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Introduction. Remote symptomatic 
seizures (RSS) refer to unprovoked ep-
ileptic seizures that occur in the setting 
of previous structural brain injury [14]. 
The risk of relapse of RSS is often high, 
but the clinical indicator of the onset of 
epilepsy in adults continues to be a re-
peated epileptic seizure [28]. According 
to various researchers, the likelihood of 
relapse of RSS depends on the etiolo-
gy and concomitant diseases [4, 7, 19], 
significantly increasing when epilepti-
form activity is detected [10]. It is well 
known that the probability of recording 
epileptiform discharges increases when 
recording the bioelectrical activity of the 
brain during sleep [2, 11]. Sleep and ep-
ilepsy are pathogenetically interrelated 
cyclic processes [12]. Epileptiform activ-
ity alters sleep structure, and sleep dis-
turbance is one of the main risk factors 
for recurrent seizures [15]. According to 
recent data, epilepsy is characterized 
by a characteristic change in polysom-
nographic (PSG) indicators in the form 
of a reduction in the REM sleep phase 
and an increase in the number of spon-
taneous awakenings during sleep [26]. 
The study of PSG sleep indicators, po-
tential markers of epileptogenesis that 
can predict the recurrence of epileptic 
seizures and influence treatment tactics 
in patients with remote symptomatic eti-
ology is a relevant task, currently under-
represented in the available literature.

The study aim was to study the mac-
ro-architecture of night sleep during re-
lapse of RSS in adults.

Materials and Methods. The study 
included 157 patients with a first-time 
unprovoked tonic-clonic seizure who 
were followed up by an epileptologist 
from 2008 to 2020. Neurophysiological 
investigation was carried out in the lab-
oratory of video-EEG monitoring of the 
Department of Neurology and Neuro-
surgery of the Federal State Budgetary 
Educational Institution “Siberian State 
Medical University”. The main group in-
cluded patients with a first-time epileptic 
seizure with a focal onset, classified as 
RSS. Clinical inclusion criteria: anam-
nestic evidence of previous neurolog-
ical diseases or traumatic brain injury 
confirmed by neurological examination, 
structural changes on MRI, age from 18 
to 55 years, follow-up for three years, 
absence of epileptic seizures within 10 
days before the study. Clinical exclusion 
criteria: repeated epileptic seizure, an-
tiepileptic therapy [27], acute neurolog-
ical pathology, acute physical conditions 
and exacerbations of chronic physical 
diseases [27], gravidity period and lac-
tation, mental disorders, epileptiform 
activity on the EEG. During the obser-
vation period, 60 persons had recurrent 
seizures and, in accordance with the 
criteria [1], the onset of epilepsy was di-
agnosed. These patients made up group 
A. In 38 patients, attacks did not recur 
during the observation period (group B). 
The comparison group included 59 MRI- 
and EEG-negative patients with a first-
time epileptic seizure with an unspeci-
fied onset (group B).

A video-polysomnographic study of the structural characteristics of night sleep was carried 
out in 157 patients with a first-time unprovoked tonic-clonic seizure. The main group included 
patients with remote symptomatic seizure (RSS). Over the course of three years, 60 individuals 
had recurrent attacks; 38 patients had no recurrence of attacks during the observation period. 
The comparison group included 59 MRI- and EEG-negative patients. Patients with recurrent 
RSS had lower sleep efficiency, longer rapid eye movement phase, sleep fragmentation, wake 
after sleep onset, and more frequent awakenings from sleep (number of awakenings) versus 
patients with a single RSS and the comparison group. The identified changes demonstrate 
deeper disturbances in sleep architecture in patients with recurrent RSS and can be taken into 
account in prognostic counseling of this category of patients.
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The characteristics of the individuals 
included in the study are presented in 
Table 1. The study groups were compa-
rable in sex, age and lobar localization 
of epileptogenic damage to the cerebral 
cortex.

