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Post-stroke fatigue (PSF) is a common syndromestfoke survivors. Aim. Identify clinical and neuraging factors
associated with different PSF domains over thergkbalf year after acute cerebrovascular event&jAaterial and methods. There
were examined 194 patients at 6, 9 and 12 mortérsACE. Global PSF and PSF domains were measyneaitidimensional fatigue
inventory-20 scale. Results. It had been identiftes significant prevalence of global PSF and maydPSF in stroke patients in
comparison with TIA. In univariate logistic regriessanalysis, in stroke patients it had been faetidble associations between MRS
score and risk of global PSF as well as risk of EISfmains related to physical activity. Infraterabiinfarcts were significantly
associated with increased risk of global PSF aritbwhatter lesion extension, according to Fazegale score, was directly associated
with significant higher risk of mental and motiwatal PSF. Conclusion. Decreased post-stroke furattability, infratentorial ischemic
stroke location and leukoaraiosis grade could bgrastic factors for certain PSF domains overéaersd half year after ACE.
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Post-stroke fatigue (PSF) is a common syndromstfoke survivors [3, 4]. PSF exerts a negative
impact on participation in physical activities arehabilitation [2]. Patients with PSF have diffiguin
resuming social, familial, and professional adteit[19]. Evidences indicate that PSF is evolvingtim
domain entity [3]. PSF has multidimensional cawseging depending on timing after stroke occurrg@dég
Understanding triggering factors for PSF develogmever different post-stroke periods has crucial
importance for early prevention and effective PSagement. In our previous works we revealed traes
neurological and neuroimaging factors have siggificassociations with certain PSF components witign
first 3 months after stroke occurrence [3, 5]. Mwer, to the best of our knowledge, up to now theebeen
no research on the clinical and neuroimaging detemis of certain PSF domains over the later peradtbr
acute cerebrovascular events (ACE).

The purpouse of the study were to identify clinical and neuraging factors associated with
different PSF domains over the second half year AIEE occurrence.

Material and methods. Initially we enrolled in the study 194 patient87lwith ischemic strokes, 19
with hemorrhagic strokes and 38 with TIA. Patientse included in the study if they agreed to pipdite
and were able to provide informed consent. Exdlusiiteria were major medical illness that couldss
secondary fatigue (oncological, hematological diesacardiac, liver, kidney and respiratory insigficy,
progressive angina pectoris, acute myocardial dtifar), alcohol abuse, consciousness impairments,
insufficient cognitive ability (Mini-Mental Statex@mination scores less than 24) [6], depressiveaaribus
disorders (Hospital Anxiety and Depression Scateescmore than 10 for both pathologies) [25], imgzhi
speech function to participate (severe dysphasidysarthria), impaired language or written ability
complete the study questionnaire, severe functidisabilities (modified Rankin scale (MRS) scord$.

Patients' characteristics had been evaluated caosistty)in definite time points: at 6, 9 and 12 nfrent
after ACE occurrence. During the third quarter adtgstroke year 21 patients (12 with ischemic strékwith
hemorrhagic stroke, and 4 with TIA) and during It quarter of post-stroke year 14 more patiéhtsiih
ischemic stroke, 2 with hemorrhagic stroke andtB WIA) were dropped out due to different reas@e. at
9 and 12 months after ACE we have examined 173 88gatients, respectively. PSF was measured by sel
report multidimensional fatigue inventory-20 (MF)2questionnaire which covers global, physical, talen
activity-related and motivational fatigue dimensioA cut-off of 12 out of 20 for every sub-scales feeen
suggested for use with people with stroke [15]. &lbstroke patients we recorded such clinicalaldés as
affected cerebral hemisphere (right — left) and-ptveke functional disability (according to MRSose).
Additionally, for ischemic stroke patients we raima some specific variables — stroke subtype (acumlar —
lacunar, according to TOAST criteria [1]) and aféet cerebral arterial region (carotid — vertebritgs
Among enrolled patients 141 subjects underwent headnetic resonance imaging (MRI) — 107 with
ischemic strokes, 5 with hemorrhagic strokes anavi®® TIA. MRI studies were performed with a 1,5-T
system (Siemens MAGNETOM Avanto 1.5T) and 0,2-Tesys(Signa Profile HD GE 012.
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For measurement of brain atrophy we used planica¢tindexes: bifrontal index (BFI), bicaudate
index (BCI), maximum diameter of the third vengielnd cortical atrophy index (CAl) on T1 MRI sequen
[9]. BFI — maximum width of the anterior horns bétlateral ventricles in relation to the inner Ekutith at
the same level. BCl — minimum width of the laterahtricles in relation to the inner skull at thensalevel.
CAI — sum of the width of the four widest sulctlag two highest scanning levels divided into maximoner
scull diameter. White matter lesions derived frdadfattenuated inversion recovery (FLAIR) imagivgs
graded from O to 3 on Fazekas scale on the basisual assessment both periventricular (O=ab&ewtps
or pencil lining, 2=smooth halo, and 3=irregulariyentricular hyperintensities extending into deelpite
matter) and subcortical areas (O=absent, 1=puectioai, 2=beginning confluence of foci, and 3=large
confluent areas) [6]. The total Fazekas scale sgasecalculated by adding the periventricular afxtsrtical
scores [22]. Leukoaraiosis severity was gradedrdrmpto the Fazekas scale as mild (1-2), modéBa#),
and severe (5—6). Continuous variables with paréneistribution (according to Shapiro-Wilk testere
represented as meanzstandard deviation. Categdatalwere represented by number (n) and percentage
Differences in categorical variables were compawsuhg chi-square test. Univariate logistic regmssi
analysis was performed to analyze the odds rati®) {@ith 95% confidence intervals (Cl) of clinicatch
neuroimaging variables associated with PSF domé&nslue less 0,05 was taken to indicate statistica
significance. Statistical analyses were perfornsaguSPSS 14.0 statistics software.

