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EPILEPSY AND MIGRAINE: NEUROIMAGING
AND NEUROPATHOPHYSIOLOGICAL PARALLELS

Summary. Objective. The aim of our study was the comparison of the microstructure and neurometabolic disorders
of the brain, as well as neuropathophysiological features of patients suffering from epilepsy and migraine. Methods.
We investigated 60 patients suffering from migraine, aged 16—42 years (mean age was 29.30 * 0.52 years) and
60 — with epilepsy, aged 18—51 years (mean age was 28.20 = 0.98 years). 60 patients with migraine and 60 with
epilepsy underwent diffusion tensor magnetic resonance imaging. 18 migraine and 28 epilepsy patients underwent
proton nuclear magnetic resonance spectroscopy. All patients were examined using the computer electroencepha-
lography. Migraine and epilepsy were diagnosed according to international guidelines. Results. The obtained data
indicate not only a neuron tissue lesion in patients suffering from migraine and epilepsy but, probably, do not exclude
a feedback in this event hierarchy and the deafferentation probability conditioned by a loss of hippocampal bonds.
This state is confirmed by decreasing tracts in limbic zones that also plays an important role in the damage of brain
extrahippocampal parts.

Thus, hippocampus is one of the main structures in disintegrating neuronal combinatorics and forms peculiarities of
clinical manifestations of paroxysmal states, involving these or those brain areas at these two diseases.

Key words: epilepsy, migraine, diffusion tensor magnetic resonance imaging with tractography, proton spectroscopy.

Migraine and epilepsy are comorbid neurological diseases
possessing a number of common clinical and pathophysi-
ological manifestations including a positive effect of taking
anticonvulsants. The probability of migraine and epilepsy
comorbidity is in developing the common pathophysiological
changes leading to hypersynchronizing the neurons of central
nervous system. Assessing and understanding the common
mechanisms of these diseases allows justifying the possibility
and prospects of therapeutic measures.

Epilepsy increases the risk of migraine in 2.4 times,
and migraine increases the risk of developing epilepsy in
4.1 times [25]. The comorbidity of migraine and epilepsy
significantly aggravates these diseases courses, including the
resistance development. The existence and mutual effect of
these pathological manifestations let indentify such a state
as «migraine — epileptic seizure trigger» or migrilepsy in the
International Classification of Diseases.

The main stage of diagnostics is a clinical study where
the leading role is played by electroencephalography (EEG)
that allows identifying abnormalities, including epileptiform
activity which may be registered both in migraine and, to a

greater extent, in epilepsy. A certain complexity of EEG-
diagnosis is due to the fact that the epileptiform activity is
observed in a number of neurological patients without epi-
lepsy, as well as in 1—3 % of normal individuals. This fact is
reflected in the International nomenclature recommended
term «epileptiform activity» which has a probabilistic nature
of its connection with epilepsy.

The common pathophysiological changes that lead to the
hyperexcitability of neurons and to the development of such
a pathological condition as hypersynchronization, under-
lying a number of key states of migraine and epilepsy course,

Anpec 15 nepenucKu ¢ aBTOPAMM:

EBcturnees Bukrop Bnanumuposuy

Pecniyonuka benapycw, 220013, MuHck, yi. I1. BpoBku, 3, kopr. 3
Benopycckas MeIUIMHCKAsT aKageMUsT TIOCIEAUIZIOMHOTO
o0pa3oBaHuUs

Kadenpa HEBPOIOrMY 1 HEWPOXUPYPIUK

kistsen@tut.by, w.evst@tut.by

© Escturuees B.B., Kucrens O.B., Canoxa K.A.,
CakoBuu PA., 2015

© «MexmyHapoIHbIi HEBPOJIOTUYECKUIT XKypHa», 2015

© 3acnasckuii A.1O., 2015

12 Mi?KHapOAHHUH HEBPOOTiYHHHA KypHad,

ISSN 2224-0713 N¢ 1(71), 2015



NJ)

OpHurinaabii gocaigzxenns /Original Researches/

need to be clarified. These states should be differentiated, asa
definite pathophysiological condition corresponds to each of
them with the context of hypersynchronous activity reactions.

