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Background. The presence of a noise component on 3D images of single-photon emission computed tomo-
graphy (SPECT) of a brain significantly distorts the probability distribution function (PD) of the radioactive
count rate in the images. The presence of noise and further filtering of the data, based on a subjective assess-
ment of image quality, have a significant impact on the calculation of volumetric cerebral blood flow and the
values of the uptake asymmetry of the radiopharmaceutical in a brain.

Objective. We are aimed to develop a method for optimal SPECT filtering of brain images with lipophilic
radiopharmaceuticals, based on a Gaussian filter (GF), for subsequent image segmentation by the threshold
method.

Methods. SPECT images of the water phantom and the brain of patients with *™"Tc-HMPAO were used. We
have developed a technique for artificial addition of speckle noise to conditionally flawless data in order to
determine the optimal parameters for smoothing SPECT, based on a GF. The quantitative criterion for optimal
smoothing was the standard deviation between the PD of radioactive count rate of the smoothed image and
conditionally ideal one.

Results. It was shown that the maximum radioactive count rate of the SPECT image has an extremum by
changing the standard deviation of the GF in the range of 0.3—0.4 pixels. The greater the noise component in
the SPECT image, the more quasi-linearly the corresponding rate changes. This dependence allows determin-
ing the optimal smoothing parameters. The application of the developed smoothing technique allows restoring
the probability distribution function of the radioactive count rate (distribution histogram) with an accuracy up
to 5—10%. This provides the possibility to standardize SPECT images of brain.

Conclusions. The research results of work solve a specific applied problem: restoration of the histogram of a
radiopharmaceuticals distribution in a brain for correct quantitative assessment of regional cerebral blood flow.
In contrast to the well-known publications on the filtration of SPECT data, the work takes into account that
the initial tomographic data are 3D, rather than 2D slices, and contain not only uniform random Gaussian
noise, but also a pronounced speckle component.
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Introduction

The main objective of scintigraphic studies of
brain with lipophilic radiopharmaceuticals is the
studying brain efficient perfusion. In this regard,
a method for quantitative assessment of absolute
volume of cerebral blood flow (CBF) was develo-
ped [1, 2]. The term "absolute" implies the calcula-
tion of CBF without reference to any segment of
the brain with known parameters of effective per-
fusion, for example, using the well-known Lassen's
method [3, 4]. Methodology and software for the
calculation of the CBF, developed by our working
group, make it possible to measure absolute values
of volumetric blood flow directly. The accumulated
clinical experience of calculation usage of the abso-

lute CBF method [1, 2] and the development of ap-
propriate software were resulted in a set of data ana-
lysis features [5].

The method is based on the fact that a brain is
represented as a flow system. In accordance with the
proposed model, a fluid with a volume velocity v
and a material with a concentration of z dissolve
flow to the container of volume V with ideal instant
mixing. A part of the material is specifically captured
by perceiving surface elements, another part is re-
moved from the tank. However, the effective volume
of radiopharmaceutical dilution in blood ¥V is not
equal to the volume of the brain (}}), but represents
a certain effective value (V < 15). The corresponding
empirical dependence was obtained for determining
the effective volume of radiopharmaceuticals dilu-
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tion in brain based on regression and statistical ana-
lysis. Based on this dependence, the threshold for
segmentation of single-photon emission computed
tomography (SPECT) data was determined. The
amount of voxels exceeds this threshold and is the
desired volume. Based on this method, clinical data
were obtained and their adequacy was indicated.
However, sometimes quantitative values of blood
flow inadequate to physiologically accepted values
were observed. The detailed analysis of such cases
showed that the main error of the calculations was
associated with the degree of smoothing SPECT im-
ages of the brain. The brain segmentation threshold
for determining the volume V is calculated from the
maximum accumulation of the radiopharmaceutical
in a brain. A similar approach was used, in particu-
lar, in analysis of brain by SPECT in the diagnosis
of Alzheimer's disease [6]. It should also be noted
that the quality of radionuclide images is limited not
only by hardware capabilities, but also by the num-
ber of radiopharmaceuticals administered to the pa-
tient and the functional state of other organs and
systems [7—9]. There are a significant shift of the
histogram of velocity distribution of radioactive
count rate (CR) and a change in the maximum
CR in smoothing SPECT. Due to the high level of
noise in SPECT images and low brain perfusion, ex-
tremely low values of CBF were observed; at a suf-
ficiently high accumulation of the radiopharmaceu-
tical in a brain, even minor smoothing led to inap-
propriately large values of CBF. In this regard, the
task was to determine the optimal degree of smooth-
ing of SPECT data. By optimal smoothing, we mean
the minimal 3D smoothing (filtering) of an image,
which makes it possible to bring the histogram
(probability distribution function) of the radiophar-
maceutical distribution in a brain to the condition-
ally necessary one in order to obtain adequate values
of V. At the same time, this filtering should not im-
pair perception of images at a qualitative visual level.

