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Personalized approach in defining the level of interest during lung electrical
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Electrical impedance tomography (EIT) is a non-invasive method for personalized monitoring of lung ventilation
at the bedside. Although for years in clinical practice there are no clear recommendations for optimal placement of
the electrodes. The objective is to develop a protocol for defining the level of interest, electrode belt positioning and
individualized reconstruction of the EIT images. A computed tomography (CT) scan analysis is used for defining
the level of interest and providing reference points for belt positioning. The margins of the patient’s thorax are deter-
mined by applying a fem mesh to the CT image. Subsequently the raw data from the EIT is reconstructed within the
individualized contour of the thorax reflecting the body structure of the patient. Applying the protocol for defining a
level of interest, belt positioning and individualized reconstruction of the EIT images resulted in significant conform-
ity between the lung areas on the CT image and the reconstructed EIT image taken at the corresponding thoracic level.
Thus, the limitations for placing the EIT belt at different, than initially recommended positions are surmounted and
indications for potential clinical application of EIT in conditions which are characterized by heterogeneously dissemi-
nated or solitary lesions. The personalized approach in EIT application reveals its potential to support the optimization
of mechanical ventilation according to the individual condition and disease, especially in case of heterogeneously
disseminated or solitary lesions.

Keywords: EIT, electrode belt positioning, personalized monitoring, mechanical ventilation.

INTRODUCTION clear recommendations for optimal placement [12]
of the EIT electrodes. It is caused by the absence
of instructions on determining the level of interest.
Thus, there is no possibility to correct the data of
i ; ) R the raw EIT images in accordance with the patient’s
lation aF the bedgde. The EIT devices are signifi- anatomic characteristics and create reliable images
cantly 1n.f0.rmatlve [4] about .the heterogeneops with high resolution. Nevertheless, the application
characteristics [5.] of lung .fl'mctlon, caused by dif- ¢ e EIT at certain levels [13] of the thorax re-
ferent pathological conditions [6-9]. Although .t it ability to assess the pathological process

four decades in clinical practice [10], its potential development if it is located elsewhere. Therefore,

is not fully.reyeal.ed. The informational value of . goal is to develop a protocol for defining the
the method is significantly reduced [11] due to the o1 of interest, electrode belt positioning and indi-

fact that Fhere are no gqldehnes for sufficient per- | jualized reconstruction of the EIT images.
sonalization of the acquired data. There are several

reasons that limit EIT application in the intensive
care units, narrowing its use. The first is the lack of MATERIALS AND METHODS

Electrical impedance tomography (EIT) is de-
signed and promoted as a noninvasive method [1]
for personalized monitoring [2, 3] of lung venti-

A retrospective analysis of anonymized raw data
* To whom all correspondence should be sent: from the EIT .monlt(_)r (SWISS'.[OHI BB2 EIT.MOHI'
E-mail: ivaylo.minev@mu-plovdiv.bg tor) in comparison with thoracic CT scans (Siemens

© 2023 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 75



1. Minev et al.: Personalized approach in defining the level of interest during lung electrical impedance tomography

Somatom Definition AS) was performed. There was
used data of patients with lung contusion, admitted
in the ICU of the Department of Anesthesiology and
Intensive care, University hospital “St. George” —
Plovdiv, Bulgaria. Based on analysis of thoracic CT
scans the level of interest was defined as the most
significant intersection between the injured lung
zones and the plane where the electrodes for EIT
should be placed. According to the study protocol a
radiologist proposed appropriate anatomical mark-
ers on the patient’s skin. These reference points
were used to guide the placement of the belt with
EIT electrodes. A two-dimensional fem mesh was
created. The spatial determination of the thoracic
borders was made by placing the fem mesh onto
the CT scan image taken at the level of interest and
adjusting the mesh to the contour of the patient’s
thorax. The raw EIT data was processed within this
personalized contour, followed by a reconstruction
of the raw EIT image, reflecting patient anatomical
characteristics.

RESULTS AND DISCUSSION

Some pathological processes cause heteroge-
neous lung tissue [14] alteration, which does not
correspond to the recommended levels [12] for
positioning of the EIT belt thus compromising the
conclusions [15] of the EIT results. The areas af-
fected by these conditions could be identified by
more comprehensive image diagnostic methods like
CT and MRI. We provide researchers with meth-
odology for reasonable definition of unconventional

levels of interest determined by the location of the
lesion and how to define the EIT belt positioning.
In our protocol we have chosen the CT image as a
reference method.

Process description

Based on the CT scan analysis we define the
level of interest (topographically described with
skin markers and angle) as the slice containing the
largest area of the investigated pathological process
(Fig. 1).

This determines the level of the EIT belt posi-
tioning. Such positioning ensures that the raw EIT
image will contain the required information for de-
scription of the injured zones.

According to the study protocol a radiologist
proposed appropriate anatomical markers on the
patient’s skin. These reference points were used to
guide the placement of the belt with EIT electrodes
(Fig. 2).

The initial EIT image by default has a circular
shape (Fig. 3) that does not correspond to the con-
tour of the patient’s thorax. Therefore, the primary
signal in every pixel of the raw image will not cor-
rectly represent the impedance values generated in
the patient thorax.

To overcome this discrepancy, the initial image
should be reshaped in order to match the real con-
tour of the patient thorax. To support the EIT image
reconstruction optimization, we provide a rationale
on how to use a fem mesh for precise matching of
the intersection of the patient thorax obtained by CT
with the EIT image and increase the informational

Fig. 1. A CT scan of a patient with chest trauma.
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Fig. 2. CT reconstruction of the body with distance to the skin
markers.

