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IN TRO DUC TION

Stroke is the most of ten cause of death for peo ple in Eu rope 
and US and the first cause of dis abil ity in peo ple over the
age of 60 [1, 2]. Tran sient ischemic at tack (TIA) is a short-
 term in fringe ment of brain blood cir cu la tion that of ten pre -
cedes the stroke [1, 3]. TIA pa tients have a high risk of sub -
se quent stroke: 4–8% dur ing 1 month and 30% 5 years af -
ter TIA [1, 3].

Dys func tion of ANS in stroke pa tients is as so ci ated
with worse func tional out come and higher mor tal ity rate
[4–11]. Hy per ac tiv ity of sym pa thetic part of ANS is the
dom i nant con di tion of ANS in the main ba sic prestroke
con di tions such as ath ero scle ro sis, ar te rial hy per ten sion,
cor o nary heart dis ease, chronic kid ney dis ease [12–28].
Hy perac tiv ity of the sym pa thetic part of the ANS is ac -
com pa nied by vasospasm, in creased blood pres sure,
hyperglycemia, in su lin re sis tance, in creased catecho l -
amine level in blood [23].

Changes in ANS ac tiv ity in stroke pa tients are caused
by a dam age of the suprasegmental part of the brain and an
ac ti va tion of a sys temic re sponse to the ne crotic fo cus in
the brain [29, 30]. The di rec tion of the mech a nisms of the
veg e ta tive reg u la tion with in creased ac tiv ity of the seg -
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Sum mary. Back ground. Pre sented work aims to study the sta tus of the au to nomic ner vous
sys tem (ANS) in two groups of pa tients dur ing 10-day acute pe riod. One group con sists of
pa tients with tran sient ischemic at tack (TIA) and an other group con sists of pa tients with
stroke. The lat ter group in cludes pa tients with var i ous size of stroke.

Pro spec tive co hort study was car ried out in the De part ment of Neu rol ogy and Neu ro sur -
gery of the Gomel State Med i cal Uni ver sity, Stroke Unit of the Gomel Re gional Vet er ans
Hos pi tal, be tween May 2014 and March 2016. The groups in cluded in the study were com -
posed as fol lows: TIA group con tained 13 pa tients and Stroke group con tained 84 pa tients,
in clud ing 61 with size of stroke lower than 15 mm (lacunar stroke – LS) and 23 with size of
stroke big ger than 15 mm (to tal stroke – TS). Heart rate vari abil ity (HRV) was used to de -
scribe sta tus of the ANS. It was mea sured at the 1st and 10th day of stay ing in the hos pi tal. Ob -
tained HRV re cords were an a lyzed us ing the fol low ing four pa ram e ters: SDNN (stan dard de -
vi a tion of the nor mal-to-nor mal R-R in ter vals, in ms), DX (the dif fer ence be tween max i mal
and min i mal R-R in ter val, in ms), Mo (mode of the du ra tion of R-R in ter vals, in ms), AMo
(am pli tude of the R-R in ter vals mode, in per cent).

Re sults. For the HRV taken on the 1st day of ad mis sion, the de pend ence be tween DX
(rep re sent ing ac tiv ity of para sym pa thetic part of ANS) and Mo (rep re sent ing sym pa thetic
part of ANS) was found to be sig nif i cantly dif fer ent in TIA and TS groups (p=0.01).

Con clu sion. The key dif fer ence be tween TIA and TS is a dif fer ence in the re la tion ship
be tween the humoral reg u la tion of the ac tiv i ties of the ANS and the para sym pa thetic part ac -
tiv ity at the 1st day, which de ter mines spe cific fea tures of pathogenesis of the tran sient
ischemia.