In this case, the criteria for assessing the quality
of filtering are the subjective visual assessment of the
image quality and the smallest Root Mean Square
Error (RMSE) of CR of the results for some condi-
tionally ideal image [10]. In the last case, the con-
ditionally ideal SPECT image is obtained when
conducting a study with a long exposure time of
one projection frame.

Based on the analysis of scientific literature and
our own experience in researching methods for de-
termining the optimal filtering of SPECT images,
we can point out the following methodological errors
and incorrect experimental design:

— images are often represented by regions with
a uniform distribution of brightness, while scinti-
graphic images, especially of patients, are always
gradient in computer modeling;

— incorrect artificial data noise;

— one SPECT image requires approximately
20—40 min, when carrying out phantom scintigra-
phic studies, which does not allow obtaining a suf-
ficient amount of data of different quality under
equivalent conditions, since radioactive decay occurs,
CR changes, the signal-to-noise ratio changes;

— in most cases, a small number of patient
images are analyzed;

— it is not taken into account that the textural
properties of SPECT can differ significantly from
the norm in case of pathologies [11].

As a result, the issue related to the optimal fil-
tering of medical images in a specofic SPECT brain
has not been completely resolved [12]. In addition,
the optimal filtering parameters depend on the pur-
pose and objectives of image analysis. For example,
visualization of images, their segmentation, quan-
titative and texture analysis may require different
approaches.

The aim of this work is to develop a method
for optimal SPECT filtering of brain images with
lipophilic radiopharmaceuticals based on a Gaussian
filter for subsequent image segmentation by the
threshold method.

Methods

The study has used SPECT images of the water
phantom and 20 patients with different levels of brain
perfusion, the change in the texture properties of
SPECT images depended on the filtering parameters.

The water phantom was a cylinder 20 cm in
diameter and 40 cm high. The exposure time of one
frame during studies with *"Tc-pertechnetate was
20s, 155, 10s, 5s; data collection matrix — 64x64
and 128x128, the activity — 50 MBq. To ensure
uniform distribution of **"Tc-pertechnetate in the
phantom, the initial amount of water in it was about
2/3 of the total volume. This allows shaking and
ensures good mixing. After that, the phantom was
completely filled with water and settled for about
20 min. The uniformity of radioactivity distribution
in the water phantom was monitored on planar (2D)
scintigraphic images. The correction for gamma ra-
diation absorption has not been taken into account
during the reconstruction of SPECT for obtaining
an uneven texture of the phantom SPECT image,
which is more similar to the distribution of the
radiopharmaceutical in a brain.
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Patients were examined using 99mTc-hexame-
thylpropyleneamine oxime (®™Tc-HMPAO). SPECT
was carried out 15—20 min after intravenous admi-
nistration of the radiopharmaceutical. The tomo-
graphic study included the collection of 64 projec-
tions for the matrix of 64x64 or 128 projections for
the matrix of 128x128, the activity of the radiophar-
maceutical when administered intravenously was
740 M Bq.

Scintigraphic data were obtained on a gamma
camera "E. Cam" (Siemens) equipped with a LEHR
collimator.

Image processing and analysis were carried out
in the Matlab 2018 environment in the application
"ScintyBrain" with the user interface developed by
the authors [5].

The obtained SPECT images were smoothed
by a Gaussian filter with the filter order [nx 1y n,] and
standard deviation [ox oy ©.]; nx = n, = n; = ny
oy = 6y = 6; = oy. nytook the values 3, 5, 7 and 9;
oy — from 0.1 to 7 in increments of 0.1. The optimal
smoothing parameters ny and cp were chosen by
minimum RMSE between the probability distribu-
tion functions (PD) of CR (p = f(Q)) of smoothed
SPECT images and conditionally ideal one. As the-
oretically ideal distribution functions, we considered
the distribution of the SPECT image matrix of
128x128 with an exposure time of one frame of 20 s.

