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РЕЗЮМЕ

Ââåäåíèå. Íåéðîäåãåíåðàòèâíûå ïðîöåññû èãðàþò âàæíóþ ðîëü â ðàçâèòèè êëèíè÷åñêèõ ïðîÿâëåíèé 
ðàññåÿííîãî ñêëåðîçà (ÐÑ), à òàêæå â ïðîãðåññèðîâàíèè çàáîëåâàíèÿ. Â òî æå âðåìÿ ìåõàíèçìû 
íåéðîäåãåíåðàöèè ïðè ÐÑ íå âïîëíå ÿñíû, ÷òî çàñòàâëÿåò èññëåäîâàòåëåé îáðàùàòü âíèìàíèå íà 
ðàíåå íå èçó÷åííûå ïàòîãåíåòè÷åñêèå àñïåêòû çàáîëåâàíèÿ. Áûëî ïîêàçàíî, ÷òî ó áîëüíûõ ÐÑ ìî-
ãóò íàáëþäàòüñÿ èçìåíåíèÿ ëîêàëüíîãî êðîâîòîêà â ãîëîâíîì ìîçãå, îäíàêî çíà÷åíèå âûÿâëåííûõ 
íàðóøåíèé èçó÷åíî íåäîñòàòî÷íî.

Öåëüþ íàøåé ðàáîòû ÿâëÿëèñü îöåíêà îñîáåííîñòåé ïåðôóçèè â î÷àãàõ äåìèåëèíèçàöèè è âíåøíå 
íåèçìåíeííûõ ñòðóêòóðàõ ãîëîâíîãî ìîçãà è îïðåäåëåíèå èõ âçàèìîñâÿçè ñ êëèíè÷åñêèìè ïðîÿâëå-
íèÿìè ÐÑ. 

Ìàòåðèàëû è ìåòîäû. Â èññëåäîâàíèè ïðèíÿëè ó÷àñòèå 49 ïàöèåíòîâ ñ ðåìèòòèðóþùèì è âòîðè÷-
íî-ïðîãðåññèðóþùèì ÐÑ â ñòàäèè ðåìèññèè (êëèíè÷åñêîé è ïî äàííûì ìàãíèòíî-ðåçîíàíñíîé òî-
ìîãðàôèè (ÌÐÒ)), êîòîðûì ïðîâîäèëèñü ÌÐ-ïåðôóçèÿ ãîëîâíîãî ìîçãà ñ êîíòðàñòíûì óñèëåíèåì 
íà òîìîãðàôå ñ èíäóêöèåé ìàãíèòíîãî ïîëÿ 3 Òë, à òàêæå îöåíêà ïî øêàëå ôóíêöèîíàëüíûõ ñèñòåì 
(FS), ðàñøèðåííîé øêàëå íåòðóäîñïîñîáíîñòè (EDSS), øêàëå óòîìëÿåìîñòè (FSS). Àíàëèç äàííûõ 
âêëþ÷àë â ñåáÿ àâòîìàòè÷åñêîå ïîñòðîåíèå ïåðôóçèîííûõ êàðò äëÿ ïîêàçàòåëÿì: îáúåì ìîçãîâîãî 
êðîâîòîêà CBV, îáúåìíàÿ ñêîðîñòü êðîâîòîêà CBF è ñðåäíåå âðåìÿ öèðêóëÿöèè MTT â î÷àãàõ äå-
ìèåëèíèçàöèè è âíåøíå íåèçìåíåííûõ ñòðóêòóðàõ ãîëîâíîãî ìîçãà. 

Ðåçóëüòàòû. Áîëüøîé ðàçáðîñ ïîêàçàòåëåé CBV â î÷àãàõ ìîæåò ñâèäåòåëüñòâîâàòü î ãåòåðîãåííîñòè 
ïðîèñõîäÿùèõ â íèõ ïðîöåññîâ – îò ðåàêòèâàöèè âîñïàëåíèÿ äî ðåìèåëèíèçàöèè. Âûÿâëåííîå íàìè 
çíà÷èìîå ñíèæåíèå ïåðôóçèè â ëåíòèêóëÿðíûõ ÿäðàõ âíå çàâèñèìîñòè îò òÿæåñòè çàáîëåâàíèÿ, êî-
òîðîå îòðèöàòåëüíî êîððåëèðîâàëî ñ âûðàæåííîñòüþ óòîìëÿåìîñòè, ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî 
òåðàïèÿ, íàïðàâëåííàÿ íà óëó÷øåíèå ïåðôóçèè ãîëîâíîãî ìîçãà, ìîæåò èñïîëüçîâàòüñÿ â êà÷åñòâå 
ñèìïòîìàòè÷åñêîé òåðàïèè ÐÑ. Ó÷èòûâàÿ òî, ÷òî ðåãèîíàðíàÿ ãèïîïåðôóçèÿ îïåðåæàåò ðàçâèòèå 
àòðîôèè, ìû ñ÷èòàåì, ÷òî ëå÷åíèå, íàïðàâëåííîå íà óëó÷øåíèå ïåðôóçèè, ñïîñîáíî ïðåäîòâðàùàòü 
ðàçâèòèå íåéðîäåãåíåðàòèâíûõ èçìåíåíèé ïðè ÐÑ, ÷òî òðåáóåò äàëüíåéøèõ èññëåäîâàíèé.