Keywords: tran sient ischemic at tack, lacunar stroke, to tal stroke, sym pa thetic and para sym -
pa thetic parts of au to nomic ner vous sys tem.
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men tal ap pa ra tus changes dur ing the acute pe riod of stroke
[31]. The com bi na tion of se vere dam age of the brain with
low heart rate vari abil ity (HRV) is a poor prog nos tic fac tor
for pa tients sur vival [7, 8, 10, 31, 32], as well as the pre dic -
tor of de vel op ment of post-stroke in fec tions [33]. The high 
ac tiv ity of the sym pa thetic part of the ANS and in creased
catecholamine lev els con trib ute to the de vel op ment of car -
diac com pli ca tions and in crease mor tal ity in stroke pa -
tients [7, 8, 29, 33, 34]. The lower HRV is as so ci ated with
poor re cov ery of the neu ro log i cal def i cit [8, 31, 35]. Com -
bi na tion of se vere stroke pro cess with low HRV is a poor
prog nos tic fac tor for sur vival for two pe ri ods of ob ser va -
tion: 1) pe riod of hos pi tal iza tion, 2) the first month af ter
stroke [7, 9, 12]. Pro gres sive atherothrombotic stroke is
char ac ter ized by cen tral iza tion of veg e ta tive ac tiv ity of
sympathic part of ANS [4, 8, 13, 31, 35]. Ac ti va tion of the
sym pa thetic part of the ANS leads to hypercoagulation ca -
pac ity and high platelet ag gre ga tion [36, 37], hyper -
glycemia [38], in creased risk of myo car dial in farc tion,
re-stroke, and deep vein throm bo sis [39] dur ing the next
year, in crease in blood-brain bar rier per me abil ity, and
brain edema [36, 37, 39]. HRV changes are de tected in all
patho genic sub types of stroke [7, 23, 27, 28, 31]. It was
dem on strated [4, 5] that pa tients with lacunar stroke (less
than 15 mm – LS) have de pres sion of HRV and ac ti va tion
of ANS [8, 13, 35]. How ever, ther a peu tic strat e gies that
could in flu ence this com po nent of brain ischemia are not
pres ent, be cause mech a nisms of un der ly ing patho log i cal
pro cesses are unclear [11].

The ma jor ity of the au thors bind a pre dom i nance of the
ac tiv ity of the sym pa thetic part of the ANS with an un fa -
vour able prog no sis [7, 8, 12, 13, 35]. On the other hand,
some pub li ca tions pres ent data, which sug gest con nec tion
be tween sympathicotonia and a more fa vour able prog no -
sis of stroke [35]. This dis crep ancy can be ex plained by the
in con sis tency of the meth ods used, dif fer ent du ra tion of
the an a lyzed pe ri ods and electrocardiographic stud ies in
dif fer ent pop u la tions of pa tients [7].

In our pre vi ous pub li ca tions we showed that sym pa -
thetic part of the ANS in TIA pa tients has a max i mal ac tiv -
ity com par ing with dif fer ent size stroke pa tients [40–44].
Con sid er ing the more fa vour able out come and ab sence of
ne cro sis fo cus in TIA pa tients, we can as sume that ac ti va -
tion of the sym pa thetic part of ANS in these pa tients has a
sanogenetic char ac ter [40–42]. Thus the in ter pre ta tion of
au to nomic im bal ance in stroke pa tients is dis put able.

Ac cord ing to pre vi ously ob tained data, sta tus of
humoral reg u la tion in flu ences sta tus of ANS and de ter -
mines dis tinc tive stress-re sponse in pa tients with stroke and 
TIA [45]. In par tic u lar, TIA groups have the high est AMo
val ues in com par i son to the con trol group [40]. In stroke pa -
tients, AMo did not dif fer from con trol group and was sig -
nif i cantly lower than in the TIA group. DX de tected in TIA
and Stroke groups in di cated de crease in para sym pa thetic
tone in TIA pa tients as com pared to con trol group, and in
LS group ver sus TS [40]. Also, it was shown that stroke
clin i cal sta tus de pends on ac tiv ity of sym pa thetic and para -
sym pa thetic parts of ANS in stroke pa tients [40–44].

Based on the data on the in flu ence of veg e ta tive sta tus
on the di rec tion of the first stage of ce re bral ischemia [40]
and dif fer ent humoral reg u la tion of ischemic cas cade [45],
we hy poth e sized the re la tion ship be tween the sym pa thetic
(AMo) and para sym pa thetic (DX) parts of the ANS from
the humoral in flu ence on its ac tiv ity (Mo). We for mu lated
a hy poth e sis that pa tients with var i ous stroke size (TS and
LS) and TIA would have dis tinc tive dependences for AMo
vs Mo, and DX vs Mo. This would cor re spond to a dif fer -
ence in pathogenesis of TS, LS, and TIA. In that case, our
null hy poth e sis is the ab sence of the above-men tioned dif -
fer ence. In or der to in ves ti gate this hy poth e sis we de signed 
and per formed the study pre sented be low.