Results and its disscusiorPatients' age ranged from 41 to 79 years (63, h15). There were 93
(47,9%) males and 101 (52,1%) females. As can & fseem table 1, over the second half year afteEAC
occurrence it had been observed a significant aseref the risk of global PSF (probably, due taipét
increasing of the risk of physical PSF domain)tinke patients in comparison with TIA patients. @atjents
with strokes, in relation to TIA, had more commaobgl PSF and physical PSF in all time points witiie
observation period: at 6 months - OR 4,37 (95%l@@l7-12,98; p=0,01) and OR, 3,91 (95% CI, 1,44-2,0,5
p=0,01), at 9 months - OR 3,59 (95% CI, 1,19-1081,02) and OR 3,47 (95% CI, 1,15-10,46; p=0,88),
12 months — OR, 4,08 (95% ClI, 1,17-14,26; p=0,08)@R 4,24 (95% CI, 1,22-14,78; p=0,02), respelgtive
Moreover, at 9 months after stroke mental PSF comtowas significant more frequently than after TIA
(OR, 2,87; 95% Cl, 1,04-7,90; p=0,04).

Table 1
Frequencies of certain PSF domains over the secohdlf year after ACE occurrence
PSF domain Time point after ACE occurrence
6 months 9 months 12 months
global
TIA, n (%) 4 (10,5%)* 4 (11,8%)* 3 (9,7%)*
stroke, n (%) 53 (34,0%) 45 (32,4%) 39 (30,5%)
physical
TIA, n (%) 5 (13,2%)* 4 (11,8%)* 3 (9,7%)*
stroke, n (%) 58 (37,2%) 44 (31,7%) 40 (31,3%)
mental
TIA, n (%) 6 (15,8%) 5 (14,7%)* 5 (16,1%)
stroke, n (%) 49 (31,4%) 46 (33,1%) 40 (31,3%)
motivational
TIA, n (%) 5 (13,2%) 4 (11,8%) 4(12,9%)
stroke, n (%) 34 (21,8%) 30 (21,6%) 26 (20,3%)
activity-related
TIA, n (%) 5 (13,2%) 5 (14,7%) 3(9,7%)
stroke, n (%) 41 (26,3%) 35 (25,2%) 29 (22,7%)

* - significant differencep<0,05) by chi-square test in comparison with stymiigents.

Table 2 shows patients’ distribution accordinghteirt clinical characteristics. In patients withoge
univariate logistic regression analysis did notesdvany association between any PSF domain irinadl t
points within the second half year after diseaseioand all analyzed stroke characteristics (afflecerebral
hemisphere, ischemic stroke subtype and affecteebia arterial region for ischemic stroke). TaBle
demonstrates patients’ distribution on the basfsmdtional limitation degree. Over the second kiaHr after
stroke occurrence there were some reliable aseogdietween MRS score values and risk of glob&l #S
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well as risk of such PSF domains that are juste@lto physical activity (physical PSF and activitiated

PSF). Univariate logistic regression analysis slibtiat at 6 months after stroke the MRS score inerg of

1 point was significantly associated with higheskrof global PSF (OR, 1,8%I, 1,27-2,59; p=0,001),
physical PSF (OR, 1,88, 1,29-2,60; p=0,001) and activity-related PSF (OR3;CI, 1,06-2,22; p=0,02).
In the same way, at 9 and 12 months after stro&ermmce identical values were — OR 1,61, (,30-2,80;

p=0,001), OR 1,95], 1,33-2,88; p=0,001), OR 1,5CI( 1,06-2,32; p=0,03) and — OR 1,64,(1,11-2,47;

p=0,01), OR 1,77, 1,18-2,65; p=0,01), OR 1,6BI; 1,06-2,51; p=0,03), respectively.

