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EFFECTIVENESS OF ACETYLSALICYLIC ACID IN CORRECTION OF POST-STROKE
FATIGUE DURING ACUTE CEREBROVASCULAR EVENTS

Delva LI
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MocTiHcynbtHa BToMa (T11B) — nOWMpeHni i 4acTo BUCHaXK/IMBUY HACITIOK [HCY/IbTIB, KWW CrIOCTEDIraeTbCsl 6inblie, HK
Y TPETUHU XBOPUX Ha IHCY/IbT. HeaaBHI AOC/IIKEHHS BUSIBU/IM ETIONIONYHY Ta NaToreHETUYHY reTeporeHHicTs 1B 3are-
JKHO Bifi Hacy BUHMKHEHHS MiC/1s1 rOCTPoi epebpoBackynspHoi natosorii (FUYf1). [1IB, ska BUHMKAE Mig Hac rocTporo iHcy-
JIbTY, MOB'S3aHa NEPEBAXHO 3 GIOIOriYHUMU (PaKTOpamu, BKITIOHAIOYN IHCY IbT-IHAYKOBAHI iMyHHI Ta 3anasbHi peakuil.
30Kkpema, HamMu BUSIBJIEHI 3HAYHI 3B'S3KM MDK K/IHIYHUMU O3Hakamu [1IB T1a neBHWMN 3aKOHOMIPHOCTSIMU DiBHIB C-
peakTusHoro 6inka (CPB) Ta iHTepnevikiHy (I/1) -18 y cuposatyi kposi npotsrom nepwmx 3 micsuis nicis rnossu L1
(pobota y ApyKy). BpaxoByroun Te, 1o 4715 [1IB He iCHYE YITKO BU3HaYEHOI €TIONOrT, He ICHYE paLioHa/lbHO 0brpyHTOBa-
HUX BTPYyHaHb. SKLWO XX AnCperynsuis iMyHHOI BIAMNOBIAI € Ba/mBuM akTopoM, o cripusie 1IB, BTpyqaHHs, SKi 3MeH-
LIYKOTh 3arasneHHs, € BIAMOBIAHUMY CTPATEriaiMm JliKyBaHHS. byno 6 gouinbeHo po3rsisHytn ACK, xoda i 3 6iribLl BUCOKOHO
103010, HK Lie 3a3Bu4avi BUKOPUCTOBYETLCS [U15 MPOQDINIaKTUKU BTOPUHHOIO iHCY/IbTY, 5K JliKyBaHHs [1IB. Takum YuHOM,
AouinbHo Bus4aty BrimsB ACK y npotusanasbHivi 403i (300 Mr Ha [06Y) Ha MapKepU CUCTEMHOIO 3araseHHs i Ha KITiHIY-
Hwi nepebir MIB npotsrom nepumx 3 micsayis nicis rnossu M. MeToro AOC/TIWKEHHS CTaio BUBYEHHS BI/IMBY aLleTuI-
caniynnosoi kucriotu (ACK)B ripotusanaseHivt 4o3i (300 mr Ha 4o6y) Ha KiiHiYHWA nepe6ir MIB Ta MapKkepy cUCTeMHOIo
3ana/ieHHsl MPoTAroM nepLmx 3 MicsuyisB ric/s nosiBu roctTpoi yepebposackyagpHoi npogii (F'Yll). Marepian i metoan. Y