MA TE RIAL AND METH ODS

13 TIA and 84 stroke pa tients ad mit ted in the Stroke Unit
of the Gomel Re gional Vet eran’s Hos pi tal were sur veyed
from 2014 to 2016. TIA pa tients (8 women and 5 men,
mean age 69.2±3.3 years; do not have changes on neuro -
imaging), 61 pa tients with LS (size of stroke < 15 mm;
31 women and 30 men, mean age 51.8±2 years) and 23 pa -
tients with stroke more than 15 mm (TS) (9 women and
14 men, mean age 50.1±3.5 years) were ob served. All pa -
tients be longed to Cau ca sian race. The neu ro logic def i cit
in stroke pa tients was objectified us ing stroke scale of the
Amer i can Na tional In sti tute of Health (NIHSS) [1]. On the
1st day the es ti ma tion by the NIHSS was for LS – 6 (4; 7)
for TS – 13 (9.5; 17). Neu ro log i cal def i cit at ad mis sion in
TIA pa tients was pre sented as hemiparesis 38%, asym me -
try of nasolabial folds 46%, in sta bil ity in the Romberg po -
si tion 31%, asym me try of ten don re flexes 46% and
Babinski symp tom 77%, hypoesthesia 23%, apha sia 23%.
TIA pa tients had the ABCD2 score of 4 (4;5) [46, 47].
Co-mor bid i ties in TIA and stroke pa tients is pre sented in
Ta ble 1.

All groups were ex am ined ac cord ing to the Pro to cols
of Di ag no sis and Treat ment ap proved by the Min is try of
Health of Belarus. Ex clu sion cri te ria were: se vere neu ro -
log i cal def i cit (score >20 ac cord ing to NIHSS), hem or -
rhagic stroke or subarachnoid bleed ing, per sons with acute 
phase of chronic dis eases.

For eval u a tion of the ANS sta tus in TIA and stroke pa -
tients, HRV anal y sis was per formed ac cord ing to the ac -
cepted pro ce dures [48–51]. Reg is tra tion of HRV pa ram e -
ters was per formed us ing soft ware and hard ware com plex
“FUCUDA Kardio-MAX-7202” on the 1st and 10th day of
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Ta ble 1. Co-mor bid i ties in TIA and stroke pa tients (in %)

Co-mor bid ity TIA LS TS

Hy per ten sion 85 18 63

Cor o nary heart dis ease 85 16 36

Myo car dial in farc tion – – –

Di a be tes mellitus 15 5 4

Chronic ce re bral in suf fi ciency 23 7 –



hos pi tal stay. HRV was as sessed in pa tients af ter 10 min -
utes of ad ap ta tion and 1.5–2 hours af ter a meal [48–51].
Pa tients with atrial fi bril la tion, ar ti fi cial pace maker, and
pa tients us ing b-blockers were ex cluded from anal y sis.

HRV was as sessed by cal cu la tion of the mean R-R in -
ter val and its stan dard de vi a tion mea sured on 5 min ute
elec tro car dio grams. The fol low ing in dexes of HRV were
cal cu lated: the stan dard de vi a tion of RR-in ter vals
(SDNN), ms, in di cated the gen eral tone of the ANS
[48–51]; mode of the du ra tion of R-R in ter vals, in ms
(Mo), ms, in di cated the sta tus of func tion ing si nus node
and the de gree of humoral in flu ences; am pli tude of the
R-R in ter vals mode, in per cent (AMo),% – in dex of ac tiv -
ity of sym pa thetic part ANS, the ri gid ity HR; vari a tion
range (DX), c – the dif fer ence be tween the max i mum and
min i mum du ra tion of the RR-in ter val of the an a lyzed time
se ries – in dex ac tiv ity of the para sym pa thetic part ANS.

Data were pre sented as me dian, lower and up per
quartiles. Sta tis ti cal anal y sis was per formed us ing R and
sev eral R pack ages [52–57] (de tailed al go rithm can be
found in the sup ple men tal in for ma tion). The study was ap -
proved by the Eth ics com mit tee of Gomel State Med i cal
Uni ver sity. Writ ten in formed con sents were ob tained from 
the pa tients (or other ap proved par ties) for the pub li ca tion
of this case re port and ac com pa ny ing im ages.