Êëþ÷åâûå ñëîâà: ðàññåÿííûé ñêëåðîç, óòîìëÿåìîñòü, öåðåáðàëüíàÿ ïåðôóçèÿ, ðåãèîíàðíàÿ ãèïîïåð-
ôóçèÿ, íåéðîäåãåíåðàöèÿ.

Êîíôëèêò èíòåðåñîâ. Àâòîðû äåêëàðèðóþò îòñóòñòâèå ÿâíûõ è ïîòåíöèàëüíûõ êîíôëèêòîâ èíòåðå-
ñîâ, ñâÿçàííûõ ñ ïóáëèêàöèåé íàñòîÿùåé ñòàòüè.

Èñòî÷íèê ôèíàíñèðîâàíèÿ. Èññëåäîâàòåëüñêàÿ ðàáîòà âûïîëíåíà â ðàìêàõ ïîèñêîâûõ íàó÷íûõ èñ-
ñëåäîâàíèé ñîãëàñíî ãîñçàäàíèþ ÈÌ× ÐÀÍ.

Ñîîòâåòñòâèå ïðèíöèïàì ýòèêè. Âñå ó÷àñòíèêè èññëåäîâàíèÿ ïîäïèñàëè èíôîðìèðîâàííîå ñîãëàñèå. 
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ABSTRACT

Background. Neurodegenerative processes play an important role in the development of clinical features 
of multiple sclerosis (MS) as well as in the progression of the disease. At the same time, neurodegenerative 
mechanisms of MS are not completely clear, which makes researchers pay special attention to pathogenetic 
aspects of the disease that have not been studied before. 

Previously it was shown that MS patients can have alterations in the local cerebral blood flow, however, 
the meaning of the detected abnormalities is still not clear.

The aim of our work is to evaluate the perfusion character in the demyelinating lesions and normal-
appearing brain structures, and to determine their relation to clinical features of MS.

Material and methods. 49 patients with relapsing-remitting and secondary progressive MS with clinical 
and MRI remission were included in the study. The patients underwent contrast-enhanced MR perfusion 
of the brain on the 3 Tesla MR-tomograph, as well as the Functional System Score, Expanded Disability 
Status Score and Fatigue Status Score evaluation. The data analysis included automatic construction of 
perfusion maps of the cerebral blood volume (CBV), cerebral blood flow (CBF) and mean transit time 
(MTT) values in the normal-appearing brain structures and in the demyelinating lesions and statistical 
analysis.

Results. The received results allow to presume that variation of CBV values in MS lesions can indicate 
heterogeneity of processes in these lesions – from reactivation of inflammation to remyelination.

Significant reduction of perfusion in nucleus lenticularis was revealed. This reduction did not depend 
on the severity of the disease and correlated negatively with the fatigue score. This allows to suppose 
that the therapy focused on brain perfusion improvement can be used as symptomatic therapy of MS. 
Considering the fact that regional hypoperfusion precedes the development of brain structure atrophy, it 
is hypothesized that the improvement of perfusion may prevent neurodegeneration in MS. The obtained 
findings need further investigation.

Key words: multiple sclerosis, fatigue, cerebral perfusion, regional hypoperfusion, neurodegeneration.
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ВВЕДЕНИЕ

Ñíèæåíèå öåðåáðàëüíîé ïåðôóçèè ó áîëüíûõ 
ðàññåÿííûì ñêëåðîçîì (ÐÑ) áûëî ïðîäåìîíñòðè-
ðîâàíî áîëåå 30 ëåò íàçàä ñ ïîìîùüþ îäíîôî-
òîííîé ýìèññèîííîé êîìïüþòåðíîé òîìîãðàôèè 
è ïîçèòðîííî-ýìèññèîííîé òîìîãðàôèè (ÏÝÒ) 
[1–4]. Äëèòåëüíîå âðåìÿ ýòè äàííûå áûëè íå âîñ-
òðåáîâàíû. Îäíàêî â ñâÿçè ñ àêòèâíûì èçó÷åíèåì 
íåéðîäåãåíåðàòèâíûõ ïðîöåññîâ ïðè ÐÑ è îòñóò-
ñòâèåì ýôôåêòèâíîé òåðàïèè, ïðåäîòâðàùàþùåé 
èõ ðàçâèòèå, âíîâü âîçðîñ èíòåðåñ ê èçó÷åíèþ 
èçìåíåíèé ïîêàçàòåëåé ëîêàëüíîãî êðîâîòîêà â 
ãîëîâíîì ìîçãå ýòîé êàòåãîðèè áîëüíûõ. Øèðî-
êîå âíåäðåíèå è ñîâåðøåíñòâîâàíèå ìàãíèòíî-ðå-
çîíàíñíîé òîìîãðàôèè (ÌÐÒ), ïîçâîëÿþùåé 
ñîïîñòàâëÿòü ñòðóêòóðíûå èçìåíåíèÿ ãîëîâíî-
ãî ìîçãà è ëîêàëüíóþ ãåìîäèíàìèêó â îòäåëüíî 
âçÿòûõ çîíàõ èíòåðåñà, çíà÷èòåëüíî ðàñøèðèëè 
âîçìîæíîñòè èçó÷åíèÿ ëîêàëüíîé öåðåáðàëü-
íîé ïåðôóçèè. Â íàñòîÿùåå âðåìÿ èñïîëüçóþòñÿ 
ìåòîäû êàê êîíòðàñòíîé, òàê è áåçêîíòðàñòíîé 
ÌÐ-ïåðôóçèè. Êîëè÷åñòâåííûìè ïîêàçàòåëÿìè 
ëîêàëüíîãî êðîâîòîêà ÿâëÿþòñÿ: îáúåìíàÿ ñêî-
ðîñòü êðîâîòîêà (CBF) – ñêîðîñòü ïðîõîæäåíèÿ 
îïðåäåëåííîãî êîëè÷åñòâà êðîâè ÷åðåç 100 ã ìîç-
ãîâîãî âåùåñòâà çà åäèíèöó âðåìåíè (ìë/100/
ìèí), îáúåì ìîçãîâîãî êðîâîòîêà (CBV) – îáùåå 
êîëè÷åñòâî êðîâè â êîíêðåòíîì îáúåìå ãîëîâíî-
ãî ìîçãà (ìë/100 ã ìîçãîâîé òêàíè), ñðåäíåå âðå-
ìÿ öèðêóëÿöèè (MTT) – âðåìÿ, çà êîòîðîå êðîâü 
ïðîõîäèò ÷åðåç 100 ã ìîçãîâîé òêàíè. 

