this is not an “inflection” (which is a change in curvature from positive to
negative). Instead, we recommend the terminology “maximum curvature-change points”.


Opening/closing pressure fEIT images

As the lungs inflate from a low volume state, parts of the lung begin to open, and, similarly,
as the lungs deflate, parts of the lung can close. A functional image of the pressures at
which these events occur is a “regional opening (or closing) pressure fEIT image”. In
patients with acute respiratory distress syndrome, such images show significant
heterogeneity, which may help to guide therapy.
In (5), regional opening and closing pressures were defined through a low-flow inflation
and deflation maneuver. As the lungs were slowly inflated (allowing the pressure in lung
regions to equalize to quasi-static conditions), the waveform in each image pixel was
analyzed to determine when it began to increase from baseline (opening pressure) or when
it returned to baseline (closing pressure). In this work, regional opening and closing
pressures in each pixel were defined by the crossing of a threshold value in each pixel of the
EIT image sequence, above which the lung region corresponding to that pixel is considered
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open. A functional image of regional opening or closing pressure is then composed by
assigning each pixel the value of airway pressure at the moment at which that threshold is
crossed, respectively during inflation or deflation. This work defined the threshold in each
pixel as a percentage (commonly 10%) of the total magnitude of changes recorded in that
pixel during a respiratory cycle. Results based on (5) are shown in Figure E4.9.

Figure E4.9. Calculation of regional opening and closing pressures fEIT images (5). Data
were from slow-flow inflation and deflation on a patient with acute respiratory distress
syndrome. The normalized global EIT and airway pressure (upper left) are shown, as well as
the EIT waveform at four pixels in the image (colored lines, lower left). Based on the time of
crossing a threshold, fEIT images of regional opening and closing pressures (units of
cmH2O) are shown.
It is possible to calculate opening and closing pressure fEIT images for each breath
during conventional ventilation (given a sufficiently high scan rate); however, such dynamic
conditions would not permit the assumption of quasi-static pressures in the lungs. An fEIT
showing regional opening pressure during tidal breathing is shown in Figure E4.10.
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use of such images is to visualize the effects of surfactant treatment on the regional
dynamic tissue properties (36, 37).
To obtain time constant fEIT images, EIT data should be recorded before and after a
step increase or decrease in airway pressure is performed (36). An exponential decay curve
(

/

is then fitted to the EIT waveform after the pressure increase or decrease for

each pixel. The time constant

is then calculated to each pixel value to form the time

constant fEIT image. Time constant analysis was also used by Miedema et al. who
performed small incremental and decremental pressure steps in preterm infants receiving
HFOV and analyzed the time constant of adaptation in the EIT signal in global, ventral and
dorsal regions (37). Time constants may be calculated for other physiological phenomena in
the lungs, including for the inspiratory and expiratory phase of each breath (38).
fEIT images of ventilation timing


Ventilation delay fEIT images

Regional ventilation delay measures a similar property to regional opening and closing
pressures. Lung regions which are less compliant will respond more slowly to an applied
pressure step and will begin opening later than more compliant regions. Regions with large
ventilation delays may thus be considered pathological, and the corresponding fEIT images
should provide a useful guide to therapy (39).
The regional ventilation delay fEIT image represents the regional ventilation delay
compared to the global waveform. Figure E4.12 represents a regional ventilation delay
functional EIT image for one breath obtained from a ventilated pig. The pixel values are
obtained by first finding, for each breath, the instant where each corresponding pixel
waveform reaches a threshold of its overall magnitude as defined by its end-expiratory and
end-inspiratory values. (Threshold values of up to 40% were used (39)). Where the
threshold was crossed at an instant between two EIT data samples, the estimate is
calculated by interpolation of the EIT waveform (using linear or higher order interpolation).
The same process of finding the instant where the values reach a threshold of the overall
magnitude is performed on the global waveform. The regional ventilation delay pixel values
correspond to the difference between each individual waveform and the global waveform. A
negative value means that the corresponding ventilation in this pixel leads the average
ventilation while a positive value means that the ventilation in this pixel is lagging the
average ventilation.
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In the presence of lung collapse, atelectatic areas may open up during inspiration and
collapse again during expiration, a phenomenon called tidal recruitment. Wrigge et al have
shown that the time-dependency of regional filling quantified as regional ventilation delay
correlates with tidal recruitment (40).