SPECT images, selected by expert-qualitative visual
level, belonged to conditionally ideal PD of CR in
patients. All patients had the CBF of the brain hem-
isphere either within normal limits or increased,
which corresponded to a percentage of radiophar-
maceutical penetration into the brain of more than
3% of the administered activity. Also, to minimize
the influence of digital noise, the ideal SPECT im-
ages were smoothed by a Gaussian filter with ny = 3,
oy = 0.3. These are the minimum values at which
the minimal visual effect of smoothing is observed.
Based on the results of SPECT smoothing, we have
compared images obtained at different resolutions
and exposure times of one frame during the prelimi-
nary study. However, due to the duration of SPECT,
it is impossible to record a sufficiently large amount
of data under equivalent conditions for statistical and
regression analysis. So, an algorithm for noise reduc-
tion of conditional ideal images was developed. The
use of this algorithm made it possible to vary the
SPECT image quality over a wide range and to esti-
mate the optimal filter parameters. The noise distri-
bution was estimated by the difference between the
conditionally ideal images and SPECT obtained with
shorter frame exposure time for phantom images.
Graphical results of this analysis are presented in
Fig. 1, where O, — CR normalized by the maximum
velocity in the whole 3D SPECT image (QOmay).
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Figure 1: Evaluation of the spatial distribution of SPECT noise: (a), (b) transverse slices normalized to the maximum radioactivity of
the phantom image obtained at the exposure times of the projection frame: (a) 20 s, (b) 10 s; (c¢) differential SPECT image obtained
under conditions (a) and (b); (d), (¢) probability distribution function of 3D SPECT images for an exposure time of 20 s — 1, 10 s — 2;
(f) is a noise probability distribution function of the 3D difference image (c)
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The analysis of the data in Fig. 1 shows the fol-
lowing. With the decrease in the exposure time of
projection images, Oma can differ significantly (by
more than 5—10%) from the conditionally true value
in the reconstructed 3D image (Fig. 1d). This causes
the histogram or p = f{Q) to shift to the right.
As a result, the presence of the noise component
shifts p =f(Q,) towards lower values of the radioac-
tive CR after SPECT normalization to Qmay, i.€. to
the left (Fig. 1e). p = f(Q,) for the SPECT differen-
tial image; one of the sections shown in Fig. 1c
shows the normal Gaussian noise distribution (Fig. 1f).
This is one of the main features that led to the study
of the possibilities of using Gaussian smoothing in
this work.

However, Fig. 1c¢ indicates that the noise com-
ponent in SPECT images is represented by speckle
noise in the useful region (phantom region); thus,
the farther the phantom is from the center (the axis
of the gamma-camera detector rotation), the more
the speckle patterns are extended radially. In addi-
tion, it is noteworthy that the spatial distribution of
artifacts is qualitatively different in the useful region
and in the background one. Speckles associated with
the effects of a "star" (or "streak") artifact dominate
in the background region [13]. In this regard, the
optimal filtering (smoothing) parameters should be
different for the useful SPECT region and the back-
ground one. In this work, we study the optimal fil-
tering for a useful region, i.e. phantom or brain re-
gions. The threshold method was used to separate
the useful region from the background: the one
where Q(x, y, 2) > 0.15 Omax Was considered a useful
region. This also allows minimizing the influence of
the background on p = f(Q) and the subsequent
estimation of the standard deviation of the smoothed
images from conditionally ideal ones, since the
volume of the background region is quite large and
can exceed the useful region.

The latter feature has not been emphasized in
the literature. It should also be noted that the thre-
shold of 0.15Onax adequately separates the phantom
image from the background, since the boundary is
clear, while for brain images this value is ambiguous
due to the uneven distribution of the radiopharmaceu-
ticals. This complicates an unambiguous assessment of
the smoothing effect of brain SPECT. Howeyver, this
feature did not affect the general results of this work.

Thus, the SPECT image noise reduction algo-
rithm mentioned above is a speckle noise generation
technique whose probability distribution function
obeys the Gaussian distribution:

G(x, y,2)
_ 2 _ 2 _ 2
20x nois 20 ynois 2Gz nois

where G(x, y, z) is the Gaussian distribution of an
individual speckle-noise pattern, xo, yo, Zo are coor-
dinates of the pattern, oxnois, Gy nois, Gznois are standard
deviations, M is an intensity of the pattern.

The speckle-noise generation algorithm for
SPECT image is reduced to the following steps:

1. Downloading the original SPECT image (/)
and the formation of the 3D zero matrix ([;), size k.

2. Setting the noise parameters: maximum
intensity (My); Gxnois, Oynois, Oznois; the minimum geo-
metric size of the Gaussian speckle-noise pattern
dx, d,, d; number of iterations, i.e. the number of
patterns (»); the angle a in the xy plane with respect
to the centre of detector rotation, at which the
pattern will be blurred.