Èçìåíåíèÿ ïåðôóçèè ãîëîâíîãî ìîçãà ïðè ÐÑ 
èçó÷àëèñü êàê â î÷àãàõ äåìèåëèíèçàöèè, òàê è âî 
âíåøíå íåèçìåíåííîì áåëîì âåùåñòâå (ÍÁÂ) è 
íåèçìåíåííîì ñåðîì âåùåñòâå (ÍÑÂ). Íåêîòîðûå 
èññëåäîâàòåëè îòìåòèëè, ÷òî î÷àãè ïðè ÐÑ â îñ-
íîâíîì ðàñïîëàãàþòñÿ â çîíàõ ñ íèçêèìè ïîêàçà-
òåëÿìè ïåðôóçèè [5, 6] è èõ îáúåì îòðèöàòåëüíî 
êîððåëèðóåò ñ ðåãèîíàðíîé CBF [7]. Áûëî îáíà-
ðóæåíî ïîâûøåíèå CBF è CBV â î÷àãàõ, íàêà-
ïëèâàþùèõ êîíòðàñòíîå âåùåñòâî íà âçâåøåííûõ 
èçîáðàæåíèÿõ (ÂÈ) Ò1, ÷òî, ïî ìíåíèþ èññëå-
äîâàòåëåé, ìîæåò ñâèäåòåëüñòâîâàòü îá èíäóöè-
ðîâàííîé âîñïàëåíèåì âàçîäèëàòàöèè [8]. Y. Ge 
è ñîàâò. îáñëåäîâàëè 17 áîëüíûõ c ðåìèòòèðóþ-
ùèì òèïîì ÐÑ (ÐÐÐÑ) ñ ïîìîùüþ êîíòðàñòíîé 
ÌÐ-ïåðôóçèè. Ïðè ñðàâíåíèè îñíîâíûõ ïîêàçà-
òåëåé ïåðôóçèè â î÷àãàõ ñ êîíòðàëàòåðàëüíûì 
ÍÁÂ àâòîðû âûäåëèëè òðè òèïà î÷àãîâ: ïåðâûé –  
î÷àãè, íàêàïëèâàþùèå êîíòðàñòíîå âåùåñòâî; 
âòîðîé – î÷àãè, íå íàêàïëèâàþùèå êîíòðàñòíîå 
âåùåñòâî, â êîòîðûõ ïåðôóçèîííûå õàðàêòåðè-
ñòèêè àíàëîãè÷íû î÷àãàì, íàêàïëèâàþùèì êîí-

òðàñò; òðåòèé òèï – î÷àãè, íå íàêàïëèâàþùèå 
êîíòðàñòíîå âåùåñòâî è ñ ïåðôóçèîííûìè õàðàê-
òåðèñòèêàìè, îòëè÷íûìè îò ïåðâîãî òèïà. Â ïåð-
âîì è âòîðîì òèïàõ î÷àãîâ îòìå÷åíî ïîâûøåíèå 
CBF è CBV. Ïîëó÷åííûå ðåçóëüòàòû ïîêàçàëè, 
÷òî ïåðôóçèîííîå èññëåäîâàíèå ïîçâîëÿåò îïðå-
äåëÿòü î÷àãè, â êîòîðûõ íåò ãðóáîãî íàðóøåíèÿ 
ãåìàòîýíöåôàëè÷åñêîãî áàðüåðà (íåò íàêîïëåíèÿ 
êîíòðàñòíîãî âåùåñòâà íà Ò1 ÂÈ), íî, òåì íå 
ìåíåå, ìîæåò èìåòü ìåñòî ðåàêòèâàöèÿ âîñïàëå- 
íèÿ [9].