Neurophysiological study proto-
col. All patients underwent a video-poly-
somnographic study, including electro-
encephalography (in leads F3, F4, F7, 
F8, C3, C4, T3, T4, P3, P4, T5, T6, O1, 
O2 using the standard arrangement of 
electrodes according to the 10–20 sys-
tem), electrooculography (2 channels), 
electrocardiography (1 lead), electromy-
ography from the mentalis (2 channels), 
using the Neuron-Spectrum-4VP de-
vice from Neurosoft during physiologi-
cal night sleep. Visual determination of 
sleep stages was performed according 
to the standard criteria of the American 
Academy of Sleep Medicine [8]. After 
identifying the stages and phases of 
sleep, the generally accepted parame-
ters characterizing the structure of sleep 
were calculated [3]: total recording time 
(TIB - time in bed), total sleep duration 
(TST - total sleep time) - the total duration 
of all stages and phases of sleep, sleep 
latency ( SOL – sleep onset latency) – 
time from turning off the light to the on-
set of the first period of sleep in minutes, 
sleep efficiency (SE – sleep efficiency) – 
percentage of TST from TIB, REM sleep 
latency (RL – rapid eye movement sleep 
latency) – time from falling asleep before 
the onset of the first epoch of rapid eye 
movement (R) in minutes, the relative du-
ration of each stage of slow-wave sleep 
(nREM): the first stage - N1, the second 
stage - N2, the third stage - N3 and R in 
relation to TST as a percentage, the rela-
tive duration of wakefulness within sleep 
(WASO – wake after sleep onset) – in the 
interval from falling asleep to morning 
awakening (TIB-SOL) as a percentage, 
the number of spontaneous awakenings 
from sleep (NWake – number of awak-
enings) and overall sleep fragmentation 
(SSI – stage shift index) [13] in terms of 
1 hour of sleep in absolute units. To es-
timate the number of awakenings in the 
nREM stages, we counted the number 
of actual transitions from N1, N2 and 
N3 to the wakefulness stage (W) [17] in 
the period from falling asleep to morning 
awakening. The normalized frequency 
of awakenings was calculated in rela-
tion to the sum of all transitions in W as 
a percentage [16]. Statistical processing 
was performed using the Statistica 6.0 
package. The study used nonparamet-
ric comparison methods (Mann–Whit-
ney, Kruskal-Wallis test), for evaluation 
of inter-group differences in the case of 

multiple comparisons we used Bonfer-
roni correction [27]. A significance lev-
el of p<0.05 was accepted as reliable. 
Data are presented as medians (Me) and 
quartiles (q1; q3) – Me (q1; q2).

Results. Indicators characterizing the 
night sleep macrostructure are shown 
in Table 2. In patients from group A, the 
duration of TST was statistically signifi-
cantly [27] reduced compared to group 
C, and the onset time R was increased, 
but these indicators did not differ among 
patients with focal seizures. The total 
recording time, sleep latency and nREM 
structure were comparable in the study 
groups, however, the relative duration of 
the REM sleep phase in group A was sta-
tistically significantly less than in group 
C. The duration of R in group B was also 
longer than in group A, however the dif-

ferences did not reach the level of sig-
nificance.

SE values in patients from group A 
were statistically significantly lower than 
the corresponding indicator in groups B 
and C (Figure 1).

The decrease in sleep efficiency 
among subjects of this group was ac-
companied by a significant increase in 
the relative duration of WASO.

Patients in group A had higher sleep 
fragmentation compared to the other 
groups (Table 3). The number of spon-
taneous awakenings per hour of sleep 
in patients from group A also statistically 
significantly exceeded the values of the 
corresponding indicators in the other 
groups.

When comparing the number of 
awakenings per hour in the stages of 

Clinical characteristics of individuals included in the study

Indicator А (n=60) B (n=38) C (n=59) p
K-W test

Age, years (Me(q1; q2)) 37.5(26;45) 34(26;50) 29(25;41) 0.2
Sex, f (m) - abs. numbers 15/45 10 /28 19 /40 0.6

Localization (MRI) according to the 
lobes of the brain - abs. numbers (%)

Frontal 27 (45.0) 17 (44.74)

0.7Temporal 24 (40.0) 14 (36.84)
Parietal 7 (11.67) 5 (13.16)

Occipital 2 (3.33) 2 (5.26)
Note. K-W test – Kruskal-Wallis test

Table 1

Table 2

Commonly accepted polysomnographic indicators in the study groups

Indicator Groups p
K-W testА B C

TIB, min 397.43
(357.21;433.02)