Fig. 3. Initial non-personalized EIT image.

value of the functional EIT images taken at uncon-
ventional levels of interest.

We created a two-dimensional fem mesh of 16
cartesian points - 4 pivotal points defining the anter-
oposterior and transverse diameters of the patient’s
thorax, one constrained center, 3 points on each
quadrant (Fig. 4).

There are some constraints. The points of the
mesh could not be too close or too distant or over-
lap the rule of the mesh, the topology could not be
folded, because it will create null value [16]. The
CT scan image is used for measuring 4 points de-
fining antero-posterior and transverse diameters
of the thorax. Following that a reference image of
the CT scan at the level of interest (angle, points)

Fig. 4. The fem-mesh over imposing on to the CT scan.

is generated. The reference image size must be at
least 512x512 pixels with resolution of minimum
20 pixels per cm?. Placing the points of the mesh
on the contour of the patient’s thorax (Fig. 4) on the
reference image results in spatial definition of the
thoracic borders.

The primary use of the mesh is to calculate data.
We start with normalized condition and create a
reconstruction of the image. We do the image re-
construction with a fem model of more than 20000
elements which describes a standard thorax with a
resolution better than around 5x5 mm.

Following algorithm optimization and fine tun-
ing, higher resolution of the EIT image is achieved.
After the EIT scan is obtained the raw file of numer-
ical data from the EIT device is imported into the
fem model and a new personalized static EIT image
is generated. The data is processed by input filter
— the voltage is being calculated out of current and
impedance pairs and oversaturated and poorly satu-
rated leads are taken out. The result is 32x32(1024)
voltage measurement used by inverse solver [17] to
create the static image on the fem model created by
a specific mesh matching the CT image.

The result is a color-coded two-dimensional fem
diagram representing the body composition of the
patient in that specific slice. It contains no patient
identification or protected data information. This
personalized static EIT image should “perfectly” fit
over an imposed CT scan taken at the same level of
interest. The degree of match between the EIT static
image and the CT scan is assessed by calculating
the % of overlapping conformity.
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Protocol application

On Figure 1 a thoracic CT scan of a patient with
lung contusion is presented. The level and the an-
gle of positioning of the electrodes is defined by the
plane with the largest intersection with the injured
zones (the lung contusion — LC, the infiltrative
changes — INF and the pleural effusion — PLE). This
level (indicated in green) is significantly higher than
the recommended by the vendor V intercostal space
(indicated in red). Therefore, in patients with lung
contusion at a level different than the recommended
level of belt positioning, following the vendor’s in-
structions would not result in reliable information
about the distribution of lung ventilation in the in-
jured zones.

Figure 3 displays a non-personalized EIT image
of the same patient. By definition it is constructed
within the contour of a circle. The resolution is low
and the correspondence to the real patient’s thorax
anatomy is weak. Furthermore, the initial recon-
struction is made according to a shape of a thorax
transection at level of fifth-sixth intercostal space
of an ideal patient and a blend covering the thoracic
wall and mediastinum is used (Fig. 5).

The application of the protocol for defining the
level of interest, electrode belt positioning and indi-
vidualized reconstruction of the EIT images, result-
ed in significant conformity between the CT scan
and the EIT image taken at the same thoracic level
(Fig. 6).

The impedance was not equally distributed. Sev-
eral abnormality zones were marked and compared
with the corresponding zones of the CT image. The

Fig. 5. EIT image with over-imposed blend.

visual analysis revealed considerable sensitivity of
the EIT to gas and water distribution [18, 19].
Dorsally and bilaterally on the EIT image an im-
pedance abnormality with horizontal ventral border
was observed. On both sides of the CT scan signs
related to water accumulation were visible. On the
left there was pleural effusion — PLE and on the right
infiltrative process — INF. It is important to point out
that the ventral margin of the pleural effusion on the
CT scan matched the change in the impedance distri-
bution on the EIT image. In contrast, the ventral mar-
gin of the infiltrative process was lower than the cor-
responding change in the impedance, suggesting that
the electrical impedance tomography provides higher

Fig. 6. The personalized EIT static image in comparison to the CT scan.
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sensitivity to the changes in water distribution than
the CT scan but lower resolution. EIT abnormalities
reflect the tissue function alteration and visualize
prospective changes prior organizational structural
changes [20]. Different factors affect the water ac-
cumulation and the impedance changes in these two
pathological focuses. Pleural effusions are poor of bi-
ological membranes in the liquid [21-23] and gravity
is a major factor. The infiltration is related to inflam-
mation that results in water accumulation in the lung
tissue due to changes in biological membrane perme-
ability and is dependent on gravity and lung tissue
architecture (vascularization and ventilation in the
segments). In these regions restricted distribution of
ventilation [24, 25] is observed on dynamic images.
Considering the differences in the pathophysiology
further investigation should be performed.

CONCLUSIONS

The protocol for defining the level of interest,
electrode belt positioning and individualized recon-
struction of the EIT images overcomes the limita-
tions for placement of the electrode belt at levels
different than the initially recommended. In addi-
tion, it improves EIT clinical application for optimi-
zation of lung ventilation monitoring. Furthermore,
the protocol reveals the potential of the EIT to be
used for monitoring the dynamics of the lung injury
in conditions, characterized by heterogeneous dis-
semination or solitary lesions.
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