3. Specifying the region of noise (Q2). In this
paper, the useful volume was separated from the
background region based on the threshold segmen-
tation /. Q is the region where /, assumed values of
more than a given level (74) from the maximum
radioactive CR Quax.

4. Generation according to the uniform distri-
bution law of random coordinates (xo, o, 20) € Q and
noise intensity (M) according to the normal distribu-
tion law that limits the values of My (Me[-M,, +M,)).

5. The formation of the Gaussian speckle noise
pattern in the I, image according to the equation (1),
where x € [ xo — dv/2, x0+ d/2], y € [ yo — d,/2,
Wt dy/2l,zel2-d/2, 2+ d/2].

6. Transfering/stretching the pattern formed
in the previous step by the angle o parallel to the
xy plane.

7. Repeating n times for steps 4—6.

8. SPECT image formation of /g, with Gauss-
ian speckle noise by summing /, and I, and zeroing
the obtained negative values.

The following assumptions were made for
SPECT with the matrix of 128x128 by implementing
the above algorithm: oy=oc,=c=1.5; o,=0c/2;
d=d.=d, =d, (for the data acquisition matrix of
64x64: d = 3, 128x128: d = 5, 256x256: d = 7);
o = 26°, T, =0,15. The number of iterations is
n = 12000. Thus, the noise level of the Iz, image
and the distortion of the histogram of the CR dis-
tribution were determined by the parameter M, for
the indicated parameter values.
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Figure 2: Cross-section of a water phantom. An example of the SPECT distortion by speckle noise: (a), (b) initial phantom cross-
sections obtained at exposure times of one frame of 20 s (a) and 10 s (b); (c) the result of adding speckle noise to image (a); (d) the
probability distribution function of the normalized radioactive count rate: / — SPECT with a projection frame exposure time of 20 s,

2 — 10 s, 3 — after adding speckle noise

Results

Fig. 2 shows the results of artificial noise in
SPECT images of a water phantom based on the
developed algorithm. Histogram analysis of the cor-
responding 3D images indicates a fairly adequate
coincidence p = f(Q,) of the artificially noisy image
and SPECT (curves 3 and 2 respectively in Fig. 2g),
which was obtained with a reduced exposure time of
the projection frame during data collection.

Fig. 3 shows the result of changing the function
p =f(0,) depending on the maximum speckle-noise
intensity (M) (see (1) and Section 4 in the noise
generation algorithm in the previous subsection). As
M, increases, the maximum probability of the nor-
malized radioactive CR @, increases its value and
shifts toward lower Q, values; with increasing Mo,
the general form p = f((Q,) qualitatively retains its
shape, however, some smoothing of the characteris-
tic irregularities of the conditionally ideal curve is
observed (curve My in Fig.3). The heterogeneity
data has been restored after the optimal filtering
procedure.
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Figure 3: Change in the function p = f(Q,) depending on the
maximum intensity of speckle noise (M,): My = 0 — absence of
artificial noise; My < My, < Moy

The change in RMSE between the p = f(Q,) of
the conditionally ideal SPECT of the water phan-
tom and the artificially noisy image, as well as the
change in the maximum ( Q. ma.x) and average bright-
ness (QOnmean) after subsequent smoothing by a 3D
Gaussian filter with different values of o and »y are
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presented in Fig. 4. Graphical dependencies show a
monotonic decrease in Qpmax and QOpmean With in-
creasing oy and ny (Fig. 4a,b). Moreover the average
value changed by no more than 11% (the range of
change Qumen=0.42—0.47) after sufficiently strong
SPECT smoothing, while the maximum value of
O max (Fig. 4b) shows a rather high sensitivity to the
parameters of the smoothing function (the range of
change Qumax~0.7—1, Qumax=1 matches the image
without smoothing).

When speckle noise is added to the condition-
ally ideal SPECT phantom image, the subsequent
smoothing of the 3D image of the RMSE of the
functions p=f(Q,) of the initial and smoothed
images with increasing oy is characterized by the
presence of a minimum point (Fig. 4c, curves ny =7
and 9). The dependencies presented in Fig. 4 corre-
spond to sufficiently strong SPECT noise, where
p=/(Q,) is shown in Fig. 3 for My;. In this case,
smoothing SPECT by a Gaussian filter with the
order n; = 3 and 5 does not lead to the formation of
extreme curves.