RE SULTS AND DIS CUS SION

Box plot of the data (Fig. 1) shows a sig nif i cant num ber of
out li ers. Thus, when we are plot ting data for ex plo ra tion
pur poses (Fig. 2, 3), we use a ro bust re gres sion (note: no
sta tis ti cal con clu sions are based on the vi su al iza tion). For
ro bust re gres sion, we choose M-es ti ma tor in stead of gen -
er ally pre ferred MM-es ti ma tor due to the fact that MM-es -
ti ma tor has trou ble with high le ver age out li ers in small to
mod er ate di men sion data [58].

We are com par ing 3 cor re la tions for each of two cases:
‘AMo vs Mo’ and ‘DX vs Mo’. First, we will fig ure out
whether ei ther of these cases has a sig nif i cant dif fer ence in
cor re la tions. In or der to do this we will ob tain H sta tis tics
for a group of in de pend ent cor re la tions de scribed in [59].
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ln  is Fisher trans formed value of cor re la tion,
which is based on Pearson’s cor re la tion. In or der to work
with a sit u a tion when as sump tions of Pearson’s cor re la tion 
can be vi o lated, we first ob tain Kendal’s tau and then cal -
cu late r from Kendal’s tau us ing for mula provided in [60]: 

( )r tau= ´ ´sin .0 5 p .
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Fig. 1. Box plot for AMo, DX and Mo val ues

Sep a rated by cat e go ries TS, LI, TIA. Lines in side the boxes rep re sent me di ans. The lower and up per hinges cor re spond to the first and
third quartiles (the 25th and 75th per cen tiles). The up per (lower) whis ker ex tends from the hinge to the larg est (small est) value no fur ther 
than 1.5 × IQR from the hinge (where IQR is the inter-quartile range, or dis tance be tween the first and third quartiles). Data be yond the
ends of the whis kers are con sid ered to be out li ers. In di vid ual ob ser va tions plot ted as black dots.
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Fig. 2. Scat ter plot for DX vs MO

Sep a rated by cat e go ries TS, LI, TIA. Ro bust re gres sion with M-es ti ma tor is used for de ter min ing a re gres sion line. Gray area rep re -
sents a 95% con fi dence in ter val.

Fig. 3. Scat ter plot for AMO vs MO

Sep a rated by cat e go ries TS, LI, TIA. Ro bust re gres sion with M-es ti ma tor is used for de ter min ing a re gres sion line. Gray area rep re -
sents a 95% con fi dence in ter val.



Ob tained p-value for “AMo vs Mo” is 0.075, and for
“DX vs Mo” is 0.032. Thus, we will con tinue to look for a
dif fer ence in cor re la tions only for “DX vs Mo” case. In or -
der to do this, we will use Fisher’s sta tis tics cal cu la tion and
Zou con fi dence in ter val cal cu la tion im ple mented in
“cocor.indep.groups” func tion of a cocor pack age (de tails
can be found in [53]). Again, all this is done with r cor re la -
tion ob tained from Kendal’s tau as above. Fi nally, p-val ues 
are ad justed us ing Holm’s method. As you can see in the
Ta ble 2, only TIA-TS shows a sta tis ti cally sig nif i cant dif -
fer ence.

Ad di tional ex plo ra tion

In ad di tion to the re sults above, we per formed an ex plo ra -
tion study of cor re la tions be tween pa ram e ters of ANS and
clin i cal sta tus in TIA pa tients (us ing Kend all’s tau sta tis -
tics). In this case we use data col lected for all pa tients ad -
mit ted and sur veyed in the Stroke Unit of the Gomel Re -
gional Vet eran’s Hos pi tal from 2010 to 2016: TIA pa tients
(31 women and 20 men, mean age 62.6±1.6 years), 71 pa -
tients with LS (38 women and 33 men, mean age
53.4±1.8 years) and 25 pa tients with TS (11 women and
14 men, mean age 51.1±3.3 years), all pa tients are of Cau -
ca sian race. On the 1st day, NIHSS es ti ma tion was 5 (4; 7)
for LS, and 13 (9.5; 17) for TS. TIA pa tients at ad mis sion
had the fol low ing neu ro log i cal def i cit: hemiparesis 55%,
asym me try of nasolabial folds 67%, in sta bil ity in the
Romberg po si tion 63%, asym me try of ten don re flexes
78% and Babinski symp tom 82%, hypoesthesia 33%,
apha sia 12%. ABCD2 es ti ma tion in TIA pa tients was
4 (3; 5.3). Co-mor bid i ties in TIA and stroke pa tients are
pre sented in Ta ble 3.