396.26
(346.32;428.23)

406.26
(365.1;439.89) pA-B 0.483

TST, min 333.08
(271.64;380.81)

355.14
(304.4;393.72)

374.92
(321.18;399.68)

pA-B 0.024
pА,В 0.008

SOL, min 7.67
(3.73;19.68)

6.18
(2.53;20.47)

7.37
(3.38;21.07) pA-B 0.56

RL, min 86.57
(66.69;125.77)

85.23
(63.78;119.45)

73.28
(56.2;102.52) pA-B 0.074

N1, % 21.3
(13.41;28.67)

17.8
(11.79;24.56)

17.02
(13.17;25.17) pA-B 0.243

N2, % 42.85
(35.85;48.37)

41.02
(33.64;44.94)

43.84
(33.93;49.56) pA-B 0.681

N3, % 22.56
(15.93;27.24)

24.12
(18.41;30.66)

20.52
(14.66;28) pA-B 0.166

R, % 13.2
(10.56;15.47)

16.24
(10.95;18.28)

17.37
(16.2;19.9)

pA-B 0.0001
pА,В 0.00001

Note. The values of sleep indicators are given in minutes as medians (Me) and quartiles (q1; 
q3) – Me (q1; q2); K-W test – Kruskal-Wallis test pA-C – differences between all compared 
groups, pA-B – differences between groups А and B, pB-C – differences between groups B and 
C, pА-C – differences between groups A and C



YAKUT MEDICAL JOURNAL
18

slow sleep (Figure 2), a statistically sig-
nificant increase in these indicators was 
revealed in the stages [21] of slow sleep 
in group A compared to group B, in [22] 
N1, N2 compared to group C. The rela-
tive number of transitions to the waking 
stage from N3 in group A exceeded the 
value of the corresponding indicators in 
groups B and C, but the differences did 
not reach the level of significance.

Discussion. Sleep is a complex neu-
rodynamic self-regulating process and 
its changes in patients with new-onset 
RSS may be associated with subclini-
cal epileptogenic restructuring of neural 
networks and, according to [23], analysis 
of patients with epileptic seizures who 
are not taking antiepileptic therapy can 
reveal changes in sleep architecture, as-
sociated to a greater extent with the influ-
ence of the pathogenesis of the disease.

In patients with recurrent RSS, there 
was a decrease in the total duration and 
efficiency of sleep, but the latency and 
structure of slow-wave sleep did not dif-
fer in the study groups. In general, sleep 
efficiency is an integral indicator that 
depends on the time of falling asleep 
and the duration of wakefulness during 
sleep. In the group of patients with re-
currence of focal attacks, the relative 
duration of wakefulness within sleep and 
the overall fragmentation of sleep were 
higher, which characterizes the insta-
bility of sleep maintenance processes 
in this group of patients. The findings 
echo the changes identified [9] in sleep 
macro-architecture in adult patients with 
the onset of focal epilepsy and, accord-
ing to the authors, can be explained by 
neurotransmitter disorders caused by 
epileptogenesis, leading to disruption of 
sleep regulation.

Clinical studies carried-out to date 
have shown that patients with epilepsy 
are characterized by an increase in the 
time of onset of the REM sleep phase, 
and the duration of this phase becomes 
shorter [25].

In the cohort of patients with the de-
but of focal epilepsy, a reduction in REM 
sleep was observed, however, latency 
values of this phase  did not differ  in the 
groups of comparison 

A number of studies demonstrate vari-
ability in the duration of REM sleep de-
pending on drug control of seizures and 
the effectiveness of surgical treatment of 
focal epilepsy [21, 27]. In patients with 
a follow-up onset of epilepsy, the dura-
tion of the REM sleep phase was shorter 
compared to patients with a single RSS, 
but the differences did not reach a statis-
tically significant level.

It is now known that neurodynamic 

processes occurring in slow-wave sleep 
can promote the propagation of epilepti-
form activity, on the contrary, suppress 
the REM sleep phase [22].