The rate of change Q.max Was estimated based
on the approximation depending on oy

Qnmax(cf + A('Sf) _Qnmax(cf)
AGf '

AQnmax /Acf =

The examples of graphical dependencies of chan-
ges in AQ,max/Acy for various values oy and n, are
presented in Fig. 5. The maximum of |AQymax/Acy]|
for phantom was observed for oy = 0.3—0.4, regard-
less of the noise level and n (Fig. 5a). The presence
of the noise component on SPECT affects the ab-
solute value of AQ,ma/Acy (Fig. 5b): an increase in
the noise parameter M; leads to sharper drops
AQumax/Acy in the vicinity of ;= 0.3—0.4.

The regression analysis of the optimal values of
oy and ny at various levels of SPECT speckle-noise
intensity showed that the section of the curve
AQumax/Acyat or=0.05—0.4 is quasi-linear, the slope
of which characterizes the optimal value of oz with
sufficient accuracy (Fig. 6a). In Fig. 6, the Dy is
value of AQ,ma/Acy at or=0.3. The optimal para-
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Figure 4: Change of the textural properties of the water phantom SPECT at various Gaussian smoothing parameters: (a) average count
rate; (b) maximum count rate; (c) Root Mean Square Error between p =f((Q,) for the conditionally ideal image and smoothing image

with noise
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meters oy and ny can generally show some inde-
pendence from each other. However, it is possible
to require and impose the condition of the direct
dependence of the increase in n, on op (Fig. 6b).

Water phantom studies have also been pre-
sented on SPECT patients. In these cases, all the
patterns presented in this work were equivalent to
phantom studies, which is confirmed by the regres-
sion data in Fig. 6. The resulting regression equa-
tions were as follows:

for SPECT patients

op=—(6.57+1.3)Do+ (0.20£0.11)
(R=0.75+0.31),

np= (1.46+0.7)op + (2.57+0.27)
(R=0.62+0.11);

for phantom SPECT

6= —(6.5+0.3)Doos + (0.16+0.10)
(R*=0.81+0.05),

np= (1.92+ 0.05)cp + (2.42+ 0.14)
(R =0.79£0.04),

where R is the correlation coefficient between the
experimental and model data.

A Qn max/AGf

8(5/
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We recommend to apply smoothing with min-
imally significant parameters for 3D images o;= 0.3
and ny= 3, because real SPECT images always have
a noise component, including digital noise, even
with good image quality (see Fig. 5b at Mqy). The
recommended values for optimal SPECT filtering
can be expressed as:

o= —6,5TDgw4++ 0.2 and np=1.1op+ 3, (3)

where ny is rounded up to the nearest of 3, 5, 7, or 9.

A cumulative use of (2) to calculate the most
effective smoothing parameters of the 3D SPECT
Gaussian filter both for phantom images and pa-
tients gives a fairly good agreement of the functions
p= f(0,), where the average deviation of the CR is
less than 5—7%, the maximum deviation is observed
in the low-intensity region (Q, < 0.5), where the er-
ror in the restorating the function p = f(Q,) reaches
10—12%. The used examples (2) are presented in
Figs. 7 and 8. Note that when segmenting the brain
and determining the effective volume of dilution of
the radiopharmaceutical in accordance with the meth-
odology for calculating CBF [1, 2, 5], the segmen-
tation threshold 7% is in the range 0.55—0.90. This
means that the results of finding the optimal param-
eters oy and np for a Gaussian filter are quite ac-
ceptable.
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AQn max/AGf

1 2 3 4 5 o

Figure 5: The rate of change count range with respect to oy (a) for SPECT of the water phantom at Mos; (b) for various
of My. The effect of My; on p=f(0,) (see Fig. 3). The order of the Gaussian filter ns does not affect the extremum in the vicinity

of o, = 0.3-0.4
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Figure 6: Regression dependencies of the optimal parameters oy and ny obtained at different speckle noise intensities on SPECT:

(a) the dependence of or on Dy; (b) the dependence of ny on oy; x — for SPECT water phantom;

- — for SPECT of the patient;

the dashed line is a linear approximation of the SPECT data of the water phantom, the solid line is for the SPECT of the patient
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adding speckle noise and smoothing, respectively; (c) the probability distribution function of the count rate, where the solid line is
the initial, conditionally ideal probability distribution; dotted line — after adding speckle noise; + — after the smoothing procedure
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before, after adding speckle noise, and smoothing, respectively; (d) the probability distribution functions of the count rate, where the
solid line is the initial, conditionally ideal probability distribution; dotted line — after adding speckle noise; + — after the smoothing

procedure
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Discussion

A lot of articles have been published on the
optimal filtering of SPECT images [12, 14—24]. The
vast majority of publications focus on the use of the
Butterworth filter [12, 14—18]. At the same time, it
should be noted that it is difficult to single out rec-
ommendations for choosing a cutoff frequency. So,
in [14] the optimal cutoff frequency is in the range
0.08—0.13, in [16, 25] — 0.2—0.22, in [18] — more
than 0.5 depending on the RC speed. The parame-
ters of optimal image filtering based on the Gaussian
filter [22, 23, 26] are also contradictory and do not
allow our working group to make a decision.