Pa re sis is the most com mon symp tom of stroke and
TIA. In TIA pa tients, pos i tive cor re la tion be tween the
hemiparesis level and AMo value on the 1st day of ad mis -
sion was found: r=0.6; p=0.002. Pos i tive de pend ence of
these pa ram e ters re flects a neg a tive role of sympathi co t -
onia in TIA pa tients. This data agrees with pre vi ously pub -
lished re sults stat ing that sym pa thetic AMo in dex value
may be con nected to the de gree of hemiparesis in stroke

pa tients [7, 24–27, 40]. There has been found a de pend -
ence be tween mo tor func tion dis tur bance and Mo
(r=-0.44; p=0.016) in TIA pa tients which agrees with an
ex pec ta tion, that humoral reg u la tion de ter mines the sta tus
of the ANS reg u la tion of the stress re sponse in stroke pa -
tients [45]. We have not found a cor re la tion be tween the
hemiparesis level and DX value (r=-0.2; p=0.3). Cor re la -
tion be tween pa ram e ters of the sym pa thetic part of the
ANS and ABCD2 score was found to be low and has low
sta tis ti cal sig nif i cance (AMo r=0.37; p=0.065) in TIA pa -
tients. The as so ci a tion be tween para sym pa thetic DX and
ABCD2 score (r=-0.07; p=0.74) and Mo and ABCD2 score
(r=-0.04; p=0.83) is sta tis ti cally in sig nif i cant as well.

CON CLU SIONS

We failed to re ject the null hy poth e sis for a dif fer ence in
cor re la tions be tween AMo and Mo, in all the cases of brain
ischemia. For the dif fer ence in cor re la tions be tween
DX and Mo, the null hy poth e sis was re jected in pa tients
with TIA and TS. Such dif fer ence in cor re la tions be tween
DX and Mo in TIA and TS pa tients is a key to un der stand -
ing the dif fer ence be tween TIA and stroke pathogenesis.

Based on the above ob tained re sults, we pro pose the
fol low ing hy poth e sis. The high est ac tiv ity of the sym pa -
thetic part of the ANS in pa tients with TIA is caused not
only by an in crease in sym pa thetic ac tiv ity in re sponse to
the in crease in hor monal in flu ence (Fig. 1). It is also caused 
by the ab sence of an in crease in ac tiv ity of the para sym pa -
thetic part of the ANS in the same con di tions (Fig. 2). This
dis tin guishes TIA group from the Stroke group. We be -
lieve this would be im por tant to plan and con duct a study
ad dress ing this.

Ex plor atory anal y sis re vealed sev eral pos si bly sig nif i -
cant cor re la tions in clud ing hemiparesis level and AMo,
mo tor func tion dis tur bance and Mo in pa tients with TIA.
This could in di cate the neg a tive role of the in creased sym -
pa thetic ac tiv ity in TIA pa tients, which is sim i lar to the
case of stroke pa tients. At the same time, a low cor re la tion
be tween AMo and ABCD2 might in di cate that an in crease
of the sym pa thetic ac tiv ity in TIA pa tients has low in flu -
ence to short-term prog no sis of the stroke.
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Ta ble 2. Re gres sion co ef fi cients of the de pend ence be tween DX and Mo in pa tients with TIA, LS, and TS on the 1st day of ad mis sion

(1)–(2) n (1, 2) r (1, 2) r (2) r(1)-r(2) fisher z Zou c i p value p value ad justed Signif