Èññëåäîâàíèÿ ñ ïîìîùüþ êîíòðàñòíîé ÌÐ- 
ïåðôóçèè îáíàðóæèëè ñíèæåíèå CBF â ÍÁÂ ïðè 
êëèíè÷åñêè èçîëèðîâàííîì ñèíäðîìå, ïîäîçðè-
òåëüíîì íà ðàçâèòèå ÐÑ, ïðè ÐÐÐÑ è ïåðâè÷-
íî-ïðîãðåññèðóþùåì (ÏÏ) ÐÑ ïî ñðàâíåíèþ ñî 
çäîðîâûì êîíòðîëåì [10–13]. Ïîëó÷åííûå ðå-
çóëüòàòû ïîçâîëèëè àâòîðàì ïðåäïîëîæèòü, ÷òî 
öåðåáðàëüíàÿ ãèïîïåðôóçèÿ ÍÁÂ ðàçâèâàåòñÿ ó 
áîëüíûõ ÐÑ óæå íà ðàííèõ ñòàäèÿõ çàáîëåâàíèÿ 
íåçàâèñèìî îò òèïà òå÷åíèÿ è, âîçìîæíî, ÿâ-
ëÿåòñÿ îäíèì èç âàæíûõ ïàòîãåíåòè÷åñêèõ çâå-
íüåâ ðàçâèòèÿ ÐÑ. Ãèïîïåðôóçèÿ ó áîëüíûõ ÐÑ 
áûëà âûÿâëåíà òàêæå â êîðå è ïîäêîðêîâîì ñå-
ðîì âåùåñòâå [14, 15]. Íåêîòîðûå èññëåäîâàòåëè 
îáíàðóæèëè ñòðîãóþ âçàèìîñâÿçü ìåæäó êîãíè-
òèâíûìè íàðóøåíèÿìè è ãèïîïåðôóçèåé êîðû è 
ïîäêîðêîâîãî ñåðîãî âåùåñòâà êàê ó áîëüíûõ ñ 
ÐÐÐÑ, òàê è ñ âòîðè÷íî-ïðîãðåññèðóþùèì (ÂÏ) 
òå÷åíèåì ÐÑ [15–17]. Îäíàêî â èññëåäîâàíèè  
M. Ingrisch è ñîàâò. (2017) [18], âêëþ÷àâøåì 24 
áîëüíûõ ÐÑ è 16 ÷åëîâåê ãðóïïû êîíòðîëÿ, çíà-
÷èìîé ãèïîïåðôóçèè ÍÁÂ â òàëàìóñå è ìîñòó íå 
âûÿâëåíî. Òàêèì îáðàçîì, ðåçóëüòàòû èññëåäîâà-
íèé ëîêàëüíîé öåðåáðàëüíîé ïåðôóçèè ó áîëü-
íûõ ÐÑ, âîçîáíîâèâøèåñÿ â òå÷åíèå ïîñëåäíåãî 
äåñÿòèëåòèÿ, ÷àñòî ïðîòèâîðå÷èâû, ÷òî äåëàåò 
àêòóàëüíûìè äàëüíåéøèå ðàáîòû â ýòîì íàïðàâ-
ëåíèè. 

Öåëü èññëåäîâàíèÿ – îöåíèòü îñîáåííîñòè ëî-
êàëüíîãî êðîâîòîêà â î÷àãàõ äåìèåëèíèçàöèè è 
âíåøíå íåèçìåíåííîì ñåðîì è áåëîì âåùåñòâå ãî-
ëîâíîãî ìîçãà è îïðåäåëèòü èõ âçàèìîñâÿçü ñ êëè-
íè÷åñêèìè ïðîÿâëåíèÿìè ðàññåÿííîãî ñêëåðîçà.

МАТЕРИАЛЫ И МЕТОДЫ
Â èññëåäîâàíèè ïðèíÿëè ó÷àñòèå 52 áîëüíûõ 

ÐÑ, â òîì ÷èñëå òðîå áûëè èñêëþ÷åíû èç èññëåäî-
âàíèÿ â ñâÿçè íàëè÷èåì ÌÐ-ïðèçíàêîâ àêòèâíîñòè 
ïðîöåññà. Â èññëåäîâàíèå âêëþ÷àëèñü áîëüíûå ñ 
ÐÐÐÑ è ÂÏÐÑ, îïðåäåëåííûì ñîãëàñíî êðèòåðèÿì 
Ìàê-Äîíàëüäà (2010). Êðèòåðèåì èñêëþ÷åíèÿ ÿâ-
ëÿëîñü êëèíè÷åñêîå îáîñòðåíèå è (èëè) ÌÐÒ-àê-
òèâíîñòü (íàëè÷èå íà ÌÐÒ î÷àãîâ, íàêàïëèâàþ-
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ùèõ êîíòðàñòíîå âåùåñòâî) çàáîëåâàíèÿ, òåðàïèÿ 
ñèñòåìíûìè êîðòèêîñòåðîèäàìè çà ïîñëåäíèå 
30 äíåé, èçìåíåíèÿ â ñõåìàõ ïàòîãåíåòè÷åñêîé 
è (èëè) ñèìïòîìàòè÷åñêîé òåðàïèè çà ïîñëåäíèå  
3 ìåñ. Êîíòðîëüíàÿ ãðóïïà âêëþ÷àëà 10 ñîïîñòà-
âèìûõ ïî ïîëó è âîçðàñòó çäîðîâûõ äîáðîâîëü-
öåâ. Âñå ïàöèåíòû è çäîðîâûå äîáðîâîëüöû ïåðåä 
ïðîâåäåíèåì èññëåäîâàíèÿ è ëþáûõ ìàíèïóëÿöèé 
ïîäïèñûâàëè èíôîðìèðîâàííîå ñîãëàñèå íà ó÷à-
ñòèå â èññëåäîâàíèè è ïðîâåäåíèå ïðîöåäóð.