Expiration time fEIT images

Calculation of pixel expiration times can also be applied to assess the temporal
heterogeneity of ventilation. This approach has been applied in spontaneously breathing
subjects examined by EIT during conventional pulmonary function testing. The pixel
expiration times needed to exhale defined fractions (25%, 50%, 75% and 90%) of FVC
during forced full expiration were shown to be a robust measure to determine the high
temporal heterogeneity of exhalation in patients with airway obstruction (8, 10, 11).
fEIT images with classification of regional lung tissue state
Different types of functional EIT image may be jointly analyzed to diagnose regional lung
(patho-) physiology. Of particular clinical interest is the identification of hyper- or (over-)
distended and atelectatic lung regions, as this provides clinically useful physiological
information.


fEIT images of regional overdistention and atelectasis

Both ovedistended and atelectatic regions are characterized by low Crs, and thus low tidal
impedance change. They differ in that an increase in airways pressure may open a collapsed
area, leading to its opening and hence an increase in Crs, whereas in an overdistended lung
region increased pressure leads to a further reduction of Crs.
Based on this difference, two approaches for identifying lung tissue were proposed (27,
41). Costa et al. analyzed changes in functional images of Crs during a PEEP titration (41).
Using the assumption that airway pressure is uniform throughout the lung, local Crs is
calculated by dividing local tidal change by the difference in airway pressure between peakinspiration and peak-expiration. The amount of collapse or overdistention in the lung area
corresponding to each pixel is quantified by comparing its Crs at a given PEEP level with the
best Crs observed throughout the maneuver. This approach was also described in (42). In
(23) it was used to guide choice of PEEP settings in management of experimental lung
injury.
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The approach of (27) is conceptually similar, but does not require a full titration
maneuver. Instead, a single step increase in PEEP is used by a fuzzy logic expert system to
identify lung areas which have become more open or more overdistended (or more
collapsed or less overdistended for case of a decrease in PEEP). Rather than assuming
uniform airway pressure, functional images of tidal changes were analyzed in tandem with
volume change images to determine the direction of each pixel’s movement along its P-V
curve, and thus allow detection of the events of interest.


fEIT images of low tidal variation

A simple approach to tissue classification is to determine all lung regions which have no – or
very small – contribution to the global image amplitude. The approach of (6) identified so
called “silent spaces” as those image pixels in which the normalized TV is less than a
threshold of 10%. We propose the terminology “low tidal variation” regions as a more
general synonym for “silent spaces”. The advantage of this approach is its simplicity over a
classification into collapsed or overdistended categories, since a lung region with low TV
may have many possible causes, including overdistension, collapse or pneumothorax.

Robustness of fEIT approaches
Functional imaging approaches are an exciting aspect of EIT image analysis, since these
images provide the connection between the raw EIT waveforms and the regional behavior of
lung tissue. There is an active development of fEIT strategies to make them more robust
and clinically useful. One key question in the selection of fEIT approach is the extent to
which a given approach is sensitive to the sources of noise and artefact (e.g. low electrode
contact quality) that may occur in EIT signals. There is clear evidence that some fEIT
strategies are more robust than others. Pulletz et al. studied the impact of fEIT on the
quantitative assessment of ventilation distribution (30). Hahn et al. compared their response
to noise in a simulation study (31).
To illustrate these differences, the figure E4.13 compares three types of fEIT
calculations used to measure regional ventilation amplitude, and described in the sections
above: SD, regression and TV fEIT images. When EIT raw data are of high quality and
interference is low, all these types of fEIT deliver similar images (Figure E4.13, top).
However, real EIT measurements, especially over prolonged times, often show sources of
interference (Figure E4.13, bottom). In this case, the most robust is the calculation of TV
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fEIT images, since this type of fEIT updates its baseline with every breathing cycle by
subtracting end-expiratory EIT images from end-inspiratory images. Hence, it can reduce
the errors caused by measurement drift (Figure E4.13, bottom right).

Figure E4.13. Comparison of fEIT images of regional ventilation amplitude calculated from
EIT measurements on a patient during long-term monitoring during weaning. Three image
calculations are shown:

standard deviation fEIT (left column), regression fEIT (middle

column), and tidal variation fEIT (right column). The top row shows images for the same
data set, over a short period when no signal drift was present. The bottom row shows a
subsequent long period with drift in the raw data (e.g. change of contact impedance,
electrode movement). While all fEIT approaches appear similar without signal drift, the tidal
variation fEIT with continuously updated baseline is the most robust in the presence of drift.
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