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ABSTRACT Dehydration treatment is commonly applied to treat intracranial hypertension. We previously
utilized electrical impedance tomography (EIT) for noninvasively monitoring the efficacy of dehydration
treatments and found it could provide references for the rational use of dehydrating drugs. In addition to brain
tissues, scalp undergoes dehydration and can cause impedance changes, which may hamper the monitoring
results of intracranial dehydration through EIT. To address this problem, we first conducted simulation and
animal experiments to evaluate the impact of scalp dehydration on the monitoring results of EIT during
dehydration treatments. With the priori of the spatial distribution of brain structures and the statistical results
of the contribution of scalp dehydration to the intracranial reconstructed values of the EIT images obtained
from animal experiments, we then proposed a weighting algorithm to reduce the impact of scalp dehydration.
The experimental results showed that scalp impedance changes would to some extent reduce the accuracy
of EIT in imaging intracranial resistive perturbation and account for 16.7% in overall changes of EIT signal.
With the modified algorithm, 69.6% of reconstructed values of scalp dehydration in EIT images were
eliminated. And the image contrast (IC) of reconstructed EIT images was improved by 21.0%. Therefore,
we conclude that scalp dehydration influences the accuracy of EIT in reflecting intracranial dehydration and
our proposed method can reduce the impacts of scalp dehydration.

INDEX TERMS Intracranial hypertension, electrical impedance tomography, dehydration treatment, mod-
ified reconstruction algorithm, rabbit model.

I. INTRODUCTION commonly applied to reduce elevated intracranial pressure

Electrical impedance tomography is a non-invasive, low cost
and real time imaging method, which has been widely studied
in biomedical fields including in the imaging of ventilation,
brain function, brain injury, and gastric motility [1]-[4]. Our
group had been working on brain EIT and explored many
possible clinical applications for it.

Intracranial hypertension is a severe pathology in brain
which can cause reduced cerebral blood supply, neurological
damage and even death [5]. Dehydration treatment is
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(ICP) [6]. However, patients may have different sensitivities
to dehydration drugs. The improper use of drugs can not
only cause problems in controlling the ICP but also lead
to side effects. For example, the repeated use of manni-
tol with excessive dosage may harm renal function, cause
“rebound” phenomenon, and aggravate cerebral edema [7].
Hence, a device that can monitor the efficacy of dehydration
treatments is required to provide references for personalized
medication [8].

In [9], Fu explored the use of dynamic EIT to monitor brain
impedance changes of patients with dehydration treatments.
The results demonstrated that by classifying the variation
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trends in the brain EIT signals, we could evaluate the effi-
cacy of dehydration treatments in reducing ICP and estimate
the sensitivities of different patients to mannitol [10], [11].
Additionally, the EIT images showed promise in reflecting
the dehydration effects in the different areas of the brain.

In other applications of brain EIT, including imaging brain
functions or brain injuries, the resistive perturbations due to
physiological or pathological changes occur only inside the
brain [12], [13]. But in monitoring dehydration treatments,
the scalp itself undergoes dehydration and has impedance
changes. Moreover, as brain EIT requires placing electrodes
on the scalp for measurement [13], [14], the dehydration
results of the scalp will be involved in the monitoring results
of brain EIT, which might reduce the accuracy of brain EIT in
reflecting intracranial dehydration. To accurately evaluate the
position and degree of intracranial dehydration by EIT, it is
necessary to evaluate the influence of scalp dehydration and
propose methods to reduce its impacts in this study.

To investigate the influence of scalp on the imaging results
of EIT, a 3D simulation rabbit model with layer structures
was built [15], whereby we could analyze the intracranial
current density and compare the imaging results of EIT with
and without scalp impedance changes. Then, in animal exper-
iments, we inserted an insulating material between the skull
and scalp of a rabbit so that the scalp impedance changes dur-
ing the dehydration could be solely measured, and the ratio
of the scalp measurement in the EIT signals was estimated.

