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As a result of pathomorphosis affecting the mechanisms of electrical activity generation interictal EEG may show reduced
epileptiform changes whereas clinically apparent epileptic seizures may be present. In these cases patterns of dominant
alpha activity are sometimes recorded on the scalp. In this study variations of alpha activity in patients with refractory
epilepsy are classified. A group of 50 refractory epilepsy patients aged between 20 and 55 years who were submitted to
Polenov Russian Scientific Research Institute of Neurosurgery in 2014-2017 was included in this study. They underwent
scalp EEG as a part of their presurgical assessment. In 12 cases patterns of potentially pathological alpha activity were ob-
served. Three variations of alpha-patterns were described: 1) alpha-rhythm with decreased regional diversity and a marked
synchronization in temporal areas; 2) alpha-rhythm with reduced epileptiform complexes integrated into the spindles, 3) de-
celerated non-rhythmic alpha activity distorted by the higher frequency components. Distinguished varieties of potentially
pathological alpha-activity according to their order here represent gradual functional decline of normal thalamo-cortical
interaction. Considering clinical manifestation of drug-resistant epilepsy with frequent seizures in these patients, reported
varieties of alpha activity can not be interpreted as Landolt’s syndrome (forced normalization of EEG). Invasive electrocorti-
cographic monitoring demonstrated that bursts of sharpened polyphasic waves coinciding with alpha-rhythm on scalp EEG
are consistent with epileptic discharges on the brain cortex surface. This allows to think of these components as correlates
of epileptic activity. Therefore, on a number of occasions in patients with epilepsy a dissonance between clinical signs and
electroencephalographic patterns recorded during restful wakefulness may be observed, when epileptiform components are
absent or reduced to nonspecific complexes.