Table 2
Clinical characteristics of stroke patients at thebaseline
Affected cerebral hemisphere right 84 (53,8%)
left 72 (46,2%)
Ischemic stroke subtype non-lacunar 98 (71,5%)
characteristics lacunar 39 (28.5%)
affected cerebral arterial carotid 90 (65,7%)
region vertebrobasilar 47 (34,3%)
Table 3
Rates of MRS scores over the second half year afteiroke occurrence
MRS score Time point after stroke occurrence
6 months 9 months 12 months
0 24 (15,4%) 31 (22,2%) 31 (24,2%)
1 54 (34,6%) 52 (37,4%) 45 (35,2%)
2 43 (27,6%) 32 (23,8%) 39 (30,5%)
3 35 (22,4%) 24 (16,6%) 13 (10,1%)

First of all, univariate logistic regression anaydid not reveal any reliable statistical regtiesi
between frequencies of any PSF domain and any ataphy indexes (BFI, BCI, third ventricle dianrete
CAl) over the second half year after ACE occurrer@e the other hand, it had been shown that cédrebra
infarcts of infratentorial locations were signifitly associated with increased risk of global PS6 months
(OR, 3,19;CI, 1,34-7,58; p=0,01) and at 12 months (OR, 3dD; 1,25-7,65; p=0,01) after disease
occurrence. Moreover, univariate logistic regrassioalysis showed that the Fazekas scale scoesriant of
1 point was significantly associated with highekrof mental PSF (OR, 1,4@], 1,11-2,00; p=0,01) at 6
months after ACE occurrence as well as with higlig of mental PSF and motivational PSF in later
observation time points — OR 1,56I( 1,13-2,16; p=0,01) and OR 1,611(1,11-2,34; p=0,01) at 9 months,
OR 1,78 (I, 1,24-2,55; p=0,002) and OR 1,64 ,(1,10-2,46; p=0,02) at 12 months, respectively.

The first finding is that in comparison with TIA.excan see the significant prevalence of global and
physical PSF over the second half year after AGiimence. The same peculiarity we previously reackal
within the first 3 months after ACE occurrence [3].

Table 4
Neuroimaging characteristics of stroke patients athe baseline
Ischemic lesion location, n (%) 33 (30,8%)
cortical-subcortical 38 (35,5%)
subcortical infratentorial 36 (33,7%)
Brain atrophy indexes
BFI 0,33+0,04
BCI 0,23+0,06
third ventricle diameter, mm 8,3+2,0
CAl 0,04+0,02
Fazekas scale score, n (%)
1 18 (12,8%)
2 38 (26,9%)
3 35 (24,8%)
4 33 (23,4%)
5 17 (12,1%)

Possibly this phenomenon may be determined in stegeee by post-stroke functional limitations
(whereas TIA don't have any functional deficit) drydextended and permanent ischemic brain lesiertau
stroke (PSF, at least partially, may be of cemrgin [23]). In our study all neurological charagstics of
stroke were not predictive of any PSF domain intamg point within the second half year after digeanset.
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In literature there are controversial data reggrdionnections between stroke features and PSF ale wh
entity. According to systematic review by PoncheleA al. in 11 studies it had not been discovergd a
connection between stroke site and PSF [14]. Orotier hand, it should be noted studies that hadish
relationships between PSF and vertebrobasilaresfibk, 18] and this phenomenon was explained by the
lesion of ascending activating reticular formatfiobrainstem [17]. The second finding is the disdghificant
associations between decreased functional abditgrding to MRS score and risk of global PSF ad asl
risk of PSF domains that are related to physidatigc(physical PSF and activity-related PSF). \Wdaes, to

the above mentioned associations, our previouy stiaowed also significant negative connections betw
MRS score and risk of mental PSF at 1 month asasedit 3 months after stroke [3]. Generally, liteedata
about post-stroke functional status and PSF arte aquntradictory — systematic review of factorst tha
contribute to PSF identified 25 studies in whicH-R#as associated with greater disability and depand
though this association was not detected in otlestlidies [14]. In any case, PSF is an independent
contributor to post-stroke disability (maybe thrbuye various behavioral impacts), so the effectiady
management of PSF might be an important step iagtade rehabilitation [12]. The third finding $®#me
significant regularities between neuroimaging ctigristics (ischemic stroke location, extent of tetmatter
lesion) and increased risk of definite PSF domaiwer the second half year after ACE occurrence.
Infratentorial infarcts were associated with insezhrisk of global PSF. In the same way, cerebfafats of
infratentorial locations were significantly assoethwith increased risk of global PSF at 3 monftes atroke