To reduce the influence of scalp dehydration, with the
priori of the brain structure, we can eliminate the unwanted
reconstruction results in the scalp and skull areas of the
EIT images [16]. Subsequently, with the imaging results of
the dehydrations of the scalp and the entire brain obtained
from animal experiments, we can compare the reconstructed
intracranial impedance changes in the EIT images in the
above two cases. Thus, the contribution of scalp dehydration
to the reconstructed values in the intracranial area of the
EIT images can be estimated and used as a scale factor to
reduce the impact of the scalp dehydration. Based on the
above analysis, we proposed a weighting matrix for the EIT
algorithm and tested its performance based on simulation
experiments.

The experimental results showed that scalp dehydration
can lead to changes in the EIT signals and to some extent
affect the accuracy of the EIT in imaging intracranial resistive
perturbation. After processing with the modified reconstruc-
tion algorithm, the impact of scalp dehydration was reduced,
and the EIT could reflect the intracranial dehydration with
improved accuracy.

Il. MONITORING DEHYDRATION TREATMENT

WITH BRAIN EIT

In monitoring dehydration treatments for patients with
cerebral hypertension, as displayed in Fig. 1(a), a set of
EIT electrodes was evenly placed on the scalp of the
patients, through which safe currents (1 mA, 50 kHz) were
injected into patients and the responding voltage changes
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FIGURE 1. lllustration of the brain EIT system for monitoring dehydration
treatments: (a) EIT electrodes, (b) Hardware and software (c) Finite
element head model for image reconstruction.

were measured based on the instrument FMMU-EIT5 [10],
as shown in Fig. 1(b). The measurement accuracy and com-
mon mode rejection ratio of this brain EIT system is 0.01%
and over 75 dB. For image reconstruction algorithm, we used
the optimized NOSER algorithm, which has shown good
accuracy for imaging large-area resistive perturbation due
to brain dehydration [17]. Fig. 1(c) shows the finite element
model (FEM) with brain geometric boundary and three layers
for image reconstruction [18]. The imaging speed of EIT in
this application was maintained at 1 image per second, and the
monitoring last for approximately 3 h. The reference frame
was obtained by averaging 200 frames before the infusion of
mannitol agent. And regularization parameter was selected
using the noise level based method [19].

With the monitoring results of EIT, the total boundary
voltage (TBV) and average reconstructed value (ARV) in
area I" were calculated to analyze the efficacy of dehydration
treatments.

With the measured boundary voltages, we could calculate
the TBV at the time constant 7:

n
TBV() = ) _ Ui(1) M
i=1
where Uj(t) is the boundary voltage measured by EIT at the
time constant 7, and »n is the number of elements in U;(t).
In the previous study, we found the classification results of
TBV curves of different patients according to their variation
trends corresponded to different efficacies of the mannitol in
reducing ICP [11].
Then, with the reconstructed EIT images, we define the
ARV in area I' as:

mr
ARVIr=(}_ 8pilr)/mr @
i=1
where mr represents the number of elements in I, and ;|
is the reconstructed value of the ith element in I". In mannitol
dehydration, ARV|r can be used to analyze the dehydration
inT.

In dehydration treatments, the reduction of elevated ICP
is only related to dehydration of intracranial tissues. How-
ever, mannitol would inflow into blood vessels and cause
dehydration to all body tissues. The blood vessels of scalp is
rich so the scalp will also has dehydration and its impedance
changes will be involved into brain EIT images and signals.
As dehydration of scalp and intracranial brain tissues occur
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simultaneously and their signals can’t be discriminated with
frequency characters, so the scalp dehydration would disturb
EIT in reflecting intracranial dehydration. In the following
sections of the study, we will evaluate and reduce the impacts
of scalp impedance changes in results of brain EIT in moni-
toring dehydration treatments.

Ill. EVALUATION OF THE INFLUENCE
OF SCALP DEHYDRATION
In this section, we design simulation and animal experiments
to evaluate the impacts of scalp dehydration in monitoring
brain dehydration treatments with EIT by answering the two
questions:

(1) How do changes in the scalp impedance affect EIT in
the imaging of intracranial resistive perturbations?

(2) What is the contribution of impedance changes to the
EIT signal in dehydration treatments?