Keywords: epilepsy; electroencephalography (EEG); alpha-rhythm; video-EEG monitoring; electrocorticography.
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B pe3ynbTate natoMopdo3a MeXaHU3MOB reHepauun 6M031eKTpMYeckon akTUBHOCTU NPU Pa3BEPHYTON KIMHUYECKOW
KapTUHE 3MNUNencum Ha MHTepuKTanbHOM I3[ BO3MOXHA peayKuusa 3nunenTMdOpMHbIX U3MeHeHUI. B Takux cnyuya-
X MOXeT perncTpMpoBaTbCs NAaTTEPH C AOMUHUPYIOLWEN anbda-akTUBHOCTbIO. Llenbio uccnepoBaHmsa aBnanach cucte-
MaTU3auMa BapuaHTOB aNbda-akTMBHOCTM Yy NALMEHTOB C papMakopesncTeHTHOM snunencuein. O6cnenoBaHa rpynna
13 50 nauMeHToB C PapMakope3nCTEHTHOW anunencuei B Bo3pacte oT 20 go 55 neT, HAXOAMBLIMXCSA HA NEYEHUU B KNU-
HuKe Poccuickoro HeMpoOXMpypruyeckoro MHCTUTYTa uM. npod. A.Jl. NMonexnosa B 2014-2017 rr. B 12 cnyyasax 6binum
3adMKCUMPOBaHbl NATTEPHbl YCIOBHO-NATONOrMYeCKOM anbda-akTUBHOCTU. Bbinn BblgeneHbl TpM OCHOBHbIX BapMaHTa
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anbda-natTepHoB: 1) anbda-puTM CO CHUXEHUEM 30HANbHbIX PA3NIMUNI U BbIPAKEHHOM CUHXPOHM3ALUEN B BUCOUHDIX
oTaenax; 2) anbda-puTM C BKJOYEHUEM B CTPYKTYPY KBEPETEH» pefyLMPOBAHHbIX 3NUAENTUDOPMHbBIX KOMMIEKCOB;
3) 3aMennieHHaa HEPUTMU3UPOBAHHAN afibda-aKTUBHOCTb, MCKAaXKEHHAs BbICOKOYACTOTHOM cocTaBastowen. BoioeneH-
Hble BapMaHTbl YCIOBHO-NATONOrMYeCckon anbda-akTMBHOCTU B NPEeACTaBAEHHON O4epefHOCTM OTPaXalT no3TanHoe
HapacTaHue AUCHYHKLMM TanaMo-KOPTUKAJIbHbIX B3aMMOOTHOWEHUI. YUUTbIBAS UMEIOLLYOCS Y NauMeHTOB papMako-
pPEe3UCTEHTHY 3MUAENCUI0 C YAaCTbIMKU NPUCTYNaMu, 3adUKCUPOBaAHHbIE BapUaHTbl anbda-akTUBHOCTM HE MOTYT pac-
CMaTpUBAaTbCS KaK MPOSBAEHUS CMHAPOMA HAaCUIbCTBEHHOW HOpManu3auuu (cuHapoma JlaHgonbta). MHBa3uBHbINA MoO-
HUTOPUHT BMO3NEKTPUYECKON aKTUBHOCTM KOPbI NOKa3an, YTO BCMbIWKKM 330CTPEHHbIX MOAUGDA3HbIX BOJH B CTPYKType
anbda-puTMa Ha ckanbnosoi I3 coBnafatoT C 3NUAENTUYECKUMU pa3psaaMu Ha KOpe, YTO NO3BONSIET CYMTATb Takue
31eMEeHTbl KOppenaTaMu 3NMNenTUYeckon pa3pagHO aKTUBHOCTU Ha Kope. Takum obpa3oM, B psaae ciaydyaeB y 60NbHbIX
C anunencueint MoXeT HabNAATLCA KAMCCOLMALUA» KIMHUYECKUX NMPOSBEHUI U IneKTpo3Huedanorpaduyeckoi Kap-
TUHbI B COCTOSIHWUM NACCMBHOrO 6OAPCTBOBAHUSA, KOrAa 3NMNenTUOPMHbIE IN1EMEHTbI MOTYT MOJIHOCTbIO OTCYTCTBOBATb
WK pefyumpoBaThbCs A0 HecneuuduyeckMx KOMNIEKCoB.

KntoueBble cnoBa: anunencus; anekTposHuedanorpadus (331); anbda-put™; BUAE0-I3-MOHUTOPUHT; 3N1E€KTPOKOPTUKO-

rpadwms.

INTRODUCTION

Presently, elucidating epilepsy pathogenesis and
improvement of its diagnostics and treatment are
among the most significant challenges in neuro-
logy [7]. Epilepsy is a relatively widespread con-
dition, with a worldwide incidence rate of 5-10 per
1000 people. In the Russian Federation, the estimated
incidence of epilepsy is 1.2-7.2 per 1000 people [1].
Since the disease is often diagnosed late, it results in
the development of drug-resistant epilepsy observed
in 20%—-30% of all cases.

For many years, electroencephalography (EEG) re-
mains the leading diagnostic method for patients with
epilepsy [3, 6, 7], as a majority of patients experienc-
ing regular epileptic seizures exhibit epileptiform ac-
tivity on EEG. However, up to 30% of patients suffer-
ing from epileptic seizures and receiving antiepileptic
therapy have only alpha activity with no epileptiform
patterns on EEG during passive wakefulness [6].
This can be partially explained by changes in bioelec-
tric activity with the involvement of critical thalamic
mechanisms of alpha rhythms’ generation [2, 12] as
well as deformation and reduction of epileptiform
changes, primarily induced by antiepileptic therapy.
While the detection of pronounced alpha spindles on
EEG indicates well-established adaptive mechanisms
for upward and downward regulation, their disappear-
ance demonstrates impaired sensorimotor integra-
tion [4]. Nonetheless, alpha range potentials on EEG
do not always indicate well-being as they can be detec-
ted, for example, in a coma [16, 17]. The detection of
alpha activity without epileptiform patterns on EEG
significantly reduces the probability of diagnosing
epilepsy, assessing its dynamics, and choosing a cor-
rect treatment regimen. Recent studies investigating
alpha activity in patients with epilepsy have revealed
only a reduction of variability in the frequency of the
basic rhythm in these patients [15]. However, despite