Ïðîãðàììà îáñëåäîâàíèÿ. Êëèíè÷åñêîå íåâðî-
ëîãè÷åñêîå îáñëåäîâàíèå: áàëëüíàÿ îöåíêà âûðà-
æåííîñòè íåâðîëîãè÷åñêèõ íàðóøåíèé ïî øêàëå 
ôóíêöèîíàëüíûõ ñèñòåì (FS), ðàñøèðåííîé øêà-
ëå èíâàëèäèçàöèè (EDSS) è ïî øêàëå óòîìëÿåìî-
ñòè Fatigue Severity Scores (FSS). Äëÿ ñîïîñòàâëå-
íèÿ êëèíè÷åñêèõ ïðîÿâëåíèé ÐÑ ñ ðåçóëüòàòàìè 
àíàëèçà ÌÐ-ïåðôóçèè áîëüíûå áûëè ðàçäåëåíû 
íà ãðóïïû â ñîîòâåòñòâèè ñî ñòåïåíüþ èíâàëèäè-
çàöèè ñîãëàñíî øêàëå EDSS: 1 – ëåãêàÿ èíâàëè-
äèçàöèÿ (0–3,0 áàëëà); 2 – óìåðåííàÿ èíâàëèäèçà-
öèÿ (3,5–6,0 áàëëîâ); 3 – òÿæåëàÿ èíâàëèäèçàöèÿ 
(áîëåå 6,0 áàëëîâ).

ÌÐÒ-îáñëåäîâàíèå ïðîâîäèëîñü íà àïïàðàòå 
ACHIEVA 3Ò (Philips, ßïîíèÿ) ïðè ïîìîùè 8-êà-
íàëüíîé ãîëîâíîé êàòóøêè. Ïðîòîêîë ñêàíèðî-
âàíèÿ âêëþ÷àë â ñåáÿ Ò2 TSE èçîáðàæåíèÿ (TR/
TE = 3000/80 ms, 28 ñðåçîâ, òîëùèíà ñðåçà 3 ìì), 
àêñèàëüíûå è ñàãèòòàëüíûå FLAIR èçîáðàæåíèÿ 
(TR/TE = 11000/125 ms, TI = 2 800 ms, 28 ñðåçîâ, 
òîëùèíà ñðåçà 3 ìì), ïðåêîíòðàñòíûå Ò1 SE èçî-
áðàæåíèÿ (TR/TE = 700/10 ms, 28 ñðåçîâ, òîë-
ùèíà ñðåçà 3 ìì), ïîñòêîíòðàñòíûå 3D FFE Ò1 
ñåðèè èçîáðàæåíèé (TR/TE = 500/50 ms, 96 ñðå-
çîâ, òîëùèíà ñðåçà 1 ìì). ÌÐ-ïåðôóçèÿ ñ êîíò- 
ðàñòíûì óñèëåíèåì äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ 
CBF, CBV, MTT. Èçìåðåíèå ïîêàçàòåëåé êîíò- 
ðàñòíîé ÌÐ-ïåðôóçèè ïðîâîäèëîñü ìàíóàëüíî 
â î÷àãàõ äåìèåëèíèçàöèè è âíåøíå íå èçìåíåí-
íîì áåëîì âåùåñòâå, ðàñïîëîæåííîì êîíòðàëà-
òåðàëüíî. Êðîìå òîãî, îöåíèâàëèñü ïîêàçàòåëè 
ïåðôóçèè íà óðîâíå ìîñòà, ñðåäíåãî ìîçãà, â òà-
ëàìóñàõ, ëåíòèêóëÿðíûõ ÿäðàõ, êîëåíå è âàëèêå 
ìîçîëèñòîãî òåëà, â áåëîì âåùåñòâå áàçàëüíûõ 
îòäåëîâ ëîáíûõ äîëåé, â ñåìèîâàëüíûõ öåíòðàõ, â 
îñíîâàíèè ïðå- è ïîñòöåíòðàëüíîé èçâèëèí îáî-
èõ ïîëóøàðèé ãîëîâíîãî ìîçãà (ðèñ. 1).

Ñòàòèñòè÷åñêèé àíàëèç. Èñïîëüçîâàëèñü 
êîððåëÿöèîííûé àíàëèç (êîýôôèöèåíò ðàíãîâîé 
êîððåëÿöèè Ñïèðìåíà, óðîâåíü çíà÷èìîñòè p < 
0,01), îäíîôàêòîðíûé äèñïåðñèîííûé àíàëèç ñ 
ïðîöåäóðîé post-hoc ñ èñïîëüçîâàíèåì êðèòåðèÿ 
Ôèøåðà è ïðîâåðêîé ïðåäïîëîæåíèÿ î íîðìàëü-
íîñòè ðàñïðåäåëåíèé è ãîìîãåííîñòè äèñïåðñèé ñ 

èñïîëüçîâàíèåìè òåñòîâ Øàïèðî – Óèëêà è Ëå-
âåíå (p < 0,05), à òàêæå íåïàðàìåòðè÷åñêèé òåñò 
Êðàñêåëëà – Óîëëèñà (p < 0,05). 