Despite the known causes of seizures and mechanisms
of their implementation as well as the factors provoking
paroxysmal states, neuroplasticity, being a consequence of
brain response to the run pathological reactions, has a lea-
ding role in this process [16]. In implementing seizures, one
of intermediate links, and in a number of cases it is a domina-
ting one, is a functional fitness of certain hippocampus parts
and key neuroplasticity processes running in it, that is the
«anticipatory» inhibition and «feedback» inhibition. The
«anticipatory» inhibition provides an excitation spread on
inhibitory interneurons by collaterals, blocking the develop-
ment of hippocampus granular cell hypersynchronization
[14]. The «feedback» inhibition arises at sending an impulse
from a granular cell to an inhibitory interneuron that, in its
turn, provides control over hypersynchronous excitation.

The presence of a low threshold of readiness for convul-
sions imparts an important role in developing paroxysmal
conditions to hippocampus. Hippocampal commissure
bombing is transmitted to thalamic and septal nuclei and
thence back to hippocampus, with the limbic system of an
opposite hemisphere and the brain as a whole involved [21].
Moreover, medial cortex, olfactory systems, thalamic intra-
laminar and rostal nuclei, lateral geniculate bodies, nuclei
of pons cerebelli and mesencephalon raphe are projected
in hippocampus. In its turn, hippocamp is projected into
preoptical cortex, hypothalamic nonspecific nuclei, and
thalamic median centre. In a similar functional organization,
with hippocampus being a leading link, any afferent hyper-
synchronous stimulation will potentiate excitative processes
and contribute to their further spreading [3]. This, it its turn,
results in secondary temporalization of paroxysmal conditions
which before had a nontemporal or generalized nature. Thus,
hippocampus provides a harmonic correlation of inhibitory
and excitative processes in brain.

The main mechanisms of forming hyperexcitable neural
paths are determined to be an «excitable» axonal sprouting,
decreasing the number of inhibitory neurons, reducing the
«control» over neurons excited thereby and canalopathy
which are due to the impairment of gene regulation of synaptic
and neuronal plasticity resulting in cell loss, proliferation and
inflammatory immune response [14].

The nervous system has an essential safety factor and
quickly changes its structure and function due to the necessity
to adapt to new conditions. Neuroplasticity is a phenomenon
to optimize the performance of neural networks, the essence
of which is to change the number of cells in brain and their
functions (mainly, due to synaptic remodelling), depending
on various factors of external and internal environment.
Moreover, all these dynamic processes must be balanced
for a normal function of a body as a whole, thus forming a
homeostatic neuroplasticity [13, 17, 29]. The neuroplasticity
appears to us as an own safety system of brain, and of course,
of the whole body, which keeps it running [4].

The mechanisms and resources of neuroplasticity in de-
pression and epilepsy are currently under study. The aspects
of studying epilepsy are unique in this respect as all the levels
of biological structure of brain are rearranged in this disease,
describing the possibility of its adaptation to new conditions.

The existence of the concept of neuronal hyperexcitability
in migraine is associated with discovering the substrate of
inherited hemiplegic migraine type 1 which is characterized
by a change of neuron calcium channels resulting in an ex-
cessive release of neurotransmitters, in particular, excitatory
amino acids.

Thus, at functional magnetic resonance imaging (MRI)
using visual stimulation of an occipital lobe, we identified
depression foci that gave evidence of a slowly propagating
wave of neurons and a glial cells depolarization replaced by
asuccessively developing prolonged decrease in the neuronal
activity and metabolism [18]. The phenomenon of spreading
depression can occur not only in cortex, but also in other
brain structures and, in particular, in hippocampus. At pre-
sent, the role of cortical depression spread (CDS) as a trigger
of migraine manifestations is decisive. In its turn, the CDS
development activates a number of structures and provokes
a dilatation of meningeal arteries which results in plasma
extravasation and neurogenic inflammation, stimulates a
production and a release of calcitonin gene-related peptide
and nitric oxide [20]. The variability of clinical forms and first
epilepsy episode time gives evidence of long-term changes
progressing in the nervous system, known as epileptogenesis
being an interesting natural model of neuroplasticity [26].