A specific direction in the development of
technology for improving the quality of radionuclide
brain images is the analysis and processing of mul-
timodal data [27—29]. However, it should be noted
that it is not always possible to obtain multimodal
images; an increase in image resolution does not
mean a more correct restoration of the spatial dis-
tribution of the radiopharmaceuticals in absolute
units; the corresponding software has not been in-
troduced into wide clinical practice, into work-
stations of gamma cameras.

The research results presented in this work are
solving a specific applied problem: restoration of the
histogram of the distribution of radiopharmaceuticals
in a brain for a correct quantitative assessment of
regional CBF. It is taken into account that the initial
3D tomographic data contain not only uniform ran-
dom Gaussian noise, but also a pronounced speckle
component. The technique has been tested in sol-
ving clinical problems, in particular in patients with
moderate brain injury due to combat contusion [30].

The presented research results retained their
regularities for SPECT of the water phantom with
the data acquisition matrix of 256x256. The follow-
ing limitations can be distinguished for images with
a matrix of 64x64 in the analysis of patients' SPECT:
0.2 <op<1.5and nr=3.

It should also be noted that the technique pre-
sented in this work does not give significant positive
results with pronounced sparseness of scintigraphic
projection images, which are formed with a sharply
reduced total CR or with a short exposure time
of the frame during the SPECT study. The solution
of the applied problem is not trivial and requires
further research. This problem is considered, for
example, in [31].

A novel technique for smoothing 3D SPECT
images based on a Gaussian filter was developed. It
was shown that the change in the maximum rate of
the SPECT image RC has an extremum by changing

Innov Biosyst Bioeng, 2022, vol. 6, no. 1

the standard deviation of the Gaussian filter in vi-
cinity of 0.3—0.4 pixels. The greater the noise com-
ponent in the SPECT image, the more quasi-line-
arly the corresponding speed changes. This depend-
ence allows us to determine the optimal smoothing
parameters.

The application of the developed smoothing
technique allows restoring the probability distribu-
tion function of the radioactive CR (distribution his-
togram) with an accuracy of 5—10%. This allows
standardizing SPECT images, in particular, of a
brain, and carrying out image segmentation more
correctly.

Conclusions

The research results of the work solve a specific
applied problem: restoration of the histogram of
the radiopharmaceuticals distribution in a brain for
correct quantitative assessment of regional cerebral
blood flow. In contrast to the well-known publica-
tions on the filtration of SPECT data, the work takes
into account that the initial tomographic data are 3D,
rather than 2D slices, and contain not only uniform
random Gaussian noise, but also a pronounced
speckle component. This allows standardization of
brain SPECT images in terms of the spatial distri-
bution of the radiopharmaceuticals in a brain.
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40Y “IHeTuTyT MeamumHy npaui imeni FO.1. KyHaiesa HAMH Ykpainun”, Kuis, YkpaiHa

®UIbTP FAYCA ANA O®EKT-306PAXEHb NOJIOBHOINO MO3KY

Mpo6nematuka. HasBHicTb WyMOBOI cknagoBoi Ha 3D-306paxeHHsX 0gHOOTOHHOI eMiciiHoi koMmm’toTepHoi Tomorpadii (OPEKT) ro-
MOBHOTO MO3Ky CyTTEBO CMOTBOPIOE (DYHKLIIO po3noginy imosipHocTeln (PPW) wenakocTi paaioakTMBHOMO paxyHKy. HassHICTb WyMmiB i
nopanbLa dinbTpauis AaHux, Wwo 6a3yeTbest Ha CyO’eKTUBHIM OLiHLI SIKOCTI 306paXeHb, 3HAYHO BMNUBaKTbL HA PO3paxyHOK 06’€MHOro
MO3KOBOrO KPOBOTOKY Ta 3Ha4eHHS acuMeTPpii HaKoMMYeHHs pagiodapmMnpenapaTy B MO3KY.