AOCTTIKEHHS BK/TIOHEHO 39 XBOPUX Ha ILLIEMIYHI IHCY/IbTU Ta TPaH3UTOPHI iwemivyHi atakv (TIA), siki noTpebysam ripu-
viomy ACK. Y Bcix nauieHTis giarHoctysasm 1IB ripotsirom niepiumx 3 AHiB nicsis nosisu MM, TIB giarHocTysann 3a 4oro-
MOroto aHKeTn — LKam ouiHku BTomu (FAS). Mu cgopmysann ABi rpyriv nauieHTis. [lepiy (KoHTpossHy rpyry [11B)
cKkniaganm 24 nauieHTv, ski BukopucroByBamm ACK BiArosigHO A0 «EAMHOMO K/IiHIYHOro rpoOTOKO/ly MEANYHOI 4OMOMOIH.
TiwemMiyHmii iHCy/IbT (HeBiaKaaHa, NEPBUHHE, BTOPUHHA (Crieyiani3oBaHa) MeanyHa AOroMora, MequyHa peaobinitadis)».
IM niicns BUKITIOYEHHSI FreMOparidHOro iHCysIbTy HevpoBi3yasizallieto 6ys1o posrnodaro rpmiom ACK B gosax 150-300 mr Ha
AEHb 11i4] Yac repebyBaHHs B CTALIOHAPI 3 HACTYIHUM ripuvioMoM 150 Mr Ha A06y (npoginakTndHa A03a) 6e3rnepepBHO
nicas Bunncky 3 slikapHi. [pyra rpyna (rpyna 1B ACK) cknaganacsa 3 15 nauieHTiB, ski novamm BukopmctoByBatn ACK,
Ti/IbKY MIC/IST BUKITIOYEHHST FeMOParidHoro iHCysibTy, B 403i 300 mMr Ha 06y npoTsarom 3 MicsLiB, 3 MO[a/bLUMM 3MEHLLEH-
HAM [03n [0 75-150 mr Ha o6y (npoginakTmyHa [403a). [iarHocTvka npucyTHOCTI / BiaCyTHOCTI [1IB, BUMIprOBaHHS BU-
paxkeHocTi [1IB 1@ 04HOYaCHOIro BU3HAYEHHST CUCTEMHUX MapKepiB 3arasieHHs] B CUpoBaTLi KPOBI MpoBoAnINCS B NEBHI
MomeHTH Yacy nicnig nodarky IUl: y nepwi 3 AHi, yepe3 1 micsaue i yepe3 3 micaui. KoHyeHTpauii CPb, I1-1B 1a I/1-6 y
CUPOBATLi KpOBi BU3Ha4Yasm 3a [OMOMOrol0 iMyHoGepMeHTHOro aHasnisy. BucHosku. 1. 3actocyBaHHs ACK Baosi 300 mr
Ha f[o6y npoTsaroM 3 MICAUIB y NaLiEHTIB, SIKMM MPOTSroM NepLUMX AHIB Mic/is BuHukHEHHS LT giarHoctysanmn [1IB,
10B'S3aHE 3/ 3HAYHUM 3HWKEHHSM HTEHCUBHOCTI [1IB 3rigHO FAS,NMOpIBHSIHO 3 BUKOPUCTAHHSIM POQIIaKTUHHOI 403u
ACK. 2. BuxopuctanHa ACK B posi 300 mr Ha Aoby niporarom 3 micauis nicas nossu L1 noB's3aHe 3i 3Ha4HOK
Moamgikavjiero 3anasbHoi peakuyii rmicsis IHCy bTy y Burnaai 3miH pisHs CPI1 1a Ii-1B.