A. THREEE-DIMENSIONAL SIMULATION

RABBIT HEAD MODEL

To investigate the influence of scalp dehydration in the imag-
ing results of EIT, we constructed a three-dimensional (3D)
FEM rabbit head model, as shown in Fig. 2(a), using COM-
SOL [15], [18]. It is composed of 20,541 mesh elements and
has a three-layer structure, including the scalp, skull, and
brain parenchyma. In the 3D rabbit head model, the resistivity
values of the scalp, skull, and parenchyma were set to 2.27,
83.3, and 6.71 /m, respectively, by referring to the data pro-
vided by Tang [20]. Eight Ag/AgCl electrodes were evenly
placed in the form of a ring shape on the scalp. Based on this
model, we can increase the impedance of the brain tissues to
simulate brain dehydration and generate the simulated EIT
data for further analysis. Fig. 2(b) shows the 2D FEM model
for image reconstruction. This model has 480 elements, com-
prising three layers including scalp, skull, and parenchyma.

(a) \

FIGURE 2. Generation of a 3D rabbit head model.

B. SIMULATION EXPERIMENT

Based on the above 3D model, we investigate how scalp
impedance changes would influence the imaging results of
EIT in monitoring intracranial dehydration treatments.

First, in imaging intracranial dehydration, brain EIT should
be sensitive to impedance changes inside the brain. However,
the increase of resistivity of scalp due to dehydration may
block the flow of the excitation currents into the brain. The
detection sensitivity of brain EIT is proportional to current
density [21]. So we propose the metric current density (CD)
and compare its values with or without increase of impedance
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changes::

8V;
CD; = — (3)
pidi
where CD; is the current density, 6V; is the drop in voltage,
pi s the resistivity, and a; is the size of the i th element.
Second, EIT images are expected to reflect dehydration
effects in different areas of the brain. So, we will simu-
late areas with bad dehydration and compare the imaging
results with or without scalp impedance changes. And metrics
including image contrast (IC), location error (LE) and Image
correlation coefficient (ICC) are introduced to evaluate the
quality of reconstructed EIT images [22].
In the reconstructed EIT images, the ARV in the interested
area I" is ARV|r while that of the entire image is ARV|yy;.
Therefore, the IC for I can be calculated as:

ARV
ARV|yy

where ICt represents the contrast between the average recon-
structed value in I" and that of the entire area of the image.

The centers of gravity of the I' in the reference and
reconstructed EIT images are denoted by (x(I;G, yZG) and
(ng, ng), respectively. Accordingly, the LE can be calcu-
lated as:

LE = sqrt(xgg — x&6)* + Obg —vee)DH/L ()

where [ represents the length of the long axis of the brain
model.

The ICC measures the overall differences between the
reconstructed and reference EIT images. We define it as:

m
R
Y- (6pkec — 5p/*!)

“

r

Icc == (©6)
R
(3 80, )/m
i=1
where 8,01.’?“' and (S,O;e Y are the impedance changes of the

i th element in the reconstructed and reference EIT images,
respectively.

C. ANIMAL MODELS

This study was approved by the Animal Research Ethics
Committee of the Air Force Medical University and con-
ducted following its guidelines on animal experiments.
Twelve rabbits from Switzerland (half male and half female,
weighing approximately 3.0 kg, Xi’an, China) were randomly
divided into two groups (k = 6 for each group). The rabbits
were anesthetized with Isoflurane (induction 5% and mainte-
nance 2%). As shown in Fig. 3(a), Group 1 consists of nor-
mal control rabbits. We placed eight electrodes on the scalp
of the rabbits after removing the hair on their heads. With
this model, we could image the entire cerebral impedance
changes through brain EIT after infusing mannitol. As shown
in Fig. 3(b), a plastic sheet is inserted between the scalp and
the skull of the rabbits so that the intracranial signal can
be shielded; thus, we could use EIT to solely measure the
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(b)

FIGURE 3. lllustration of animal models. (a) Scalp electrodes and rabbit
model for monitoring the dehydration of the entire brain, (b) Insulating

material and rabbit model for monitoring the dehydration of scalp,

(c) Image of monitoring brain dehydration and physiological parameters
of the rabbits.

dehydration of the scalp. Fig. 3(c) shows the image of the
animal experiments, in which we utilized EIT and physiolog-
ical monitoring to detect the brain dehydration and significant
physiological parameters of the rabbits after mannitol was
infused with a dosage of 0.3 g/kg [7]. All animal experiments
were conducted under the room temperature.

