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INTERPRETATION FOR RAPID ASSESSMENT OF LESION DYNAMICS
IN THE BRAIN IN MULTIPLE SCLEROSIS
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Abstract. The article describes a method of using color contrasting in 3D visualization of a multifocal
lesion pattern in the brain in patients with multiple sclerosis. Application of the method allows to assess
quickly and correctly the dynamics of changes in multifocal patterns based on MRI data obtained at different
times. Volumetric reconstruction and color contrasting are carried out in a fully automatic mode and allow
to analyze not only the lesion pattern as a whole, but also individual changes in the internal structure of
individual foci. This approach reduces the time of the study and at the same time significantly increases the

validity and reliability of the study results.
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Introduction. Currently, magnetic resonance
imaging is the main method of visualization of de-
myelination foci [1]. Over time, the number of foci
detected in the patient’s brain, their activity, size
and localization may change [2]. In multifocal le-
sions, this becomes a major obstacle to a quick and
accurate analysis of the extent of changes that have
occurred. The problem is that the radiologist has
to analyze the MRI picture in three orthogonal
projections. Usually at least 120 (50 + 40 + 30)
slices have to be carefully examined and described.
On each slice the state of individual fragments of
detected pathological foci is highlighted and exam-
ined. To assess the picture of the lesion as a whole,
it is necessary to mentally put together a volumet-
ric puzzle from many fragments. This not only re-
quires a lot of time and attention, but also deter-
mines low accuracy of the result. It is even more
difficult to accurately compare two or more MRI
scans of a patient performed at different times.

Purpose of the work performed:

to develop a variant of automatic three-
dimensional reconstruction of focal lesions;

to propose a method for correct compari-
son of MRI examinations of a patient performed
at different times and a quick assessment of the
changes that occurred. Not only the general picture
of the lesion was analyzed, but also individual
changes in the foci noted by the diagnostician.

Methods. An upgraded version of the UNet
3+ architecture [3] was used to segment the foci
and to build 3D images. The network architecture
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was improved [4] by integrating the VGG 16 mod-
el as a subnet (so-called backbone). In addition,
the order of upsampling and convolution opera-
tions was reversed (since the standard order re-
quires significantly more video memory) for up-
stream (using upsampling) full-scale skip connet-
ions.

Correct alignment of 3D patterns was per-
formed using affine transformations. This made it
possible to eliminate the dependence on the pa-
tient’s head orientation during MRI examina-
tions. Advanced mattes mutual information was
chosen as a cost function (a function evaluating
how accurately the same objects present in the
compared images are combined), and Adaptive
stochastic gradient descent as an optimizer. The
value function used allows combining the series
obtained in different modes of MRI investiga-
tion.

Relative brightness is used to analyze the
intensity of foci, which is calculated as the ratio of
average brightness of the foci to average brightness
of the background. The entire image is considered
the background, except for foci. When the stationary
magnetic field of the tomograph is changed, the
brightness of the whole image changes: both foci
and background. Use of a relative brightness
parameter levels out such differences between
examinations carried out on MRI machines with
different magnetic field strength and, therefore,
allows correctly assessing brightness of foci in
dynamics.



KAMHUYECKASI MEAULLUHA

Visual analysis of changes as-
sumed application of color in two
modes: formal and informal. Formal
mode was used to identify focal pat-
terns detected on different MRI series.
Example in Figure 1.

Informal mode was used to ana-
lyze the intensity of the focus. Since
there are 256 grayscale in the MRI
images, and the eye distinguishes no
more than 30 shades, to avoid loss of
information, each grayscale level was
assigned its own color shade.

Results. Automatic segmentation
of foci and subsequent 3D reconstruc-

tion allowed not only to quickly ob- Figure 1 — 3D reconstruction of patient A’s lesion patterns.
tain a realistic volumetric picture of Green color — MRI study of 2019. Red color — MRI study
the lesion and calculate the number of 2018

of foci, but also to obtain parameters
characterizing the focal pattern: the
number of foci, the volume of foci,
the total volume of the lesion, the lo-
calization of each foci (coordinates of
their center of mass), the intensity of
foci. When analyzing complex multi-
focal patterns, the average total timeis
52 s. Figure 2 gives an example of
combining the patterns shown above
(in Figure 1).