Knro4oBi cnoBa: iHcynbT, BTOMa, C-peakTuBHMI Binok, iHTepneiikiH, aueTtuncaniumnosa KicrnoTa.

Post-stroke fatigue (PSF) is a common and often debilitating sequela of strokes that affects more than one third of
stroke patients. Recent investigations revealed etiologic and pathogenetic heterogeneity of PSF depending on the time
after acute cerebrovascular event (ACE). PSF that occur during acute stroke is associated predominantly with biological
factors, including stroke-inducing immune and inflammatory reactions. In particular, we found significant associations
between clinical features of PSF and certain regularities of C-reactive protein (CRP) and interleukin (IL)-18 levels in blood
serum during the first 3 months after ACE occurrence. Given that there is not a clearly defined etiology for PSF, there
are no rationally informed interventions. If dysregulation of the immune response isan important contributing factor to
PSF, interventions that lessen inflammation would be appropriate treatment strategies. It would be reasonable to
consider ASA, albeit at a higher dose than is normally used for secondary stroke prevention, as a treatment for PSF.
Thus, it is advisable to study effects of ASA at the anti-inflammatory dose (300 mg a day) on markers of system
inflammation an don PSF clinical course during the first 3 months after ACE occurrence. Objective: to study effectiveness
of ASA at the anti-inflammatory dose (300 mg a day) on PSF clinical course and ASA effects on markers of system in-
flammation during the first 3 months after acute cerebrovascular event (ACE) occurrence. We recruited in the study 39
in hospital patients with ischemic strokes and transient ischemic attacks (TIA) who needed to take acetylsalicylic acid
(ASA). All patients had been diagnosed with PSF within the first 3 days after ACE onset. PSF was diagnosed by use of
questionnaire — Fatigue Assessment Scale (FAS). We formed two groups of patients. The first group (control PSF group)
consisted of 24 patients who used ASA according to «Unified clinical protocol for medical care. Ischemic stroke (emer-
gency, primary, secondary (specialized) medical aid, medical rehabilitation)» - after excluding hemorrhagic stroke by
neuroimaging it was started ASA intake in the doses of 150-300 mg a day enterally during hospital stay with subsequent
intake of 75-150 mg a day (prophylactic dose) continuously after hospital discharge. The second group (ASA PSF group)
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had 15 patients who started to use ASA just after excluding hemorrhagic stroke in the dosage of 300 mg a day for 3
months with subsequent dose reduction to 75-150 mg a day (prophylactic dosage) continuously. Diagnosis of PSF pres-
ence/absence, measurement of PSF severity and simultaneous measurement of systemic inflammatory markers in blood
serum were carried out at the certain time points after ACE onset: at the first 3 days, at 1 month and at 3 months. Con-
centrations of CRP, IL-18 andIL-6 in blood serum were measured by enzyme-linked immunosorbent assay. The use of
ASA in the dose of 300 mg a day during 3 months in patients who had been diagnosed with PSF within the first days af-
ter ACE occurrence is associated with significant decreasing of PSF intensity due to FAS in comparison with using of pre-
ventive ASA doses. The use of ASA in the dose of 300 mg a day during 3 months after ACE occurrence is associated with
significant modification of post-stroke inflammatory response in form of CRP and IL-1 blood level changes.

Key words: stroke, fatigue, C-reactive protein, interleukin, acetylsalicylic acid.

Post-stroke fatigue (PSF) is a common and often de-
bilitating sequela of strokes that affects more than one
third of stroke patients [1].

Recent investigations revealed etiologic and patho-
genetic heterogeneity of PSFdepending on the time after
acute cerebrovascular event (ACE) [2, 3, 4]. PSF that oc-
cur during acute stroke is associated predominantly with
biological factors [4], including stroke-inducing immune
and inflammatory reactions [5, 6, 7].In particular, we
found significant associations between clinical features of
PSF and certain regularities of C-reactive protein (CRP)
and interleukin (IL)-1B levels in blood serum during the
first 3 months after ACE occurrence (the paper in print).

Given that there is not a clearly defined etiology for
PSF, there are no rationally informed interventions. To
date, very few trials have been done to address therapies
for PSF. In fact, the most recent Cochrane review con-
cluded that “there is insufficient evidence available to
guide the management of fatigue after stroke” [8]. How-
ever, on the other hand, if dysregulation of the immune
response is an important contributing factor to PSF, in-
terventions that lessen inflammation would be appropri-
ate treatment strategies [9]. Based on the studies that
show a decrease in multiple sclerosis related fatigue with
acetylsalicylic acid (ASA) at doses 500 mg a day and
more [10, 11], and as ASA is prescribed to virtually all
patients with ischemic stroke (who do not need to be an-
ticoagulated), it would be reasonable to consider ASA,
albeit at a higher dose than is normally used for secon-
dary stroke prevention, as a treatment for PSF [9]. For
anti-inflammatory purposes ASA is used at the dosage of
300 mg a day or more [12], for example, at doses of 300
mg a day, ASA effectively decreases plasma concentra-
tions of pro-inflammatory substances (including also CRP
and pro-inflammatory cytokines) [13, 14].

Thus, taking into account all above-mentioned facts, it
is advisable to study effects of ASA at the anti-
inflammatory dose (300 mg a day) on markers of system
inflammation and on PSF clinical course during the first 3
months after ACE occurrence.