The basis of epileptogenesis is phenomena of apoptosis
and synaptic reorganization lasting a certain period before
the first clinical epileptic seizure. In particular, it should be
noted that synaptic rearrangement leads to long-term and
lasting changes in the efficiency of synapses (epileptic long-
term potentiation). In a normal brain, girus dentatus cells
provide a highly resistant filter for incoming signals from
entorhinal cortex to hippocampus. In epilepsy, there is a struc-
tural remodelling of mossy epithelium synapses and forming
aberrant synaptic contacts in girus dentatus followed by the
excitation reverberation reducing a threshold of granule cell
synchronization and by the loss of hilary interneurons. Such
changes extend synaptic potentials and play an important
role in epileptogenesis.

The neuropathophysiological views of the mechanisms of
migraine and epileptic paroxysm naturally require studying
microstructural brain lesions being a basis for developing a
disease. Neuroimaging is an integral part of diagnostics let-
ting localize a pathological process, determine etiological and
syndromal diagnoses, assess the policy of medical measures.
The use of routine computed tomography and MRI not
always determines the morphological substrate underlying
these diseases. Therefore neuroimaging functional techniques
have become important, they contribute to new knowledge
of migraine and epilepsy pathophysiology.

Our ideas of migraine have recently been transformed
from vascular, neurovascular disorders into a nervous system
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damage. Functional neuroimaging has confirmed the funda-
mental nature of a spreading cortical depression as a patho-
physiological mechanism of migraine’s aura. The studies of
migraine let suggest that the pathophysiological generator was
located in brain stem, besides, the involvement of cerebral
peduncles, locus coeruleus, medial longitudinal fascicle and
brainstem tegmentum in a pathological process was found.

Recent data on the migraine and epilepsy neuropatho-
physiological mechanisms require introducing new sensitive
enough and specific methods of investigation. Diffusion tensor
magnetic resonance imaging (DT MRI) is such a method, it is
based on measuring the magnitude and direction of the diffu-
sion of water molecules in the brain. This technique lets obtaina
three-dimensional reconstruction of white matter fibers, assess
pathway damage and build a virtual fiber path (tractography)
[15, 16, 19]. The diffusion tensor values allow us to calculate
some scalar values showing cell integrity: the mean diffusi-
vity (MD) and fractional anisotropy (FA). Proton magnetic
resonance spectroscopy (1H-MRS) belongs to the methods of
functional neuroimaging. The basis of this method is the effect
of «chemical shift» of resonance frequencies of hydrogen nuclei
of a chemical compound in regard to a proton frequency in a
water molecule. It permits to identify and to determine con-
centrations of various metabolites in any brain part intravitally
[11, 27]. The change in these indicators generally reflects the
mitochondria work and the level of neuron viability, the mem-
brane integrity and the condition of cell energy system that is
assessed as a marker of cell integrity 8, 11, 12, 22].

Material and Methods

We investigated 60 patients suffering from migraine,
aged 16—42 years (mean age was 29.30 + 0.52 years) and
60 — with epilepsy, aged 18—51 years (mean age was 28.20 *
+ 0.98 years). 60 patients with migraine and 60 with epilepsy
underwent DT MRI.

The MRI studies were performed with a tomograph
Philips with the magnetic field intensity of 1.5 T using a head
coil consisting of 18 elements. The investigation protocol
included standard programmes for brain MRI as well as tar-
get neuroimaging mediobasal parts of temporal lobes in fine
scans with possible postprocessing and imaging in various
areas. Among special programs, there were used fast spin-
echo T2-weighted, perpendicular to the longitudinal axis of
the hippocampus with a slice thickness of 2 mm, and 3D T1
SP6R pulse sequences with reforming and obtaining images
oftemporal lobe mediobasal areas, perpendicular and parallel
to the longitudinal axis of hippocampus. The diffusion tensor
was calculated for each voxel resulting in getting images (map)
of FA and MD. The tractography was performed for all the
examined, assessing the number of path lines for front and
back quadrants in axial scans. Visual identifying the obtained
tracts (tractography results) was performed on the basis of the
MRI-map for brain white substance [23]. The indices of FA
and MD were calculated at similar sections for all the images
obtained. The MRI results were grouped according to a side
of lateralization of an epiactivity focus.