D. D ANIMAL EXPERIMENT

In animal experiments, we first evaluate the contribution of
the impedance changes of the scalp to the changes of EIT sig-
nals during mannitol dehydration treatments. With the models
shown in Figs. 3(a) and (b), we obtained the TBV of the
dehydrations of the scalp and entire brain tissues and denoted
them by TBV ¢4, and TBV 4, respectively. The contribution
of scalp dehydration to the EIT signal can be estimated as
TBVscalp/ TBVy.

Second, we reconstructed the EIT images of the dehydra-
tion of the scalp and entire brain. With the imaging results,
we can compare the reconstructed intracranial impedance
changes in the EIT images in the above two cases. Thus,
the contribution of the scalp to the reconstructed values in the
intracranial area of the EIT images could be estimated and
used as a scale factor to further reduce the impact of scalp
dehydration.

IV. THE WEIGHTING ALGORITHM FOR REDUCING
INFLUENCE OF SCALP DEHYDRATION

In the image reconstruction of EIT, the impedance
changes §p and measured EIT voltages §U have a linear
relationship [23]:

SU = Jyép N

where J) is the modified sensitivity matrix, proposed in [17],
used to optimize the imaging results of the large-area resistive
perturbation in dehydration treatments. As (7) is highly ill-
posed, we solve this equation by converting it as follows:

8p = argmin ||8U — Jydpl|* + A||RSp||> (8)

Based on (8), the brain impedance changes during the dehy-
dration treatments can be calculated as:

8pant = UIm + ARTR) T L 8U = 80imra + 805calp (9)
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FIGURE 4. lllustration of a 2D tomographic EIT image of scalp
dehydration.

where 8041, 80scalp, and 80y Tepresent the reconstructed
impedance changes due to the dehydrations of the entire
brain, scalp, and intracranial brain tissues, respectively.

As shown in Fig. 4, the reconstruction results of the scalp
dehydration 8pgcqp covers all the imaging domains in the
EIT images. Therefore, we can represent the reconstruction
results of the scalp as:

5pscalp | Csealp
8pscalp | Tskull (10)
5pscalp | Cintra

80scalp =

where Bpsculp|rsm1p, apscalplf‘skull , and (Spscalp | Lintra represent
the reconstructed impedance changes in the scalp, skull, and
parenchyma areas in the 2D EIT images, respectively, due to
scalp dehydration. With (10), 6p4y; can be rewritten as:

Spscalp Ir scalp

8pall = 5psculplrskull
8Pall ITinira
s.t. 5,0all|1‘,«,l,m = spscalplrimm + 8Pintra|Fimm (11)

In the modified algorithm, we take B = (JLJu +
ARTR)1J }5 as the reconstruction matrix. Therefore, (9) can
be rewritten as:

Spat = BSU (12)

From (12), we know that the elements in the i th column
of B determine the reconstructed value of the i th element.
Therefore, to reduce the impact of scalp dehydration and esti-
mate 8PintralT;,,,» WE construct a diagonal matrix W € R™""
to weight the elements in the i th column of B. Accordingly,
the modified reconstruction results can be rewritten as:

Based on the CT of the patients, we can obtain their EIT-CT
images so that the location of the elements can be determined.
With the above priori, the i th diagonal element of W can be
set as:

0 if i € Tscalp or i € Ugunt
_ mean(ﬁpscalp | Cintra )
mean(3pqy |0

w; =

lf e € l-‘intra
im‘m)

(14)
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where w; represents the i th diagonal element of W, and ¢; is
the i th element of §p. For the elements in the scalp and skull
areas of the EIT images, w; = 0. Therefore, the unwanted
reconstruction results Spscalph_'sm]p and 8pscalplr,,, can be
eliminated. For the reconstruction results in the intracranial
area of the EIT images, we can estimate the contribution
of the scalp impedance changes to the reconstructed values

in [y from the results of the animal experiments. Thus,
mean(8pscalp| Cintra ) .
Rre - to reduce the impact of the
scalp on the imaging results in I'jq.