Objective: to study effectiveness of ASA at the anti-
inflammatory dose (300 mg a day) on PSF clinical course
and ASA effects on markers of system inflammation dur-
ing the first 3 months after ACE occurrence.

Material and methods

We enrolled in the study 39 in hospital patients with
ischemic strokes and transient ischemic attacks (TIA)
who needed to take ASA according to «Unified clinical
protocol for medical care. Ischemic stroke (emergency,
primary, secondary (specialized) medical aid, medical
rehabilitation)». All patients had been diagnosed with
PSF within the first 3 days after ACE onset. Patients
were included in the study if they agreed to participate
and were able to provide informed consent. Exclusion
criteria were major medical iliness that could cause sec-

ondary fatigue (oncological, hematological diseases, car-
diac, liver, kidney and respiratory insufficiency, progres-
sive angina pectoris, acute myocardial infarction), dis-
eases with systemic inflammatory reactions (post-stroke
infectious complications, pyrexia, concomitant chronic
infectious and autoimmune diseases), alcohol abuse,
consciousness impairments, insufficient cognitive ability
(Mini-Mental State Examination scores less than 24), de-
pressive and anxious disorders (Hospital Anxiety and
Depression Scale scores more than 10 for both patholo-
gies), impaired speech function to participate (severe
dysphasia or dysarthria), impaired language or written
ability to complete the study questionnaire, severe func-
tional disabilities (modified Rankin scale scores 24).

PSF was diagnosed by use of questionnaire — Fa-
tigue Assessment Scale (FAS). FAS consist of 10 ques-
tions: 5 questions about mental fatigue and 5 questions
about physical fatigue.Each question has 5 answer op-
tions. The range of possible FAS values varies from 10 to
50 points.FAS scores 22 or more mean fatigue [15].

We formed two groups of patients. The first group
(control PSF group) consisted of 24 patients who used
ASA according to «Unified clinical protocol for medical
care. Ischemic stroke (emergency, primary, secondary
(specialized) medical aid, medical rehabilitation)» - after
excluding hemorrhagic stroke by neuroimaging it was
started ASA intake in the doses of 150-300 mg a day en-
terally during hospital stay with subsequent intake of 75-
150 mg a day (prophylactic dose) continuously after hos-
pital discharge [15]. The second group (ASA PSF group)
had 15 patients who started to useASA just after exclud-
ing hemorrhagic stroke in the dosage of 300 mg a day for
3 months with subsequent dose reduction to 75-150 mg a
day (prophylactic dosage) continuously.

Diagnosis of PSF presence/absence, measurement
of PSF severity and simultaneous measurement ofsys-
temic inflammatory markers in blood serum were carried
out at the certain time points after ACE onset: at the first
3 days, at 1 month and at 3 months.

Concentrations of CRP, IL-18 and IL-6 in blood serum
were measured by enzyme-linked immunosorbent as-
sayin Research Institute for Genetics and Immunological
Grounds of Pathology and Pharmacogenetics at Ukrain-
ian medical stomatological academy.IL-1B and IL-6 levels
were studied using test systems of «Vector-Best» com-
pany (Russia), CRP level was evaluated using test sys-
tem of the «Xema»company (Russia) according to the
enclosed instructions.

Categorical data were represented by number (n) and
percentage (%).Normality of the quantitative data was
checked by Kolmogorov-Smirnov test. Variables with
normal distribution were represented as mean (M) and
standard deviation (SD).Variables with non-normal distri-
bution were expressed as mediana (Me) and interquartile
(25%-75%) range (Q1-Q3). Differences in categorical
variables were compared using Fisher exact test.Non-
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parametric data were evaluated using Mann-Whitney U
test (for two independent groups) or using Friedman test
and subsequent post-hoc Newman-Keuls analysis (for
three dependent groups). A p-value <0,05 was consi-
dered statistically significant.

Results and discussion

As can be seen from Table 1, two patients groups
were not critically distinct from each other (even mean
age and NIHSS scores) due to relatively small numbers
of observations.