Ïðèâåäåíû òå ðåçóëüòàòû, êîòîðûå âûÿâëÿ-
þòñÿ êàê ïàðàìåòðè÷åñêèìè, òàê è íåïàðàìå-
òðè÷åñêèìè ìåòîäàìè àíàëèçà. Ñòàòèñòè÷åñêàÿ 
îáðàáîòêà ïðîâîäèëàñü ñ èñïîëüçîâàíèåì ïðî-
ãðàììû Statistica 10.0 for Windows (ñåðèéíûé № 
AXAR208F447913FA-B).

Ðèñ. 1. Âûáîð çîí èíòåðåñà íà ïîñòêîíòðàñòíûõ âçâå-
øåííûõ èçîáðàæåíèÿõ Ò1 è ïåðôóçèîííûõ êàðòàõ

Fig. 1. Areas of interest on the post-contrast T1-WI and 
perfusion maps

РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ
Çíà÷èìûõ ðàçëè÷èé CBV, CBF, MTT â î÷àãàõ, 

ãèïîèíòåíñèâíûõ íà T1 ÂÈ ïî ñðàâíåíèþ ñ ñèì-
ìåòðè÷íîé çîíîé ÍÁÂ êîíòðàëàòåðàëüíîãî ïîëó-
øàðèÿ êàê âî âñåé ãðóïïå áîëüíûõ ÐÑ, òàê è â 
îòäåëüíî âçÿòûõ ãðóïïàõ ñ ëåãêîé, óìåðåííîé è 
òÿæåëîé èíâàëèäèçàöèåé íå âûÿâëåíî (ðèñ. 2).

Áîëüøîé ðàçáðîñ CBV è CBF â î÷àãàõ ìîæåò 
ñâèäåòåëüñòâîâàòü î ãåòåðîãåííîñòè î÷àãîâ, ãèïî-
èíòåíñèâíûõ íà T1 ÂÈ, âêëþ÷àÿ êàê «èñòèííî» 
íåàêòèâíûå î÷àãè, òàê è î÷àãè, â êîòîðûõ ìîæåò 
ðàçâèâàòüñÿ ðåàêòèâàöèÿ âîñïàëåíèÿ, íå âûçûâà-
þùàÿ ãðóáîãî íàðóøåíèÿ öåëîñòíîñòè ãåìàòî-
ýíöåôàëè÷åñêîãî áàðüåðà [19]. Òàêèì îáðàçîì, 
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îòñóòñòâèå íà Ò1 ÂÈ ïðîâîäèìûõ ñ êîíòðàñòèðî-
âàíèåì î÷àãîâ, íàêàïëèâàþùèõ êîíòðàñò, íå âñåã-
äà ñîîòâåòñòâóåò èñòèííîé ðåìèññèè. Ýòîò ôàêò 
ìîæåò îáúÿñíÿòü êëèíè÷åñêèå ñèòóàöèè, â êîòî-
ðûõ îòìå÷àåòñÿ íàðàñòàíèå íåâðîëîãè÷åñêîãî äå-
ôèöèòà áåç ÌÐ-àêòèâíîñòè ïðîöåññà íà Ò1 ÂÈ ñ 
êîíòðàñòèðîâàíèåì. Â òàêîé ñèòóàöèè ðå÷ü ìî-
æåò èäòè íå î íà÷àëå íåóêëîííîãî ïðîãðåññèðî-
âàíèÿ, à î «âÿëî òåêóùåì» îáîñòðåíèè, êîòîðîå 
òðåáóåò ñîîòâåòñòâóþùåé òåðàïèè 9 (ðèñ. 3, 4).

Ðèñ. 3. Ìîçãîâîé êðîâîòîê â nucleus lenticularis ó 
ïàöèåíòîâ ñ ðàññåÿííûì ñêëåðîçîì ïî ñðàâíåíèþ ñ 
ãðóïïîé êîíòðîëÿ: 0 – êîíòðîëüíàÿ ãðóïïà, 1 – ëåã-
êàÿ èíâàëèäèçàöèÿ, 2 – óìåðåííàÿ èíâàëèäèçàöèÿ, 3 –  
òÿæåëàÿ èíâàëèäèçàöèÿ; m ± 95%-é äîâåðèòåëüíûé 
èíòåðâàë. * çíà÷èìûå îòëè÷èÿ îò êîíòðîëüíîé ãðóïïû

Fig. 3. Significant decrease in the nucleus lenticularis 
CBF values in MS patients in comparison with healthy 
controlsss: 0 – healthy control, 1 – mild disability, 2 –  
moderate disability, 3 – severe disability, m ± 0.95 
confidence intervals. * significant difference from the 

control group

Ðèñ. 4. Âçàèìîñâÿçü ìåæäó èçìåíåíèåì ïåðôóçèè è 
òÿæåñòüþ ìîçæå÷êîâûõ íàðóøåíèé: 0 – îòñóòñòâèå 
ìîçæå÷êîâûõ íàðóøåíèé, 1 – ëåãêàÿ èíâàëèäèçàöèÿ, 2 
– óìåðåííàÿ èíâàëèäèçàöèÿ, 3 – òÿæåëàÿ èíâàëèäèçà-
öèÿ; m ± 95%-é äîâåðèòåëüíûé èíòåðâàë. * çíà÷èìûå 