After the above processing, the weighted solution 8o/, will

be approximately equal to §0insrq.

wesetw; =1 —

V. RESULTS

A. RESULTS OF EVALUATION EXPERIMENTS

In this part, we show the results of the simulation and animal
experiments for evaluating the impact of scalp dehydration on
the monitoring results of brain EIT in mannitol dehydration.

1) RESULTS OF SIMULATION EXPERIMENTS

In the simulation experiments, we first compared the
detection sensitivity of brain EIT with and without scalp
impedance changes based on the 3D simulation rabbit head
model. As shown in Fig. 5(a), the impedances of the scalp
and intracranial brain tissues are increased by 10% to sim-
ulate the dehydration. And in Fig. 5(b), we only increased
the impedance of intracranial tissues. The excitation cur-
rents were injected via the electrodes 1 and 5. As shown
in Figs. 5(c) and (d), we compare and show the plots of the
EIT current density in the brain with and without the scalp
impedance changes. In the plots, the red and blue colors
indicate the large and small amplitudes of the current density,
respectively. The results show that without an increase in the
scalp impedance, the excitation current magnitude inside the

FIGURE 5. Comparison of the current density inside the brain with and
without scalp impedance changes. (a): Simulation rabbit head model with
increase of scalp impedance. (b): Simulation of rabbit head model
without scalp impedance changes. The red and blue arrows here
represent the injection of excitation currents. (c) The distribution of
current density with scalp impedance changes. (d) The distribution of
current density without scalp impedance changes.
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brain is higher. As EIT is more sensitive to intracranial resis-
tive perturbation with an increase in the excitation currents
[24], scalp impedance changes could affect EIT while detect-
ing intracranial dehydration. With the results shown in Fig. 4,
we calculated the average values of the intracranial current
density (CD) in the above two cases; they were found to be
0.28 and 0.32 A/m?, respectively. Therefore, the detection
sensitivity of brain EIT decreased by approximately 12.5%
due to scalp impedance changes.

Fig. 6 shows the imaging results of the EIT for the dehydra-
tion treatments with and without scalp impedance changes.
In Figs. 6(a) and (c), spheres with a radius of 0.125 cm are
inserted at different locations of the simulation head model.
The resistivity of the targets was set to 6.71 /m, which
is the same as that of brain parenchyma. With the spheres,
we could simulate that there was no dehydration in these
areas. Figs. 6(b) and (d) show their imaging results with and
without scalp impedance changes, respectively.

The results show that when the scalp exhibits impedance
changes, the image contrast decreases, which is not con-
ducive to distinguishing areas with bad dehydration. In Fig. 7,
we compare the IC, LE, and ICC of the imaging results
obtained with and without scalp impedance changes. Due
to the impedance changes of the scalp, the IC decreased

y
q
1]
]
I
)
A

)

>

“A‘nm

Vivavavavaravarsearaniy

=
X

7
D=L

A

A i O

¥

e
7]

K]

e
AVANAN)

vy,
AV v

0.0

FIGURE 6. Imaging results of intracranial dehydration with and without
scalp impedance changes. (a) Simulation of dehydration of the entire
brain, (b) Imaging results of brain dehydration with scalp impedance
changes, (c) Simulation of dehydration of intracranial brain tissues,

(d) Imaging results of brain dehydration without scalp impedance
changes.
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FIGURE 7. Quantitative evaluation results of the reconstructed EIT images
with and without scalp impedance changes. IC, LE, and CC are the image
contrast, location error, and correlation coefficient of the images,
respectively.
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FIGURE 8. Plots of total boundary voltage (TBV) changes during the
dehydrations of the entire brain (a) and the scalp (b).

from 0.303 + 0.09 to 0.243 £ 0.08 and the ICC from
0.653 £+ 0.02 to 0.573 + 0.05. The LE had no obvi-
ous changes. Based on the quantitative evaluation results,
we found that an increase in the scalp impedance can to some
extent reduce the image quality of brain EIT.

2) RESULTS OF ANIMAL EXPERIMENTS

In the animal experiments, based on the models shown in
Figs. 3(a) and (b), we first measured the voltage changes due
to the dehydrations of the scalp and the entire brain using EIT.
Fig. 8 shows the TBV curves in the above cases.