Table 1
Characteristics of the baseline study sample
- Group of patients
Characteristics
control PSF ASA PSF
mean age (years), MtSD 62,0£12,4 70,1t6,5
males, n (%) 9 (38%) 6 (40%)
ACE ischemic stroke, n (%) 22 (92%) 12 (80%)
TIA, n (%) 2 (8%) 3(20%)
NIHSSscore at hospital admission (points), M+SD 5,6+4,8 7,54£3,5

Table 2 demonstrates that in the ASA PSF group
there was statistically significant reduction in PSF inten-
sity at 3 months after ACE compared to the initial PSF
scores at hospital stay, whereas in the control PSF group
there were no statistically significant changes in PSF se-
verity during the whole observation period. It is important
that the rates of PSF were almost similar in all three ob-
servations in the two patients groups.PSF as pathological
entity has different natural clinical course and can be
spontaneously disappeared within the first post-stroke
months [16]. On the ground of the time-based PSF char-
acteristics (because the most cases of PSF spontaneous
self-resolution occur just within the first 3 post-stroke
months) we conditionally divided all PSF cases during

acute ACE as early PSF (manifested within the first
month after ACE occurrence with subsequent self-
resolution not later than at 3 months time-point obserava-
tion) and persistent PSF (manifested within the first post-
stroke month and was still present at 3 months time-point
observation) [16]. Thus, it is likely that ASA in the dosage
of 300 mg a day has delayed effect (that appears only
after 3 months) on PSF intensity, when early PSF had
already spontaneously self-resolved; or ASA has influ-
ence exclusively on severity of persistent PSF but not on
severity of early PSF (this hypothetic explanation can be
indirect proof of etiological and pathogenetic distinctions
of PSF depending on its time duration).

Table 2
PSF characteristics according to FAS

Group of patients

Time-point after ACE

onset control PSF ASA PSF
n (%) Me (Q1-Q3) n (%) Me (Q1-Q3)
3 days 24 (100%) 34,0 (27,8-44,0) 15 (100%) 41,0 (37,0-45,0)
1 month 19 (79%) 39,0 (29,5-41,5) 9 (60%) 36,0 (35,0-40,0)
3 months 12 (50%) 29,0 (26,0-34,8) 8 (53%) 32,5 (30,5-35,0)*

* -significant differences (p<0,05), according to Friedman test and post-hoc Newman-Keuls analysis, in comparison with the first 3

days results in ASA PSF group.

According to Table 3, the control PSF group had sig-
nificant reduction of CRP blood concentrations only at 3
months time-point observation compared with the first 3
days values.In the ASA PSF group there was dramatic
reduction of CRP blood level already at 1 month time-
point observation in comparison with the first 3 days re-

sults and this significant reductionof CRP concentration
remained practically unchanged also at 3 months time-
point observation. In addition,the degree of CRP reduc-
tion in the ASA PSF group was much more pronounced
than in the control PSF group in two time-points — at 1
month and at 3 months after ACE occurrence.

Table 3
CRP concentration in blood serum (mg/ml), Me (Q1-Q3)

Group of patients

Time-point after ACE onset

control PSF ASA PSF
3 days 28,8 (27,1-29,9) 28,5 (21,3-30,4)
1 month 30,3 (26,0-32,5) 9,9 (6,7-22,2)** ***
3 months 24,0 (15,4-29,8)* 13,7 (8,7-23,4)* ***

*- significant differences (p<0,05), according to Friedman test and post-hoc Newman-Keuls analysis, in comparison with the first 3

days results in the control PSF group;

** - significant differences (p<0,05), according to Friedman test and post-hoc Newman-Keuls analysis, in comparison with the first 3

days results in the ASA PSF group;

same time point after ACE onset.

Table 4 shows statistical changes in IL-13 blood level
in the control PSF group in form of significant increasing

- significant differences (p<0,05), according to Mann-Whitney U test, in comparison with results of the control PSF group in the

at 1 month time-point observation compared with the first
3 days results followed by the subsequent reduction to
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the initial values at 3 months after ACE. While in the ASA
PSF group, IL-1B level was virtually unchanged in all
three time-point observations. Moreover, in the ASA PSF
group IL-1B blood serum concentration was significantly
lower at 1 month after ACE compared to the control PSF

group. So, ASA use in the dose of 300 mg a day for 3
months was associated with the smoothing of IL-18 blood
serum peak at 1 month after ACE occurrence which is
typical for PSF patient during acute ACE.