îòëè÷èÿ îò êîíòðîëüíîé ãðóïïû

Fig. 4. Interrelation between the perfusion values and 
the severity of cerebellar disfunction. ANOVA, m ± 
0.95 confidence intervals, * – significant difference from 
the control group. 0 – without cerebellar disfunction: 
1 – mild disability, 2 – moderate disability, 3 – severe 

disability

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î 
ñíèæåíèè ïåðôóçèè â ëåíòèêóëÿðíûõ ÿäðàõ áè-
ëàòåðàëüíî âî âñåé ãðóïïå áîëüíûõ è äàæå ïðè 
ìèíèìàëüíûõ íàðóøåíèÿõ ïî øêàëå ôóíêöèî-
íàëüíûõ ñèñòåì. Àíàòîìè÷åñêè ëåíòèêóëÿðíûå 
ÿäðà âêëþ÷àþò â ñåáÿ äâå  ñòðóêòóðû: ñêîðëó-
ïó è áëåäíûé øàð. R.B. Postuma è A. Dagher ïðè 
ïðîâåäåíèè ìåòààíàëèçà 126 èññëåäîâàíèé (83 –  
ñ èñïîëüçîâàíèåì ÏÝÒ è 41 – ñ ïðèìåíåíèåì 

Ðèñ. 2. Óðîâåíü CBV (à) è CBF (b) â î÷àãàõ, ãèïîèíòåíñèâíûõ íà Ò1-ÂÈ, íå íàêàïëèâàþùèõ êîíòðàñò-
íîå âåùåñòâî, è êîíòðëàòåðàëüíîì íåèçìåíåííîì áåëîì âåùåñòâå â ãðóïïàõ ñ ðàçëè÷íîé òÿæåñòüþ èí-
âàëèäèçàöèè: 1 – ëåãêàÿ èíâàëèäèçàöèÿ, 2 – óìåðåííàÿ èíâàëèäèçàöèÿ, 3 – òÿæåëàÿ èíâàëèäèçàöèÿ;  

m ± 95%-é äîâåðèòåëüíûé èíòåðâàë 

Fig. 2. CVB (à) and CBF (b) values in contrast-negative T1-WI hypointensive lesions and contralateral normal-ap-
pearing white matter (NAWM) in patients with different disability scale: 1– mild disability, 2 – moderate disability, 

3 – severe disability; m ± confidence interval  95%
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ôóíêöèîíàëüíîé ÌÐÒ) îïðåäåëèëè ðàçëè÷íûå 
ïàòòåðíû êîàêòèâàöèè êîðêîâûõ îáëàñòåé è 
ñòðóêòóð ïîëîñàòîãî òåëà, êîòîðûå, â ÷àñòíîñòè, 
ïîäòâåðäèëè ñóùåñòâóþùóþ ðàíåå êîíöåïöèþ, 
÷òî ñêîðëóïà ÿâëÿåòñÿ îñíîâíîé «ìîòîðíîé» 
ñòðóêòóðîé ïîëîñàòîãî òåëà [20]. Â ïðîâåäåííûõ 
íàìè ðàíåå èññëåäîâàíèÿõ [21, 22] âûÿâëåíî, ÷òî 
íàëè÷èå ìèíèìàëüíûõ êëèíè÷åñêèõ ïðèçíàêîâ 
ïîðàæåíèÿ ôóíêöèîíàëüíûõ ñèñòåì, çà èñêëþ-
÷åíèåì çðèòåëüíûõ íàðóøåíèé, ñîïðîâîæäàåòñÿ 
ðàçâèòèåì îáùåé àòðîôèè è íåéðîäåãåíåðàòèâ-
íûìè èçìåíåíèÿìè ñêîðëóïû è, â ìåíüøåé ñòå-
ïåíè, òàëàìóñà. Êðîìå òîãî, ïðè àíàëèçå èçìåíå-
íèé â ãðóïïàõ ïàöèåíòîâ ñ ðàçëè÷íîé ñòåïåíüþ 
èíâàëèäèçàöèè áûëî ïîêàçàíî, ÷òî ãëîáàëüíûå 
è ðåãèîíàðíûå àòðîôè÷åñêèå íàðóøåíèÿ (ñêîð-
ëóïû, òàëàìóñà, îòäåëüíûõ ðåãèîíîâ êîðû) äî-
ñòîâåðíî îòëè÷àþòñÿ îò íîðìû ïðè óìåðåííîé è 
âûðàæåííîé èíâàëèäèçàöèè (3,5 áàëëà è âûøå). 