Informal color contrasting helps
to analyze the nature of the inflam-
matory process in the volume of an
individual focus. An example of vi-

sualization of the structure of a sep- Figure 2 — Overlay of pathological patterns obtained during
arately selected focal inflammation is MRI examinations of patient A in 2018 and 2019. 3D
shown in Figure 3. Each gray level is reconstruction, top view. Yellow are areas of overlap (i. e.,
assigned a color shade: from green areas where the lesion persisted). Red color — remyelination
(minimum intensity) to red (maxi- area (areas of 2018 not found in the 2019 study). Green color —
mum intensity). According to the new areas of inflammation (not found in the 2018 study)

change in the size of the lesion and
the color distribution within, the ef-
fectiveness of the therapy can be
monitored.

Figure 3 — Color interpretation of the
inflammation structure in the volume
of demyelination foci according to the
MRI study of patient B. The lesion on
the axial section is highlighted in blue,
on the right — its color 3D
reconstruction in enlarged size
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Conclusions 4. The proposed method allows quantitative
1. The proposed method does not depend on  assessment of the patient’s dynamics regardless of
diagnostician’s perception, largely based on visual his/her position inside the tomograph during MRI
perception of individual elements of the lesion. The  examinations.
risk of misdiagnosis increases significantly with the 5. The proposed method provides the easy way
expansion of the lesion volume. to obtain a complete set of diagnostically valuable
2. The average time to construct and analyze and reproducible characteristics with less energy
a complex multifocal lesion pattern decreases from  expenditure of the diagnostician and with absolute
40 minutes with semi-automatic manual delineation  reproducibility of results.
to 52 seconds with automatic segmentation.
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MpyuMmeHeHue HEUPOHHbBIX CETEU U LLIBETOBOU UHTEpNpeTauumn
AAAl ObICTPOU OLLEHKU AMHAMMUKHW NOPa)>XeHUA B TOAOBHOM MO3re
npu paccesiHHOM CKAepo3e

®Dedynos A. C., Kapanemsin I'. M., Kocux U. U.

Yupencoenue obpasosanus «benopycckuil zocyoapcmeeniiviil MeOUWUNCKUTL YHUBEPCUMEem.»,
2. Muncx, Pecny6iuxa Beaapyco

Pedepar. B cratbe omnuchiBaeTcsl METOJ MPUMEHEHUST 1IBETOBOTO KOHTPACTUPOBAHUS MpU
3D-Busyanau3aluy KapTUHbBI MOPaXKeHUsI FOJIOBHOIO MO3ra y MallMeHTOB C PACCESIHHBIM CKJIEPO-
30M. MeToa MO3BOJISIET MPOBOAUTL OBICTPYIO, KOPPEKTHYIO OLIEHKY AMHAMUKKU M3MEHEHUI B
CJIOXHBIX MHOI'OOYAroBbIX IMaTTepHax, MOCTPOCHHBIX IO JaHHbIM MPT-ucciaenoBaHuii, pasHe-
CEHHbIX BO BpeMeHU. O0beMHasi peKOHCTPYKIIMS 1 LIBETOBOE€ KOHTPACTUPOBAHUE ITPOBOJSTCS B
MOJIHOCTHIO aBTOMATUUYECKOM PEXUMeE U MO3BOJISIIOT aHAJIM3UPOBATh HE TOJBKO OOy KapTUHY
MOPaXXEHUSI, HO U UHAMBUAYaJbHbIE U3MEHEHUS BO BHYTPEHHEM CTPYKTYpE OTAEJIbHBIX OYaros.
Taxoil moaxoa Ha MOPSIAOK COKpallaeT BpeMsi MCCAeA0BaHUS U MPU 3TOM 3HAUYUTEJIbHO MOBbI-
11aeT 00BEKTUBHOCTh PE3YJIbTATOB MCCIIEI0BAHMSI.

KiroueBbie cioBa: paccesiHHbIN CKJIepO3, CBEPTOYHbIE HEPOHHbBIE ceTU, 3D-peKOHCTPYK-
1M1, MHOTOOUYaroBble MaTTepHbI MOpaXKeHUs.
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