the apparent role of thalamocortical interactions in
spreading epileptic discharges in experimental and
mathematical models [2, 9, 20], its pathophysiological
aspects are poorly understood to establish unambigu-
ous relationships [21]. The characteristics of the alpha
rhythm and its evolution are currently investigated in
the normal EEG and non-epileptic pathological EEG
using novel sophisticated methods of data processing
[10, 19, 22]. A detailed analysis of alpha activity in
patients with epilepsy receiving antiepileptic drugs
(AEDs) will probably enhance the predictive value of
EEG for these patients [11].

This study aimed to assess and systematize EEG pat-
terns with a prevalence of alpha activity in patients with
drug-resistant epilepsy.

MATERIAL AND METHODS

We analyzed the results of comprehensive clinical,
neurophysiological, and neuroimaging examination of
50 patients with drug-resistant epilepsy aged between
20 and 55 years. Patients were examined and treated
at the Clinic of the Polenov Russian Neurosurgical In-
stitute during 2014-2017. The inclusion criteria in this
study were as follows: (1) have focal drug-resistant
epilepsy according to the International League Against
Epilepsy (ILAE) criteria (treatment with two or more
modern AEDs for more than 2 years); and (2) have
stable thythmic alpha activity on EEG during passive
wakefulness.

Neurophysiological examination included conven-
tional EEG with functional tests and long-term video-
EEG monitoring during wakefulness and sleep. The
surface EEG was recorded in standard leads using mo-
nopolar and bipolar montage with electrode locations
according to the International 10-20 System.

In this study, 12 patients underwent long-term in-
vasive neurophysiological monitoring to verify the
location of the epileptic focus. Electrocorticogra-
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phy (ECoG) was recorded using subdural electrodes
in a bipolar montage; the electrodes were introduced
through the burr holes. In addition, conventional EEG
was recorded in parallel with ECoG to assess the distri-
bution of bioelectric activity. The amplifier’s bandwidth
was 0.5-70 Hz in both variants.

Furthermore, neurophysiological examinations
were performed using two diagnostic systems, “Mitsar-
EEG-201” and “Mitsar-EEG-202.”

RESULTS

All study participants have had epilepsy for a long
time (3—29 years). The age at the disease onset varied
between 1 and 51 years. The antiepileptic therapy in-
cluded at least two modern AEDs, and plasma concen-
tration of the drugs was within the therapeutic reference
ranges. Thus, all patients fulfilled the ILAE criteria for
drug-resistant epilepsy.

In this study, 22 of 50 patients had concordant clini-
cal, neuroimaging, and neurophysiological findings.
In addition, 10 patients exhibited a high index of stable
regional epileptic activity along with alpha activity reg-
istered by EEG. In 12 patients, both conventional EEG
and video-EEG monitoring during passive wakefulness
demonstrated only stable alpha activity without any
epileptic patterns. Bilateral epileptiform activity was
registered in 26 patients using the surface EEG. Fur-
thermore, 14 patients required two or three additional
procedures of long-term video-EEG monitoring with a
mean duration of 5.5 + 2.2 h to verify the location of the
epileptic area. In 13 patients, the sensitivity of video-
EEG monitoring was insufficient to identify the loca-
tion of the epileptic focus; these patients additionally
underwent invasive monitoring of the brain bioelectri-
cal activity.

Thus, conditionally pathological alpha activity on
EEG was observed in 12 of 50 patients with drug-
resistant epilepsy (Table 1). Of these, 8 patients de-
veloped epileptic seizures in childhood at the age of
3-16 years.