TIA-TS 13, 23 -0.317 0.593 -0.909 -2.608 (-1.4, -0.21) 0.009 0.027 *

TIA-LI 13, 61 -0.317 0.384 -0.701 -2.140 (-1.2, -0.05) 0.032 0.065

TS-LI 23, 61 0.593 0.384 0.209 1.069 (-0.20, 0.53) 0.285 0.285

Ta ble 3. Co-mor bid i ties in TIA and stroke pa tients (in %)

Co-mor bid ity TIA LS TS

Hy per ten sion 90 30 8

Cor o nary heart dis ease 62 21 8

Myo car dial in farc tion – – –

Di a be tes mellitus 4 9 20

Chronic ce re bral in suf fi ciency 4 6 16



COM PET ING IN TER ESTS

Au thors have de clared that no com pet ing in ter ests ex ist.
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N. V. Halinouskaya, S. V. Samsonau

PRAEINANTÁ SMEGENØ IÐEMIJOS PRIEPUOLÁ
IR INSULTÀ PATYRUSIØ PACIENTØ AUTONOMINË
BÛKLË

Santrauka

Ávadas. Pri sta to mo ty ri mo tiks las bu vo áver tin ti au to no mi nës ner -
vø sis te mos (ANS) bûk læ dvie jo se pa cien tø gru pë se 10 die nø
ûmi niu lai ko tar piu. Pir ma jai gru pei bu vo pri skir ti pa cien tai, pa -
ty ræ pra ei nan tá ið emi jos prie puo lá (PSIP), o ant ra jai – pa cien tai,
pa ty ræ ávai raus sun ku mo gal vos sme ge nø in fark tà (GSI).

Tyrimo metodika. Per spek ty vi nis ko hor ti nis ty ri mas at lik tas
Go me lio vals ty bi nio me di ci nos uni ver si te to Neu ro lo gi jos ir
neu ro chi rur gi jos kli ni kos Go me lio ap skri ties ve te ra nø li go ni nës 
in sul to po sky ry je 2014 m. ge gu þës – 2016 m. ko vo mën. Á PSIP
gru pæ átrauk ta 13 pa cien tø, o á GSI – 84 pa cien tai, ið ku riø 61 pa -
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cien to ið emi jos zo na (in fark to þi di nys) bu vo ma þes në nei 15 mm
(la kû ni nis in sul tas – LI) ir 23 – di des në nei 15 mm (pil nas in sul -
tas – PI). ANS ver ti ni mo þy me niu pa si rink tas ðir dies su si trau ki -
mø daþ nis (ÐSD), ma tuo tas pir mà ir de ðim tà hos pi ta li za ci jos po
gal vos sme ge nø krau jo ta kos su tri ki mo die no mis. Ðir dies su si -
trau ki mø daþ nio kin ta mu mas ver tin tas nau do jant ðiuos ke tu ris
kri te ri jus: SDNN (stan dar ti nis nor ma laus R-R in ter va lo nuo kry -
pis mi li se kun dë mis (ms)), DX (mak si ma laus ir mi ni ma laus R-R
in ter va lo skir tu mas ms), Mo (R-R in ter va lø truk mës re þi mas
ms), AMo (R-R in ter va lø truk mës re þi mo am pli tu dë pro cen -
tais).

Rezultatai. Ver ti nant pir mà jà die nà ið ma tuo to ÐSD pri klau -
so my bæ tarp DX (api bû di na ANS pa ra sim pa ti nës da lies ak ty vu -

mà) ir Mo (api bû di na ANS sim pa ti nës da lies ak ty vu mà) ro dik liø, 
ras tas sta tis tið kai reikð min gas skir tu mas tarp PSIP ir PI gru piø
(p = 0,01).

Iðvados. Es mi nis skir tu mas tarp PSIP ir PI yra pir mo sios die -
nos hu mo ra li nio ANS ak ty vu mo ir pa ra sim pa ti nës sis te mos tar -
pu sa vio ry ðys, ku ris nu le mia spe ci fi nes pra ei nan èio sme ge nø ið -
emi jos prie puo lio pa to ge ne zës ypa ty bes.

Rak ta þo dþiai: pra ei nan tis gal vos sme ge nø ið emi jos prie -
puo lis, la kû ni nis in sul tas, to ta lus in sul tas, sim pa ti në ir pa ra sim -
pa ti në au to no mi nës ner vø sis te mos da lys.

Gauta: Priimta spaudai:
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