18 migraine and 28 epilepsy patients underwent |H-MRS.
The proton MRS is a unique method of obtaining informa-
tion about neurochemical processes in the brain of patients
with epileptic seizures. The basis of this method is the effect
of «chemical shift» — a change of the resonance frequency
of protons belonging to various chemical compounds. The
differences among frequencies of individual spectral peaks
are presented by a millionth part regarding to a control signal
with a known resonance frequency [23] that corresponds to
the indices of a metabolite chemical shift, the peaks of which
are determined in vivo in a proton spectrum. In normal
people, each anatomical structure is characterized by a stable
concentration of major metabolites. In brain, the peaks of
N-acetylaspartate (NAA — 2.00 ppt), choline (Cho — 3.22 ppt)
and creatine (Cr — 30.03 and 3.94 ppt) are the most evident
ones. N-acetylaspartate is a marker of an active neuron, and
its signal is the most intense in the spectrum. The role of NAA
in the metabolism of nerve tissue is not still defined but its level
decreases in many diseases occurring in a neuronal integrity
disorder. The signal from choline is a total quantity of the
choline stock in brain and is a structural element of complex
lipids. Choline is a marker of increasing the cell membrane
metabolism, being a characteristic of its damage.

Proton MRS provides a unique opportunity to determine
the anatomical localization of metabolic processes defining
qualitative and quantitative indicators as well to objectify
treatment outcome control. The clinical investigations suggest
that IH-MRS is maximum sensitive for detecting metabolic
changes in studying paroxysmal states.

All patients were examined using the computer EEG. Mi-
graine and epilepsy were diagnosed according to International
Recommendations. 18 normal volunteers were a control for
conducting diffusion tensor MRI.

The statistical analysis was performed using the program
Statistica 6.0. We used the Mann-Whitney test to assess the
significance of differences of intergroup indicators; the cor-
relation analysis was performed using the Spearman’s coef-
ficient. Sample differences were considered significant at a
significance level p < 0.05.

Results

The results of MRI investigations in patients with epilepsy
revealed a dilatation of subarachnoid spaces practically in
all of them (97.8 %), in 63.0 % — above temporal lobes of
brain, with pathological change prevailing on the side of a
focus recorded by EEG in 96.4 %. Significant enlargements
of third and forth ventricles were detected in 83.3 and 90.5 %
of cases, respectively. Small gliosis foci and cysts in pale globe
and thalamus were revealed in 13 % of patients.

Conducting diffusion tensor MRI with tractography made
possible to determine microstructural changes in all patients
examined [9]. FA index was the most significant one. This
index was significantly changed in the temporal lobe structures
(p <0.05), mainly in epifocus hemisphere. The M D values ap-
peared to be fine enough in detecting microstructural changes
that were more evident in the group of pharmacoresistant epi-
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lepsy patients. The epilepsy compensated and with a remission
of more than 1 year was characterized by a slight decrease in
this indicator compared with the norm. This index may be a
predictor of prognosing a disease clinical course, whereas the
FA values in patients, having PRE and a remission, did not sig-
nificantly differ (p > 0.05). One should note a certain connec-
tion of MD indices of the front and back parts of hemispheres
with the sizes of lateral and third ventricles on an epileptic focus
side. In the presence of an epileptic focus, there is a correlation
of a FA decrease and a MD increase with a seizure severity
factor. The obtained results can characterize the efficacy of a
therapy; however, this requires further investigation. Studying
the tractography pattern showed that a pathway depletion cor-
responded to a decrease in FA and an increase in MD, mainly
on a paroxysmal activity side. Besides, we detected the areas of
altered white matter not only in an epileptogenic hemisphere
but in an opposite one [2, 5, 10, 24, 28].

The results of proton spectroscopy revealed a decrease in
the most important correlation of NAA/(Cho + Cr) less 0.71
in hippocampus on the side of epileptic focus in the half of
patients and in the other half — on both sides. The concen-
tration of neurometabolites in the external parts of temporal
lobes altered mainly on the side of an epileptogenic focus
determined by EEG-mapping. Comparing 1H-MRS results

with DT MRI data showed a correlation of low NAA/(Cho +
+ Cr) indices in the external parts of temporal lobes with the
nonvisualization of brain anterior and posterior commissures
(r=0.8;p=0.009), indicating the significance of the normal
state of brain white substance passers providing a cortical parts
optimal functioning [6, 10] (Fig. 1).

The analysis of diffusion tensor magnetic resonance ima-
ging data revealed a number of specific changes in migraine
patients depending on a clinical manifestation — the presence
or the lack of aura.