Fig. 8(a) shows the TBV curves for the dehydration of the
scalp, denoted by TBV 4. Fig. 8(b) shows the TBV curves
for the dehydration of the entire brain, denoted by TBV;.
Based on the above results, we calculated the maximum
changes in the TBV in the two cases, as listed in Table 1. From
the results, we found that the contribution of the impedance
changes of the scalp to the EIT signals is approximately
16.7%. Therefore, it would be more accurate to assess the
effects of dehydration inside the brain if we can eliminate the
measurements of scalp dehydration.

105052

TABLE 1. Maximum changes in TBV in the monitoring of intracranial and
scalp dehydration.

max -5 _
The order of rabbits TBV,,;" (x107 V) TB Swlp (XIO 5 V)
1 8.85 1.83
2 9.44 1.37
3 8.69 1.36
4 8.26 1.20
5 7.45 1.04
6 7.22 1.60
Mean+std 8.35+0.82 1.40+0.28
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FIGURE 9. Imaging results of dehydration of the entire brain (a) and scalp
(b) in animal experiments.

Based on the above measurements, shown in Fig. 9,
we reconstructed the impedance changes of the entire brain
tissues and the scalp at the time when the effects of the
dehydration treatments reached their peaks. We denote the
reconstruction results in Fig. 8(a) and (b) as §pa; and §pscaip,
both of which cover all the domains in the 2D EIT images
including the scalp, skull, and intracranial areas. With §p,j;
and Spscalp Pall | Ty ANA 8Pscalp| Uiy, could be obtained.
The averages of 6041, and 80scalp|T, are 0.092 and
0.61 Q/m; from this, we find that the contribution of scalp
dehydration to the reconstructed impedance changes in the
intracranial area in EIT images is approximately 15.2%.

With this result, we can set the weighting coefficient cor-
responding to the elements in the intracranial areas as 0.848
(1-0.152) to reduce the reconstructed impedance changes due
to scalp dehydration.
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FIGURE 10. Imaging results of brain dehydration with and without scalp
impedance changes using different methods. (a) Simulation of brain
dehydration with scalp impedance changes, (b), (c) Reconstruction results
of brain dehydration with scalp impedance changes using the previous
and the proposed algorithm, (d) Simulation of brain dehydration without
scalp impedance changes, (e) Reconstruction results of brain dehydration
without scalp impedance changes using the previous algorithm.

B. RECONSTRUCTION RESULTS OF THE

MODIFIED ALGORITHM

In this part, we report the results of simulation experiments
conducted to test the performance of the weighting algo-
rithm. First, in Fig. 10, we tested whether the proposed
algorithm could reduce the reconstruction results of scalp
dehydration in the EIT images. In Figs. 10(a) and (d),
we simulated the brain dehydration with and without scalp
impedance changes, respectively. The impedance of the scalp
and intracranial brain tissues were also increased by 10%,
the same setting as in the above simulation experiments.
In Figs. 10 (b) and (c), the EIT images of brain dehydration
with scalp impedance changes were reconstructed using the
previous and proposed algorithms. From the imaging results,
we find that with the weighting matrix, the unwanted recon-
structed values in the scalp and skull areas are eliminated.
Fig. 10(e) shows the reconstruction results of intracranial
dehydration without scalp impedance changes based on the
previous algorithm. The ARVs of the imaging results, shown
in Figs. 10(b), (¢), and (e), are 0.208, 0.186, and 0.162 2,
respectively. In reconstruction results of the proposed algo-
rithm, the ARV due to scalp dehydration decreased from
0.046 to 0.014 2. So, 69.6% ((0.046-0.014)/0.046) of the
reconstruction values due to scalp dehydration in EIT images
were removed.

Then, in Fig. 11, we tested whether the proposed method
could improve the image quality of brain EIT in imaging bad
dehydration areas inside the brain. In Fig. 11(a), we simulated
areas inside the brain with bad dehydration. We then recon-
structed the EIT images shown in Figs. 11(b) and (c) with the
previous and modified algorithms, respectively. The imaging
results show that the reconstructed areas with bad dehydration
in the EIT images obtained by our method were more obvi-
ous. Based on the imaging results, we compared their IC. The
IC values for the images in Fig. 11(b) and (c) were 0.243 +
0.08 and 0.294 £ 0.09, respectively. The IC was improved
about 21.0% with the proposed algorithm. Therefore, our
proposed method could enhance the image quality of EIT
with disturbance from the dehydration of scalp during the
imaging of brain dehydration.