Ïðè ìîðôîìåòðè÷åñêîì àíàëèçå îáúåì ñòðóêòóð, 
ñîñòàâëÿþùèõ ëåíòèêóëÿðíîå ÿäðî, äîñòîâåðíî 
ñíèæàåòñÿ â ãðóïïå áîëüíûõ ÐÐÐÑ ñ äëèòåëüíî-
ñòüþ çàáîëåâàíèÿ áîëåå 5 ëåò è ïðè ÂÏÐÑ. Òàêèì 
îáðàçîì, êàê è â èññëåäîâàíèÿõ, ïðîâåäåííûõ 
äðóãèìè àâòîðàìè [8, 10–12], ïîëó÷åííûå íàìè 
ðåçóëüòàòû ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî öåðå-
áðàëüíàÿ ãèïîïåðôóçèÿ ðàçâèâàåòñÿ ó áîëüíûõ 
ÐÑ óæå íà ðàííèõ ñòàäèÿõ è, âîçìîæíî, ÿâëÿåò-
ñÿ îäíèì èç âàæíûõ ïàòîãåíåòè÷åñêèõ çâåíüåâ â 
ðàçâèòèè íåéðîäåãåíåðàòèâíûõ èçìåíåíèé ãîëîâ-
íîãî ìîçãà ó áîëüíûõ ÐÑ.

Ïðè êîððåëÿöèîííîì àíàëèçå êëèíè÷åñêèõ 
ïàðàìåòðîâ è ïîêàçàòåëåé ëîêàëüíîé ïåðôóçèè 
âûÿâëåíà çíà÷èìàÿ îòðèöàòåëüíàÿ êîððåëÿöèÿ 
ìåæäó óòîìëÿåìîñòüþ è CBF â ëåâîì è ïðàâîì 
ëåíòèêóëÿðíûõ ÿäðàõ (êîýôôèöèåíòû ðàíãîâîé 
êîððåëÿöèè Ñïèðìåíà ð = –0,568 è ð = –0,569 
ñîîòâåòñòâåííî, ðèñ. 5).

Ðèñ. 5. Êîððåëÿöèÿ ìåæäó âûðàæåííîñòüþ óòîìëÿåìîñòè ïî øêàëå FSS, áàëëû, è âåëè÷èíîé CBF â ëåâîì  
(ð = –0,568) è ïðàâîì (ð = –0,569) ëåíòèêóëÿðíûõ ÿäðàõ (p < 0,01)

Fig. 5. Correlation between the CBF value in the left (ð = –0.568) and right ( ð = –0.569) lenticular nuclei and FSS 
scale, p < 0.01

ЗАКЛЮЧЕНИЕ
Óòîìëÿåìîñòü ïðè ðàññåÿííîì ñêëåðîçå âñòðå-

÷àåòñÿ ó 75–92% ïàöèåíòîâ, ÿâëÿåòñÿ îäíèì èç 
êëþ÷åâûõ ñèìïòîìîâ, âëèÿþùèõ íà êà÷åñòâî æèç-
íè è ìîæåò áûòü ïåðâûì ñèìïòîìîì îáîñòðåíèÿ 
ÐÑ. Ïàòîãåíåç óòîìëÿåìîñòè ïðè ðàññåÿííîì 
ñêëåðîçå äî íàñòîÿùåãî âðåìÿ ÿâëÿåòñÿ ïðåäìå-
òîì ìíîãî÷èñëåííûõ èññëåäîâàíèé. Óòîìëÿåìîñòü 
ïðè ÐÑ íå èìååò ïðÿìîé ñâÿçè ñ âûðàæåííîñòüþ 
ïàðåçîâ, îäíàêî ó ïàöèåíòîâ ñ ïèðàìèäíîé íåäî-
ñòàòî÷íîñòüþ âñòðå÷àåòñÿ ÷àùå [23]. Ó÷èòûâàÿ, 
÷òî ñêîðëóïà, âõîäÿùàÿ â ñîñòàâ ëåíòèêóëÿðíîãî 
ÿäðà, ÿâëÿåòñÿ îñíîâíîé «ìîòîðíîé» ñòðóêòóðîé 
ïîëîñàòîãî òåëà [20], ïîëó÷åííûå íàìè äàííûå 
ìîãóò îáúÿñíèòü áîëåå ÷àñòûå íàáëþäåíèÿ ïîâû-
øåííîé óòîìëÿåìîñòè ó ïàöèåíòîâ ñ ïèðàìèäíîé 

íåäîñòàòî÷íîñòüþ. Ýòî ïîçâîëÿåò ïðåäïîëîæèòü, 
÷òî òåðàïèÿ, íàïðàâëåííàÿ íà óëó÷øåíèå ïåðôó-
çèè ãîëîâíîãî ìîçãà, ìîæåò èñïîëüçîâàòüñÿ â êà-
÷åñòâå ñèìïòîìàòè÷åñêîãî ëå÷åíèÿ óòîìëÿåìîñòè 
ó áîëüíûõ ÐÑ. Êðîìå òîãî, ó÷èòûâàÿ òîò ôàêò, 
÷òî ðåãèîíàðíàÿ ãèïîïåðôóçèÿ îïåðåæàåò ðàçâè-
òèå àòðîôèè, ìîæíî ïðåäïîëîæèòü, ÷òî ëå÷åíèå, 
íàïðàâëåííîå íà óëó÷øåíèå ïåðôóçèè, ìîæåò 
ïðåäîòâðàùàòü ðàçâèòèå íåéðîäåãåíåðàòèâíûõ èç-
ìåíåíèé, ÷òî òðåáóåò äàëüíåéøåãî èññëåäîâàíèÿ.
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