According to the diffusion tensor magnetic resonance ima-
ging, the patients without aura were characterized by structural
abnormalities with a decrease in FA index in the anterior frontal
and temporal lobes of brain and by significant MD changes in
the posterior parts of cerebral hemispheres (p > 0.05).

Besides, the tractographic pattern was depleted in brain
occipital lobes, and the posterior commissure was not vi-
sualized. The EEG picture was characterized by slow wave
and photoparoxysmal activity prevailing [7]. According to
the EEG-mapping, significant changes in the bioelectric
activity were revealed in these patients. That was manifested
in decreasing the alpha rhythm power and in inversing its
frequency-spatial structure, in increasing the power of slow
range waves, and in photoparoxysmal activity (Fig. 2).
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Figure 1. Diffusion tensor MRI and proton
spectroscopy in temporal epilepsy
in a female patient

Figure 2. Diffusion tensor MRI and EEG
in a female patient suffering from migraine
without aura
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Figure 3. Proton spectroscopy of hippocampus (A) and thalamus (B) in migraine

Significant fractional anisotropy decreasing and mean
diffusivity increasing in patients with aura was noted in the
area of optic radiation and hippocampal connections. These
decrease and increase limit the deafferentation of brainstem
structures. These changes got combined with the hyperex-
citability or hypersynchronous blink reflex recorded on the
side of hemicranias (p < 0.05). As well, we should mention
a significant rate of paroxysmal activity recording, mainly in
temporooccipital leads. It was accompanied by a decrease in
the alpha rhythm power and an increased index of slow-wave
activity [7]. The EEG spectral analysis indicates that the
phenomenon of spreading depression can occur not only in
the cortical areas, but also in other structures, particularly in
hippocampus and cerebellum. This phenomenon is accom-
panied by edema developing, various neurotransmitters and
neuromodulators releasing, and a massive flow of potassium
ions from cells [1].

Taking into account the available pathophysiological data,
the study of neurochemical processes giving an opportunity to
determine the anatomical localization of metabolic changes
in the brain structures of hippocampus, thalamus, cingulate
gyrus, frontal and occipital regions was carried out. Significant
changes in the NAA/(Cho + Cr) correlation in hippocampus
were recorded in all patients, mainly on the side of a hemi-
cranias localization, with being more marked in a comorbid
aura seizure that ranged from 0.29 to 0.64 (normal — more
0.71). Similar changes were recorded for NAA/Cru Cho/Cr
correlations (Fig. 3A).

As for changes in the correlation of neurometabolites in
thalamus, there was a downward tendency for all indices only
in migraine with aura (Fig. 3B). Migraine without aura was
characterized by Cho/Cr decreasing without changing other
metabolite concentration.

The analysis of cingulate gyrus neurometabolite concen-
trations revealed changes of another trend which was in all
indices decreasing in migraine without aura.

The change in the correlations of neurometabolites in a
frontal lobe in migraine without aura and significant Cho/Cr
changes in migraine with aura attract our attention.

Studying the investigated occipital lobe indices revealed
their decrease in patients with aura on a hemicranias side
which was similar to changes in the hippocampal complex
(p <0.05).

Discussion

The obtained data let confirm a common pathophysiolo-
gical mechanism of developing paroxysmal states manifested
in a pathological hypersynchronous activity. The common
functional changes resulting in a neuronal hyperexcitability
are a probable cause of migraine and epilepsy comorbidity.
The phenomenon of spreading depression appearing not only
in cortex but in other brain structures, first of all in hippocam-
pus, is an important element in this process. In this structure,
we detected significant changes of metabolites, in the chain
of their spreading and influencing other brain structures, and
first of all, thalamic structures that limits the manifestation
of developing thalamocortical dysfunction. Certain changes
in a tract configuration, their integrity and genetic adequacy
are a confirmation there of. The hippocampus having initially
a low threshold of convulsive readiness potentiates excitative
processes and contributes to their further spreading.

Conclusions

The obtained data indicate not only a neuron tissue le-
sion in patients suffering from migraine and epilepsy but,
probably, do not exclude a feedback in this event hierarchy
and the deafferentation probability conditioned by a loss of
hippocampal bonds. This state is confirmed by decreasing
tracts in limbic zones that also plays an important role in the
damage of brain extrahippocampal parts.

Thus, hippocampus is one of the main structures in dis-
integrating neuronal combinatorics and forms peculiarities of
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clinical manifestations of paroxysmal states, involving these
or those brain areas.