Table 1 shows that we failed to find significant cor-
relations between the clinical manifestations, neuroim-
aging findings, and the type of EEG changes. However,
we observed some deviations from the normal alpha
activity during passive wakefulness.

The detected alpha activity differed from the standard
alpha activity during passive wakefulness. We identi-
fied the following three main variants of conditionally
pathological alpha activity (Figures 1-3):

1) alpha rhythm with reduced zonal differences and
pronounced synchronization in the temporal areas;

2) alpha rhythm with reduced epileptiform elements
within the spindles; and

3) slow non-rhythmic alpha activity distorted by high-
frequency oscillations (sharpened waves).

Figure 2 shows a pattern of the background activity
with well-modulated alpha rhythm. Regional high-
amplitude sharpened oscillations are registered in the
structure of alpha spindles. Usually, such findings
are considered as a nonspecific pathological activity.
Figure 3 shows weakly modulated sharpened alpha
rhythm characterized by unstable frequency (8—11 Hz)
and medium amplitude (up to 60-70 pnV). Alpha activ-
ity prevailed in the central and temporoparietal leads.
Asynchronous sharpened transients originating pri-
marily from posteriotemporal areas were occasionally
registered on EEG.

We described a clinical case of symptomatic tem-
poral lobe epilepsy in a 40-year-old female patient
with complex focal seizures to complete the classi-

Table 1
The characteristics of patients with predominant alpha activity on EEG during wakefulness
Tabauua 1
XapakTepucTuka rpynnbl NaLMeHTOB C AOMUHMPYIOLLEN anbda-akTMBHOCTbIO Ha 33 6oapcTBOBaHMS
No. Gender/ | Age at dis- Dlsegse Type of seizures MRI AEDs
age case onset | duration
Partial sensory; complex: dia Moderate encephalo Carbamazepine,
1 Male/35 15 20 . ¥ plex: dia- . PRalOP™ | g dium Valproate,
leptic, automotor athy of mixed origin .
Phenytoin
Partial: sensorimotor, vegeta- Hippocampal asym- |Perampanel, Carbam-
2 Male/40 % 15 tive; automotor metry (L > R), FCD |azepine
- . Pilocytic astrocytoma .
3 Male/36 19 17 Partial: sensory, vegetative; in the right lateral Sodlum Valproate,
automotor ventricle Levetiracetam
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End of the table 1
OkoHyaHue mab. 1

No. Gender/ | Age at dis- Dlsegse Type of seizures MRI AEDs
age ease onset duration
Partial: vegetative sensory, mo- |Right hippocampal Sodium Valproate,
tor; complex: dialeptic, automo- |sclerosis, heterotopia | Carbamazepine
tor; SGS at the left lateral ven-
4 Female/35 13 22 tricle, cystic atrophy
of the right frontal
lobe
Complex partial vegetovisceral: | Right hippocampal Sodium Valproate,
5 Female/31 16 15 dialeptic, automotor; SGS cyst, external hydro- | Oxcarbazepine
cephalus substitution
Partial psychosensory; complex |Right hippocampal Sodium Valproate,
6 Female/40 9 31 automotor; SGS sclerosis Oxcarbazepine, Lacos-
amide, Levetiracetam
Partial, psychomotor, SGS Right hippocampal Sodium Valproate,
7 Female/27 24 3 sclerosis, heterotopia | Levetiracetam
Partial: vegetative, psychomo- | Moderate mixed Sodium Valproate,
8 Female/31 9 22 tor; GS complex automotor hydrocephalus Lacosamide, Leveti-
racetam
Partial, vegetovisceral; GS No pathological Lacosamide, Leveti-
9 Male/32 12 20 changes racetam
Complex focal seizures with Bilateral subependymal | Sodium Valproate,
10 Female/30 26 4 motor and ambulatory automa- | heterotopia of the gray | Levetiracetam, Oxcar-
tisms, rare GS matter bazepine
Serial focal motor seizures, aura | No pathological Zonisamide, Lacos-
11 Female/30 3 27 changes amide
Complex focal seizures No pathological Carbamazepine, Lacos-
12 Male/31 11 20 changes amide, Levetiracetam