VI. DISCUSSION
Monitoring intracranial dehydration treatments using brain
EIT is a promising approach as it provides references for the
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FIGURE 11. Imaging results of areas with bad dehydration effects inside
the brain using the previous and proposed algorithms. (a) Simulation of
areas with bad dehydration effects, (b) Reconstruction results using the
previous algorithm, (c) Reconstruction results using the proposed method.
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rational use of drugs. In this novel application, in addition
to brain tissues, the scalp exhibits impedance changes during
the dehydration. which can affect the EIT monitoring results.
The EIT signals corresponding to the dehydrations of scalp
and intracranial tissues change simultaneously and cannot be
distinguished from frequent characteristics. To enable EIT to
reflect intracranial dehydration more accurately, we evaluated
and proposed a method to reduce the influence of scalp
dehydration.

Based on the results of evaluation experiments, we found
that in the monitoring of intracranial dehydration, scalp
would not cause fatal errors in the EIT results but would
influence the results of EIT in following aspects:

(1) For the imaging results of EIT, an increase in the scalp
impedance due to dehydration would reduce the amount of
current flowing to the brain, which could lead to reduced
sensitivity of brain EIT to intracranial impedance changes.
In addition, the scalp impedance changes would to some
extent affect EIT in the imaging areas with bad dehydration
effects.

(2) For EIT signals, the voltage changes due to scalp
dehydration account for approximately 16.7%. Therefore,
EIT would reflect intracranial dehydration with improved
precision if we can reduce the impact of scalp dehydration.

In this study, a weighting algorithm was proposed to pre-
liminarily reduce the impact of scalp dehydration. In this
algorithm, to eliminate the unwanted reconstructed values of
the elements in the scalp and skull areas of the EIT images,
the weighting coefficients corresponding to these elements
were set to 0. From the results of animal experiments, the con-
tribution of scalp dehydration to the reconstructed values in
the intracranial areas of the EIT images was estimated to
be 0.152. Therefore, the scale parameter for the elements in
the intracranial areas was set as 0.848 (1-0.152) to make the
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reconstruction results only relate to the dehydration of the
tissues inside the brain.

With the above processing, the impact of scalp dehydration
could be understood and effectively reduced. However, there
were some several limitations in this study. First, in the animal
experiments, we inserted an insulating material between the
scalp and skull of the rabbits for solely measuring the dehy-
dration of the scalp. The plastic sheet did not cover the entire
head so the results may not be completely accurate. Secondly,
we estimated the contribution of scalp to the intracranial
impedance changes in the EIT images and utilized this sta-
tistical result to reduce the impact of scalp dehydration in the
modified algorithm. However, there might be measurement
errors which would make the algorithm inaccurate. In the
future, we will increase the number of samples in the animal
experiments for the more accurate estimation. Thirdly, the
performance of the proposed method was only verified based
on simulation experiments, we will construct more complex
animal models to test its performance and we would try to
apply it to 3D imaging [25].

VIi. CONCLUSION

Based on the experimental results of this study, we can
conclude that in the application of dynamic brain EIT to
monitoring intracranial dehydration treatments, the dehydra-
tion of scalp will to some extent reduce the detection sen-
sitivity of brain EIT, decrease the image quality and cause
unwanted changes in EIT measurements, which were not
favored in locating the area with bad dehydration and eval-
uating the degree of the dehydration of tissues inside the
brain. To reduce the impacts of scalp, we propose a novel
weighting algorithm using the priori of spatial distribution
of brain structures and the statistical results of contribution
of scalp dehydration to reconstructed values in intracranial
areas of EIT images obtained in animal experiments. With
this algorithm, the reconstructed values in EIT images due to
dehydration of scalp were suppressed and it could ensure the
imaging results of EIT to reflect distribution of intracranial
dehydration more accurately.
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