Modern methods of functional neuroimaging provide
data underlying the disease, let retrace clinical courses of
paroxysmal conditions and determine the correlation of a
clinical course, neurophysiological outcomes and structural-
metabolic disorders.

All this demands to continue studies and to identify
diagnostic criteria and the efficacy of a performed therapy.
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" benopycCKast MEAMLIMHCKAST QKAAEMMST TOCAEANIAOMHOIO
06pa3oBaHms, r. MiHCK

2 2-6 MIHCKQs1 ropOACKQST KAMHUYECKAST 6OAbHULIA, beAapych

SAMUAENCUI N MUTPEHD:
HEMPOBU3YAAU3ALMOHHBIE
U HENPONATO®U3NOAOTUYECKUE MAPAAAEAU

Pesiome. Llean. Lienbio Hallero uccieqoBaHus SIBISIOCH COMO-
CTaBJIEHUE MUKPOCTPYKTYPHBIX U HEMPOMETAbOJINIEeCKUX HapyIlie-
HUI Mo3ra, a Takxke Helpomnarodu3noaornieckux ocobeHHOCTe
y MAIMEeHTOB, CTPAIAIONIMX OT SIMUJIETICUM U MUTpeHU. M eTobl.
Hamu o6¢nenoBado 60 manueHTOB ¢ MUTPEHBIO B Bo3pacte 16—42
set (cpeaHuii Bozpact coctaBui 29,30 £ 0,52 ropa) u 60 — ¢ anu-
nericueit B Bo3pacte 18—51 roma (cpemnuit Bospact 28,20 + 0,98
rona). LLlecTuaecsiTi mameHTaM ¢ MUTpeHbIo 1 60 — ¢ aruIencuei
npoBeaeHa nudy3noHHas TEH30pHAasi MAarHUTHO-PE30HAHCHAs
Tomorpacdus. [IpoToHHas MarHUTHO-PE30HAHCHAST CIIEKTPOCKO-
MU BBITIONTHEHA 18 manmeHTaM ¢ MUTPEHBIO U 28 — ¢ SMUJIeTICUeii.
Bce maumeHTsl 00cae0BaHbl C UCMONB30BAHUEM KOMITBIOTEPHOM
aJiekTpoaHuedanorpacduu. IuarHo3 MUTPEHU U IMUIETICUU ObLIT
BBICTaBJIEH COMIACHO MEXIYHAPOIHBIM peKoMeHaauusM. Pe3yib-
TaThl. [ToydyeHHBIE TaHHBIE HE TOJIBKO YKa3bIBAIOT Ha TIOBPEKICHUE
HEMPOHALHOI TKAHU y MAIIMEHTOB C MUTPEHBIO 1 ATTUJICTICUEHA, HO
1, BO3MOXHO, HE UCKITIOYAIOT OOPATHYIO CBSI3b B 3TOU UEPAPXUU CO-
OBITHIT 1 BEpOSITHOCTH NeaddepeHTainm, 00ycIOBICHHOM TToTepeit
TUTITIOKAMTIAIBHBIX CBsI3eil. [laHHOEe 0OCTOSATEIHCTBO MOITBEPK-
JAeTCs yMEHbIIEHUEM TPAKTOB B JIMMOMYECKNX 30HAX, YTO UTPaeT
BaXXHYIO POJIb TAKXKE B TIOBPEXKIAEHUU IKCTPATUTITOKAMITATIBHBIX
OTIEJIOB MO3Ta.

Takum 0o6pa3om, TMIIOKAMIT SIBJISIETCS ONHOW M3 TJIaBHBIX
CTPYKTYP B I€3MHTErpalui HelpoHalbHOW KOMOMHATOPUKHU,
a BKJIIOYEHME TeX WJIM MHBIX 00JacTeil Mo3ra o0yCIOBIUBAET
0COOEHHOCTH KJIMHUYECKHMX MPOSIBJICHUN MapoOKCU3MalbHbBIX
COCTOSTHMIA TIPU 3TUX JABYX 3a00JI€BAHUSIX.

KaioueBsie cioBa: snuierncusi, MUrpeHb, 1uddy3rnoHHast
TEeH30pHast MAarHUTHO-Pe30HaHCHasi ToMorpadusi ¢ TpakTorpadueii,
MPOTOHHASI CIIEKTPOCKOITHSI.