MeTa. Po3pobka metogy ontumansHoi OPEKT-dinbTpauii 306paxeHb ronoBHOro Mo3ky 3 ninoginbHuMuK pagiogapmnpenaparamu Ha
ocHoBi inbTpa Mayca (FP) ons noganbLoi cermeHTadii 306paxeHb NOPOroBUM METOAOM.

MeTtoauka peanisauii. B po6oTi aHanizysanucs OPEKT-306pakeHHs BOAHOMO (haHTOMY Ta rofloBHOro Mo3Ky nauieHTis 3 *™Tc-TMMAO.
Po3pobneHo meToauKy LUTYYHOro foAaBaHHSA CNeKr-LuyMy 40 YMOBHO ideanbHUX AaHWX Ans BU3HAYEHHS ONTUMarbHUX napameTpiB 3rna-
nkyBaHHA OOEKT Ha ocHoBi ®I. KinbkicHMM KpuTepiem onTumansHOro 3rnafxxyBaHHs CryryBarno cepeqHboKBaApaTUYHE BiAXMINEHHS MiX
®PW wBnakocTi pagioakTUBHOTO paxyHKy MK 3rNamKeHMM 306paxeHHSMU Ta YMOBHO ifeansHuM.

Pe3ynbTratn. NokasaHo, WO MakcumarnbHa LWBUAKICTb pafdioakTMBHOro paxyHky O®PEKT-306paxeHHs Mae eKCTpeMyMm npu 3MiHi
cTaHgapTHOro BiaxuneHHst M 3a npocTopoBoro nopsiaky dinbTpa B AianasoHi 0,3-0,4 nikcensi. Yum Binblua wWymoBa cknagoBa Ha 30-
BpaxeHHsix OPEKT, TMm BinbLu KBa3iniHIMHO 3MIHIOETLCS BiANOBIAHA WBMAKICTb. Lis 3anexHicTe Aae 3Mory BU3HaYUTV ONTUMarnbHi napa-
MeTpW 3rnagXyBaHHs. 3acTOCyBaHHS po3pobreHoi MeToaNKY 3rmaKyBaHHSA Aa€ MOXIUBICTb BiAHOBUTU OYHKLiH0O pO3MOAiNy MMOBIpHO-
CTel LWBMAKOCTI pafdioakTMBHOrO paxyHKy (rictorpama po3noginy) 3 TouHicTio go 5-10 %. Lle pgae 3mory craHpaptusyBatn OPEKT-
300pakeHHs1 FONIOBHOMO MO3KY 3 TOYKM 30py NPOCTOPOBOrO PO3MOAiNy npenapaTy B MO3KY.

BucHoBku. MNpeacraeneHi B poboTi pe3ynbTatv AOCHiMKEHb BUPILLYOTb KOHKPETHE NpUKNagHe 3aBOaHHsl — BiAHOBIEHHS ricTorpamu
po3noginy pagiodapmnpenapaToB B MO3Ky A5l KOPEKTHOI KirbKiCHOI OLiHKM 06’€MHOr0 MO3KOBOIo KpOBOTOKY. Ha BigMiHy Bi BizoMux
ny6nikauin npo ginbTpadito AaHnx OPEKT, y poboTi BpaxoByeTbCs, LU0 BUXiAHI ToMorpadiyHi aaHi € 3D, a He npeacTaBneHi 2D-3pizamu,
i MiCTATb He TiNbK1 PiIBHOMIPHWUIA BUNaAKOBUI rayCiBCbKUIA LLYM, ane 1 BUpaxeHy Crekmn-CKrnagoBsy.

KnroyoBi cnoBa: ewmiciiHa komm’toTepHa Tomorpadis; OPEKT; Mo3koBMi KPOBOTOK; pafdioakTUBHUIM paxyHOK; pinbTp Mayca; ontumanbHa
dinbTpauis; pagudapmnpenapatu; *°"Tc-FMMAO.
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®UNBbTP FAYCCA A5l O®3KT-U30EPAXEHUA rONOBHOIO MO3rA

Mpo6nematuka. Hanuune wymoBon coctasnsioLen Ha 3D-n3obpaxeHnsx 0gHOPOTOHHOM 3MUCCUOHHOW KOMMBIOTEPHON TOMOrpadmu
(O®3IKT) ronoeHOro Mo3sra CyLeCTBEHHO UCKaxKaeT pyHKUMIO pacnpegeneHus sepostHocTen (PPB) ckopocTn pagnoakTMBHOro cyeta.
Hanuuve wymoB 1 nocneayowas punbTpaums AaHHbIX, OCHOBaHHAsA Ha CyObEeKTMBHOWM OLieHKe KayecTBa U3obpaxeHuid, okasbiBaloT
3HaYMTENbHOE BNUSIHUE Ha pacyeT 06beMHOro MO3roBOro KpOBOTOKA U 3HA4YEHUSA aCUMMETPUM HakonneHns pagmodapmnpenapara
B MO3re.