Table 4
IL-1B concentration in blood serum (pg/ml), Me (Q1-Q3)

Time-point after ACE

Group of patients

Onset control PSF ASA PSF
3 days 18,5 (17,0-19,3)* 17,0 (17,0-21,0)
1 month 23,5 (20,8-26,0) 18,0 (17,5-20,5)**
3 months 18,5 (15,0-22,3)* 17,0 (15,0-21,5)

* - significant differences (p<0,05), according to Friedman test and post-hoc Newman-Keuls analysis, in comparison with 1 month

results in the control PSF group;

** - significant differences (p<0,05), according to Mann-Whitney U test, in comparison with results of the control PSF group at 1

month after ACE onset.

Table 5 shows that serum IL-6 levels during the whole
3 months observation period were constant in both pa-
tients groups.

Table 5
IL-6concentration in blood serum (pg/ml), Me (Q1-Q3)

Time-point after Group of patients

ACE onset control PSF ASA PSF
3 days 13,5 (6,0-17,5) 13,9 (9,5-17,9)
1 month 12,8 (12,0-14,2) 12,0 (10,5-13,3)
3 months 12,1 (11,2-13,6) 13,1 (12,3-13,7)

As is known, interactions of cytokines are extremely
complex with multidirectional, multilevel regulations. So
it's quite difficult to explain the found phenomenon of
CPR and IL-1B statistical changes whereas IL-6 levels
were stable. May be this phenomenon can be considered
as a peculiarity of post-stroke inflammatory response
only in PSF patients with acute ACE. Anyway this issue
requires further study and is beyond the scope of our re-
search.

Summing up, we found statistically significant reduc-
tion of PSF intensity at 3 months after ACE onset in the
ASA PSF group that takes place together with statistically
significant modification of systemic inflammatory manifes-
tations (in the form ofa more rapid and more pronounced
decreasing of CRP blood level and smoothing of IL-13
elevationin blood within the first 3 months after ACE oc-
currence). Overlapping in time clinical and laboratory
phenomena it can be assumed that decreasing of PSF
intensity in the ASA PSF group at least partly may be due
to ASA anti-inflammatory properties (at dose of 300 mg a
day) through modifying post-stroke inflammatory reac-
tions.

According to recent researches, inflammation may be
a significant factor in the development of fatigue. A cru-
cial mechanism by which cytokines modulate neuronal
functions is through modifications of monoaminergic neu-
rotransmission, specifically by activating enzymes inter-
fering with dopamine and serotonin biosynthesis [17,18],
as well as through modification of glutamate neurotrans-
mission [19]. These alterations in neurotransmitter sys-
tems ultimately lead to modifications in neuronal func-
tions, which in turn induce behavioral changes collec-
tively so-called «sickness behavior» that includes fatigue,
reduced activity, altered mood state, changes in cognitive
functions, so on [20].

Probably, ASA in the dose of 300 mg a day since the
first days after ACE and further for next 3 months signifi-
cantly reduces PSF intensity according to FAS through
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the ASA anti-inflammatory activity and suppression of
post-stroke inflammatory response.

From the practical point of view, it is probably useful
to take ASA in the dose of 300 mg a day for 3 months by
patients who had been diagnosed with PSF already
within the first days after ACE occurrence.However fur-
ther investigations are needed to elaborate these find-
ings.

Conclusions

1. The use of ASA in the dose of 300 mg a day during
3 months in patients who had been diagnosed with PSF
within the first days after ACE occurrence is associated
with significant decreasing of PSF intensity due to FAS in
comparison with using of preventive ASA doses.

2. The use of ASA in the dose of 300 mg a day during
3 months after ACE occurrence is associated with signifi-
cant modification of post-stroke inflammatory response in
form of CRP and IL-1B blood level changes.
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