[5]. Our results support others who found an aasioci between PSF and brainstem strokes and this
phenomenon may be explained, according to autbgréhe interruption of brainstem reticular actiagti
system which is involved in attention [16, 19]. Aduhally, leukoaraiosis extension was directlycassted
with risk of mental PSF and motivational PSF ower decond half year after ACE. Our results arestguh

by other work where the presence of leucoareos{STowas independently associated with PSF at 6 mont
and later after ischemic and hemorrhagic strokesroence [13]. Generally, it's known the importarate
white matter lesions in the pathophysiology ofdiadi at all, for example in chronic fatigue syndromwaes
observed reduced white matter volume [8]. It's Wwathwn that white matter lesions are directly cated
with cognitive decline [20]. Associations betweenHloaraiosis severity and risk of mental PSF can be
explained, at least partially, by the fact thatspas with cognitive impairments try to compenséie t
cognitive deficits by making extra effort with selgsient faster tiredness [19]. According to MFI-2&
essence of fatigue motivational component has aoselap with depressive signs [15]. As known, @hit
matter hyperintensities may contribute to the dgwekent of post-stroke depressive signs (and thaskof
motivational PSF) as directly as well as indirettipugh different mechanisms [10, 21].

D00 Ronosions

1. Over the second half year after strokes, in esiggn with TIA, it had been identified significamigher
rates of global and physical PSF domains.

2. The MRS score was directly associated with Bagmt higher risk of global PSF and of PSF domains
related to physical activity (physical and activigjated PSF).

3. Infratentorial infarcts were associated witmgigantly increased risk of global PSF. 4. Whitettar lesion
extension according to Fazekas scale score wadlyliessociated with significant higher risk of rarand
motivational PSF.

Future investigations in this fieldshould be directed toward identification of cledi@nd neurological factors associated
with general PSF as well as with certain PSF dosdiaring later post-stroke periods.
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KJITHIKO-HEBPOJIOTTYHI TA
HEMPOBI3YAJIBAIIAHI ®AKTOPH,
ACOIIMOBAHI 3 IOCTIHCYJbTHOKO BTOMOIO
HA MPOTSI3I IPYTOI'O MIBPIYYSI IICJIST
PO3BUTKY I'OCTPHUX ITOPYIIEHH MO3KOBOI'O

KPOBOOBIT'Y
HeabBa l. 1.

IMocrincynstHa  Broma  ([1IB) —  pO3MOBCHOKEHE
YCKJIQIHEHHS TOCTPHX MOPYIIEHh MO3KOBOTO KPOBOOOITY
(TTIMK). Mera. Inenrndixysaru KITiHIYHI Ta
HelipoBi3yamizamiiini  Qakropy, acomiifoBaHi 3  pi3HMMH

komronenTamu [1IB Ha mnpotTsi3i apyroro miBpivdst micist
poseutky I'TIMK. Marepian ta meromu. O6GcrexxeHo 194
nawientu yepe3 6, 9Tta 12 micsuis micas [TIMK. I'noGanbhy
ITIB Ta oxpemi 1l KOMIIOHEHTH BHUMIpPIOBAIA 3a IOIOMOIOIO
GararomipHoi mikaau ouinkd Bromu (MIF-20). Pesynbraru.
BusiBrieHa 10CTOBIpHO BHINIA PO3MOBCIO/PKEHICTH TII00ANBHOT Ta
¢izmunoi I1IB mpum iHCynbTax, MOpIBHAHO 3 TPAH3UTOPHUMH
IMeMIYHAMH  aTakaMH. B OZHOBHMIPHOMY JIOTiICTHYHOMY
perpeciiiHoMmy aHami3i 3HaHOEHO OOCTOBIpHI acomiarii Mixk
cTynieHeM  (DYHKI[OHATBHOI ~ HECHPOMOXKHOCTi,  3TiJHO
MomubikoBaHoi mKamu PeHkiHa, Ta PH3UKOM HAasBHOCTI
riobanbHOl 1 ¢isnunoi I1IB. HasBHicTs iH(apTeHTOpiagbHIX
iH(apKTIB acoliroBaiacs 3 MiABUIICHAM PU3HKOM TI00aTBHOT
IIB, a cryniue selikoapeosy, 3rigHo mkamm dasekac, mpsMo
acoliloBayiacss 3 MIJBUIMICHAM pH3MKOM IICHXI4HOI Ta
motuBaniiHoi I1IB. BucHoBkm. PiBeHb (QyHKIIOHATBHOL
HECIIPOMOXHOCTI, iH(paTeHTOpiaNbHA JOKami3amis iH(papKTiB
Ta CTYHiHb JIEHKOapeo3y MOXYTb  PO3DIIATHCA  SIK
nporuoctiyHi (akropu HasBHocti [1IB mpotsirom apyroro
miBpiyust micist po3sutky I TIMK.