Abbreviations: AEDs, antiepileptic drugs; SGS, secondarily generalized seizures; GS, generalized seizures; MRI, magnetic resonance

imaging; FCD, focal cortical dysplasia

fication of EEG patterns. The first seizure occurred
at the age of 29 during delivery; she lost conscious-
ness and developed motor automatisms (scratching
movements of the hands and leg extension) with sub-
sequent postictal confusion. After delivery, seizures
continued with a frequency of 10-15 every month.
The patient received several AEDs, including valpro-
ates, topiramate, trileptal, and vimpat; however, treat-
ment regimens were changed several times because of
ineffectiveness. Until hospitalization, the patient had
1-2 serial (4-5 per day) seizures per month with a du-
ration of 2—3 min. Her treatment regimen included le-
vetiracetam and lamotrigine. While video-EEG moni-
toring demonstrated two foci of pathological activity

(sharpened waves) in the right and left temporopari-
etal areas, MRI brain scans revealed focal changes
with possible vascular origin. In addition, we detected
hippocampal asymmetry (D < S). Positron emission
tomography/computed tomography (PET/CT) scan-
ning revealed signs of glucose hypometabolism in the
cortex of the right temporal lobe, primarily in the tem-
poral pole and in the temporoparietal area of the left
hemisphere. Owing to the partial concordance of clin-
ical, neuroimaging, and neurophysiological findings,
the patient underwent invasive monitoring to verify
the location of the epileptic focus. Accordingly, sub-
dural strip electrodes were placed bilaterally over the
temporal lobes, and a dominant focus of epileptic ac-
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Fig. 1. Alpha rhythm with reduced zonal differences and pronounced synchronization in the temporal areas in a 36-year-old
male patient with drug-resistant epilepsy
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Fig. 2. Alpha rhythm with reduced eplleptlform elements W|th|n the splndles ina 28-year -old female patient with drug-resistant

epilepsy
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Fig. 3. Slow alpha activity distorted by rare high-frequency oscillations (sharpened waves) in a 38-year-old male patient with

drug-resistant epilepsy
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OCTpeHHbIMU» noTeHuuanamu. bonbHoi C., 38 net, hapmakopesucTeHTHas anunencus

tivity (with activity index of 50%—60%) was detected
in the right temporal lobe.

Hence, video-EEG monitoring with sleep depriva-
tion did not allow identification of the exact location
of a dominant epileptic focus. The pattern of the back-
ground activity included the alpha rhythm with ab-
normal zonal distribution, and diphasic and triphasic
sharpened waves were occasionally detected.

Furthermore, we performed long-term invasive
monitoring of the cortical bioelectric activity to
verify the location of the epileptic focus. Strip elec-
trodes were introduced through the burr holes and
placed on the cortical surface of the temporal lobes
in the right and left hemisphere under general anes-
thesia. After 2 days, we performed co-registration of
the surface EEG and ECoG. The invasive monitor-
ing revealed that diphasic and triphasic sharpened
waves in the alpha rhythm coincided with epileptic
discharges in the cortex (Figure 4). Our results sug-
gested that sharp polyphasic waves in the structure
of alpha spindles correlate with epileptic discharges
in the cortex.

Finally, we detected an epileptic focus in the right
temporal area. The patient underwent surgical re-
moval of two-thirds of the temporal lobe, amygdala,
and anterior hippocampus under electrophysiological
control. The patient was examined after 1 year of sur-

gery. Although no seizures occurred during this time,
the patient had several episodes of aura. Video-EEG
monitoring demonstrates steady alpha rhythm with no
signs of focal or diffuse epileptiform activity.