30. Vion-Dury J., Salvan A.M., Cozzone P.J. Proton magnetic
resonance spectrometry for the non-invasive exploration of human
brain metabolism: current and future clinical applications // Rev.
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€scrurHees B.B.", Kicteqb O.B.”, Caaoxa K.A.", CakoBud P.A."2
" BinOpYyCbKQ MeAMHYHQ QKOAEMIST MICASIAMIAOMHOI OCBITH,
M. MiHCbK

2 2-ra MiiHCbKQ MICbKQ KAIHIYHQ AIKQPHSI, Binopycb

EMIAENCI4 | MIrPEHb:
HEMPOBI3YAAI3ALINHI | HENPONATO®I3IOAOTIYHI
NAPAAEAI

Pesiome. MeTa. MeToio Hallioro 10CiiaKeHHsI OyJ10 MOPiBHSIHHS
MiKPOCTPYKTYPHUX i HEHpOMeTabOJiuHUX MOPYUIEHb MO3KY, a
TakoX HelponatodizionorivyHux 0coOJUBOCTE! Y MAliEHTIB, SIKi
CTpaXkIaloTh Bij emijencii i mirpeni. Meroau. Hamu o6crexeHo
60 maiieHTiB i3 MirpeHH0 BikoM 16—42 poku (cepemHiii Bik
cranoBuB 29,30 £ 0,52 poky) i 60 — 3 eninerncieio Bikom 18—51
piKk (cepenniit Bik 28,20 + 0,98 poky). LLlictaecsartn namnienTam i3
MirpeHHo i 60 — 3 erijencieio npoBeneHa audysiiiHa TeH30pHA
MarHiTHO-pe30HaHcHa ToMorpadis. [IpoToHHa MarHiTHO-
pe30HaHCHA CTIEKTPOCKOITisI BUKOHAHa 18 maltieHTaM i3 MirpeHHIo
i 28 — 3 eminemncielo. Yci mamieHTH 0OCTeXeHi 3 BUKOPUCTAHHSIM
KOMIT'I0TepHOi eniekTpoeHLedanorpadii. [liarHo3 mirpeHi i eninencii
OyB BHUCTaBJIEHMIi 3TiHO 3 MiXXHAapOAHUMHU PEKOMEHIALLISIMU.
PesyabraTn. OTpumani 1aHi He TiJIbKY BKA3YIOTh Ha MOLIKOIKEHHS
HepOoHaIbHOI TKAHWHMU Y MAaLiEHTIB i3 MirpeHHIo i eniyiernciero, a i,
MOKJIMBO, HE BUKJTIOUAIOTh 3BOPOTHHU M 3B S130K Y 11iii iepapxii rmoiit i
MMOBIpHICTb 1eahepeHTallil, 00yMOBJIEHOT BTPATOIO IiIMOKaMITaIbHUX
3B’s3KiB. LI o6cTaBMHA MiATBEPIKYETHCSI 3MEHIIIEHHSIM TPAKTIB Y
JIiIMOIYHUMX 30HaX, 1110 Bilirpa€e BaxkJIMBY POJIb TAKOX Y MOLIKOIXKEHHI
eKCTparinoKaMmnaJlbHUX BiUIiTiB MO3KY.

TaxuM 4YUHOM, TiMTOKaMIl € OJHI€I0 3 TOJIOBHUX CTPYKTYp Y
ne3iHTerpailii HelipoHaIbHOI KOMOIHATOPUKM, a BKITIOUEHHS TUX Y1
iHIIIMX 00J1acTell MO3KY OOYMOBITIOE OCOOIMBOCTI KIiHIYHUX IIPOSIBIB
MapOKCU3MaJIbHUX CTaHiB MIPU LIMX JBOX 3aXBOPIOBAHHSIX.

KirouoBi cioBa: eminerncisi, mirpeHb, nudysiiiHa TeH30pHa
MarHiTHO-pe30HaHCHa ToMorpadis i3 TpakTorpadiero, MpoTOHHA
CMEKTPOCKOITis.

18 MizKHapOAHHWH HEBPOOTiYHHH KypHad,

ISSN 2224-0713 N¢ 1(71), 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Peterburg
    /Times-Bold
    /Times-BoldItalic
    /TimesET-Bold
    /Times-Italic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-Italic
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