KnrouoBi cioBa:  mocTiHCYnbTHA
KpoB0OOi, iH(aKT, IHCYIIBT.

BTOMa, MO3KOBH

Crarrs Hagitinoma 19.11.201%.

KJIMHUKO-HEBPOJIOI'MYECKHUE N
HEWPOBHN3YAJIM3AIIMOHHBIE ®AKTOPHI,
ACCOIIMMPOBAHHBIE C MIOCTAHCYJIbTHOM
YCTAJIOCTBIO HA ITPOTS’KEHUU BTOPOI'O
HOJYroaus nocCJIE PA3BBUTHA OCTPBIX
HAPYIIEHU MO3rOBOI'O KPOBOOBPAIIIEHUS

JeanBa U. U.
TocruncynbTHas  yeranocts (IIMY) — pacnpocTpaHeHHOE
OCJIO’)KHEHHE OCTPBIX HapyIICHHH MO3rOBOTO KPOBOOOpPALICHHUS
(OHMK). Iens.  UpeHtnduumpoBats  KIMHHYECKHE U

HEHpOBH3yaNIM3aIMOHHBIE (haKTOPbI, ACCOLIMHPOBAHHBIC C Pa3HBIMI
komnoHeHTamMu [T1Y Ha mpoTshKeHHH BTOPOTO TOJIYTOAMS IOCIe
paseutist OHMK. Marepuan u wmeromgpl. Ob6cnenosano 194
manuenta depe3 6, 9 u 12 mecsue nocie OHMK. I'mobasnbhyro
I[IMY un ornenbHBIE €€ KOMIIOHEHTHl M3MEPSUIA € TIOMOLIBIO
MHOroMepHO# mikais! oueHkd ycranoctd (MIF-20). Pesynbrarsl.
BrIsiBiieHa JOCTOBEPHO OOJIBIIAS PACIPOCTPAHEHHOCTH ITI00ATBHOI
n  ¢munueckoir [MMY npu WHCynbTax, B CpaBHEHHH C
TPaH3UTOPHBIMH ~ MINEMUYECKHIMH aTakaMH. B oIHOMepHOM
JIOTHCTUYECKOM PErPECCHOHHOM aHAIIM3€ HalfIeHbI JIOCTOBEpHbIC

accolualyn MEXKITY CTEMEHBIO (YHKIMOHAIEHOM
HECOCTOATENIbHOCTH, ~ COTJIACHO — MOJM(ULIMPOBAHHON  IIKane
PonkuHa, u puckoM riobameHOM M Qusuueckor [THY.

Wndaprenropuanbible MHOApKTHI HPSMO  ACCOLMHMPOBAIINCH  C
TIOBBIIICHHBIM pUCKOM obasHO [TY, a creneHs Jeiikoapeosa,
no mkane Pasexac, - ¢ MOBBILCHHBIM PUCKOM IICHXUYECKOU U
MoruBanponHoi IINY. BeBomel. YpoBeHb (YHKIHOHAIBGHOI
HECOCTOSATENIBHOCTH, HH(paTeHTOpUAIEHAS JIOKaJIM3aLHs
MH(APKTOB U CTeleHb JieHKoapeo3a MOTYT PaccCMaTpHUBaThCs B
KauyecTBe MpPOTHOCTHYeCKUX (akropoB Hammumst [IAY Ha
MPOTSDKEHUH BTOPOTO Hoyroaust nocie passurust OHMK.
KiroueBble €10Ba: TMOCTUHCYNIBTHAsI yCTAIOCTh, MO3TOBOE
KpOBOOOpaIleH:e, HH(PAKT, HHCYIIBT.
Penenzent JlurBunenko H.B.
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