Llenb. Paspa6oTtka metoga ontumansHon OPIKT-dunbTpaumnm n3obpaxkeHuii ronoBHOro Mosra ¢ nunodunbHbIMK pagudapmnpenapa-
Tamu Ha ocHoBe unbTpa Maycca (FP) ans nocnegylowen cerMeHTaunm n3obpaxeHns NMOPOroBbIM METOLO0M.

MeToaunka peanusaumuun. B pabote aHanunsuposanmce OPIKT-n3obpaxeHns BoOAHOro haHToMa 1 rofloBHOro Mo3ra naumneHToB ¢
9MTc-FMMAO. PaspaGoTaHa MeToauKa UCKYCCTBEHHOTO [40GABNEHUS CMEKT-LyMa K YCNIOBHO uaearbHbIM aHHbIM Al onpeaeneHums
onTuManbHbIX napameTpos crnaxmBaHna OPIKT Ha ocHose PI. KonnyecTBEHHbIM KpUTEPMEM OMTUMANbHOMO CrIaXUBAHWSA CIYXWNO
cpeAHekBagpaTUYHoe OTKIMOHeHne mexay ®PPB ckopocTn pagnoakTMBHOIO cHeTa MeXAy CriaKeHHbIMU N306paxeHNsaIMn 1 yCrnoBHO
naeanbHbIM.

PesynbTathl. [lokasaHo, 4TO MakcMmanbHast CKOpoCTb paanoakTueHoro cdeta OPIKT-n306pakeHnst UMeeT IKCTPEMYM MPU U3MEHEHUN
CTaHOAapTHOrO OTKIoHeHus P Ana NpocTpaHCTBEHHOrO nopsiaka dunbtpa B AnanasoHe 0,3-0,4 nukcens. Yem 6onblue wymosas co-
cTaBnsoWwasn Ha nsobpaxeHnsax OPIKT, Tem bonee KBa3UNMHENHO M3MEHSETCA COOTBETCTBYIOLLAA CKOPOCTb. OTa 3aBMCMMOCTb MO3BO-
nseT onpefennTb ONTUManbHble NapameTpbl crnaxusanus. MNpuMeHeHve paspaboTaHHON METOAVKN CrMaXuBaHWSA NO3BOMAET BOCCTa-
HOBWTb PYHKLMIO pacnpeaeneHns BepOSTHOCTEN CKOPOCTM PaAMoaKTUBHOMO cyeTa (rmctorpaMmmy pacnpeerneHusi) ¢ TOYHOCTbIO Ao 5—
10 %. 3t10 nossonseT ctaHAapTuavpoate OPIKT-n306paxeHns rofioBHOrO MO3ra C TOYKV 3peHUst NPOCTPaHCTBEHHOIO pacnpeaeneHus
npenaparta B MO3re.

BbiBoabl. [peactaBneHHbIe B AaHHOM paboTe pe3ynbTaTbl MCCeA0BaHUI PeLLatoT KOHKPETHYHO NPUKNaaHYio 3a4ady — BOCCTaHOBMNEHUe
rMcTorpaMmel pacrnpeaeneHns pagmodapmnpenaparoB B MO3re Ans KOPPEKTHON KONU4eCTBEHHOW OLEHKN 06 bEeMHOr0 MO3roBOro KPOBO-
ToKa. B oTnnymm ot n3BecTHbIx nybnunkaumin npo dunbTpaumio AaHHbIx OPIKT, B paboTe yuntbiBaeTCs, YTO UCXOAHBIE TOMOrpaduye-
ckne aaHHble aensATca 3D, a He npeAcTaBneHbl 2D-cpe3amu, U cogepxaT He TONbKO PaBHOMEPHBIN CryYalHbIN rayCCOBCKUA LIYM,
HO ¥ BbIPaXXEHHYIO CMEKM-COCTaBSAOLLYIO.

KniouyeBble cnoBa: 3MUCUOHHas KoMMbloTepHasi Tomorpadusi; OPIKT; Mo3roBoi KpOBOTOK; paanoakTUBHEIN c4eT; punbTp Maycca; on-
TUMarnbHas punbTpauus; pagudapmnpenapatbl; " Tc-FTMMAO.