It is assumed that the persistently de-
tected phenomenon of REM sleep reduc-
tion in patients with epilepsy is not direct-
ly pathophysiologically related to the epi-
leptic process, but is probably secondary 
to the disturbance in the dynamics of the 
change and duration of slow-wave sleep 
stages caused by epileptogenesis, which 

is manifested by increased fragmenta-
tion and frequent awakenings [18].

The overall fragmentation and the 
number of spontaneous awakenings 
during sleep in patients with recurrent 
RSS were higher compared to oth-
er groups, which from a modern point 
of view can be considered as a poten-
tial neurophysiological marker of an in-
creased risk of recurrent epileptic sei-
zures in this group of patients with un-
provoked seizures.

Number of spontaneous awakenings during sleep and overall sleep fragmentation
in the study groups

Indicator (number
of events an hour)

Groups p
K-W test

p
M-W U TestА B C

SSI 8.55
(6.5;12.71)

6.35
(4.34;9.07)

6.51
(4.27;9.03) 0.002 А>Б*

А>В*

N of awakenings 1.75
(0.95;2.94)

0.82
(0.42;1.52)

0.88
(0.37;1.87) 0.001 А1>Б**

А>В*

Note. Sleep indicators values are presented as medians (Me) and quartiles (q1; q3) – Me (q1; 
q2); K-W test – Kruskal-Wallis test; M-W U Test – Mann-Whitney U Test; **р< 0.001 and *р< 
0.01 (Mann-Whitney U Test).

Table 3

Fig. 1. Note. Sleep indicators values are presented in % as medians (Me) and quartiles (q1; 
q3); K-W test – Kruskal-Wallis test; p – level of reliability of differences;  *р< 0.01 (Mann-
Whitney U Test); A – SE (%): TST / TIB in %, И – WASO (%): WASO/(TIB-SOL) in %.
Sleep efficiency and duration of wakefulness during sleep in the study groups.

Fig. 2. Absolute (per hour) and relative (in %) number of awakenings at the stages of slow-
wave sleep in the study groups: A – number of awakenings per hour: N1->W(h) - out of stage 
N1, N2->W(h) – out of stage N2, N3->W(h) – out of stage N3; B – relative number of transitions 
into the stage W out of definite  stage of slow sleep in % in relation to the sum of all awaken-
ings: N1->W(%) – out of stage N1, N2->W(%) – out of stage N2, N3->W(%) – out of stage N3.
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Recent experimental model-based 
analysis of post-traumatic epilepsy in 
rats has demonstrated the need for 
stage differentiation when assessing 
PSG indicators characterizing sleep 
continuity [6]. According to the authors, a 
higher frequency of transitions from delta 
sleep to wakefulness can be considered 
a prognostic marker of post-traumatic 
epileptogenesis.

In patients with recurrent RSS, the 
absolute and relative frequency of awak-
enings from the deep stage of slow-wave 
sleep tended to exceed the value of the 
corresponding indicator compared to 
other groups.

According to the modern clinical 
paradigm, timely initiation of antiepilep-
tic therapy is a necessary condition for 
achieving disease remission [25], and 
freedom from seizures correlates with 
normalization of sleep architecture [24].

According to J.L. Moore, D.Z. Car-
valho, E.K. St. Louis, C. Bazil [20], the 
systematic study of two inextricably inter-
acting neurodynamic processes of sleep 
and epilepsy is an urgent clinical task. 
The data obtained in the present study 
indicate that in patients with recurrent 
RSS, sleep consolidation and continuity 
are more affected, which is manifested 
by more frequent awakenings and sleep 
fragmentation.

Conclusion. The identified changes 
may characterize the disruption of chro-
nobiological sleep regulation associated 
with subclinical epileptogenesis and be 
taken into account in prognostic counsel-
ing of patients with remote symptomatic 
seizures when assessing the prognosis 
of the disease and developing programs 
for personalized rehabilitation and pre-
vention of relapse of epileptic seizures in 
this category of patients.

The article was published as part of 
the complex research topic “Biopsycho-
social mechanisms of pathogenesis and 
clinical polymorphism, adaptive potential 
and predictors of treatment effectiveness 
in patients with mental and behavioral 
disorders in the Siberian region”, state 
registration number 122020200054-8, 
topic code FGWM-2022-0025.
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