DISCUSSION

We believe that the described variants of condition-
ally pathological alpha activity (in order of their ap-
pearance in the text) reflect gradually increasing dys-
function in thalamocortical interactions [2, 16].

The detected changes in the alpha rhythm do not
necessarily indicate typical epileptiform activity.
However, if a patient presents epileptic seizures with
no response to therapy, these EEG changes can be con-
sidered conditionally pathological.

The presence of sharpened waves within normal
or distorted alpha rhythm is probably explained by
the reduction (incomplete conduction) of epilep-
tiform activity from the cortex to the scalp surface
because of the signal scattering in the dielectric
structures of the skull and integumentary tissues [8].
Cortical epileptiform discharges are detected on the
scalp only when they reach specific amplitude [3, 6,
7, 18]. In this description of alpha activity patterns,
the focus should be on the relatively high frequency
of EEG alpha patterns in patients diagnosed with epi-
lepsy, especially in those with drug-resistant forms
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Fig. 4. Reduced cortical epileptiform activity on the surface EEG: results of invasive monitoring. Surface EEG signals were re-
gistered from the leads Fp1,Fp2,T3,T4,01,and 02. Leads D and S correspond to corticographic strip electrodes in the
right and left hemisphere, respectively. The Biol lead-ECG

Puc. 4. Peaykumnsa KOpKOBOM 3NMNenTUYECKOM aKTUBHOCTH HA cKanbnoBow DOI: pe3ynbTaTbl MHBAa3MBHOrO MOHMTOpUHra. OTBeae-
Hua Fp1,Fp2,T3,T4,01, 02 ckanbnoBoi 33I. OTBeaeHns D u S cooTBeTCTBYIOT KOPpTUKOrpadUUEeCKUM CTPUN-3/1eKTPOoAaM
NpaBoro M JIeBOro noJsiywapus cooTBeTcTBeHHo. OTBeaeHune Biol — KT

and frequent seizures. In this case, the clinical mani-
festations hinder the interpretation of the alpha pat-
tern as a sign of Landolt syndrome (syndrome of
forced normalization).

A hypersynchronous sharpened alpha rhythm has
already been described as an equivalent of cortical epi-
leptiform discharges [5]. These oscillations are similar
to typical epileptiform discharges (sharp waves) when
registered directly in the cortex. Some researchers con-
sider sharpened theta/alpha activity with an average fre-
quency of 9.5 Hz and increasing amplitude as one of
the EEG patterns typical of the seizure beginning [14].
However, such EEG patterns are currently described as
nonspecific pathological changes or lowered seizure
threshold in most cases. Limited studies emphasize the
importance of high-frequency oscillations in the alpha
rhythm for detecting epileptogenic areas in the cor-
tex [13].

Thus, patients with epilepsy often have discor-
dance between the clinical manifestations and EEG
findings during passive wakefulness. Perhaps, epilep-
tiform discharges could be completely absent or re-
duced to nonspecific complexes in the structure of the
basic rhythm.

CONCLUSIONS

1. Twelve of 50 patients with drug-resistant epilep-
sy had conditionally pathological alpha activity
on EEG. Of these, eight developed epileptic seizures
in childhood at the age of 3—16 years.

2. We described three main variants of conditionally
pathological alpha activity as follows: (1) alpha rhythm
with reduced zonal differences and pronounced syn-
chronization in the temporal areas; (2) alpha rhythm
with reduced epileptiform elements within the spin-
dles; and (3) slow non-rhythmic alpha activity distorted
by high-frequency oscillations (sharpened waves).

3. The described variants of conditionally patho-
logical alpha activity reflect gradually develop-
ing dysfunction in thalamocortical interactions.
The detected changes in the alpha rhythm do not
necessarily indicate typical epileptiform activity.
However, if a patient has epileptic seizures with
no response to therapy, these EEG changes can be
considered conditionally pathological.
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