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ABSTRACT: The effect of structural epilepsy on the frequency of intraoperative convulsive seizures is assessed when
mapping functionally significant areas of the cerebral cortex during resection of intracerebral neoplasms. The work is based
on the analysis of the results of intraoperative neurophysiological studies at the Polenov Neurosurgical Institute. For the pe-
riod 2019-2020 87 intraoperative mappings of eloquent cortex were carried out during resections of intracerebral neoplasms:
79 mappings of the motor cortex and 16 mappings of auditory-speech areas during operations with awakening. When map-
ping the motor zones of the cortex, the frequency of seizures was 5.1%, while mapping the auditory-speech zones with
awakening — 18.75%. The division of cases of intraoperative convulsive seizures into two groups: seizures arising from motor
mapping and seizures associated with the mapping of auditory zones — reflects differences in factors that affect the excitabil-
ity of the cerebral cortex. In motor mapping, stimulation occurs against the background of general anesthesia, unlike waking
operations. The intensity of stimulation in auditory mapping is higher than in motor mapping in motor mapping. Formally,
the current used in motor mapping is significantly higher than in mapping auditory zones. In general, with the development of
intraoperative convulsive seizures, the current intensity of cortical stimulation does not exceed the average values required
to stimulate functionally significant cortical zones. The presence of epileptic syndrome in patients with intracerebral tumors
cannot be considered as a predictor of intraoperative seizure development when performing motor mapping under general
anesthesia as well as during surgery with awakening for mapping of motor or auditory verbal zones.
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WHTPAONEPALMOHHBIA CYA0POXHbIA CUH[,POM
nPU KAPTUPOBAHUU OYHKLUOHAJIBHO 3HAYUMbDIX
30H KOPbl r0J/10BHOI0 MO3rA

0.A. Tonopkosa, M.B. Anekcangpos, M.M. TactaHb6exkoB

PoccuiCcKmMiA Hay4HO-MCCNe[0BaTeNbCKUIM HEMPOXMPYPrUYECKUI MHCTUTYT UM. npod. A.J1. MoneHoBsa (¢unman HaumoHanbHOro MeanUMHCKOro
uccnenoBaTeNnbCeKoro LeHTpa uM. B.A. Anmasosa), Cankt-letepbypr, Poccua

Pestome. OueHvBaeTCA BANAHME CTPYKTYPHOM 3MMAENCUM HA YaCTOTY MHTPAONepaLMOHHBIX CYLA0POHHbBIX NPUNALKOB
MNPV KapTMPOBaHUM QYHKLIMOHANBbHO 3HAYMMBIX 30H KOPbI FOIOBHOMO MO3ra B X0[€ Pe3€KLMMU BHYTPUMO3roBbIX HOBOOOPa-
30BaHWi. B ocHoBY paboTbl NONMOMKEH aHaNU3 pe3yNbTaToB MHTPAONEePaLMOHHBIX HEMPOGU3MONOTrMYECKMX UCCNeL0BaHNI
B POCCUINCKOM Hay4HO-UCCNeL0BaTeIbCKOM HEMPOXMPYPrUHECKOM UHCTUTYTE MMeHn npodeccopa A.J1. MoneHosa. 3a nepu-
of 2019-2020 rr. 6bino nposeaeHo 87 UHTpaonepaLMOHHbIX KapTUPOBaHUIA GYHKLMOHANBHO 3HAYMMBIX 30H KOpbI F0/10B-
HOr0 MO3ra B X0/1€ Pe3eKLMIA BHYTPMMO3r0BbIX HOBOOOPa30BaHMiA: 79 KapTUPOBaHMIA MOTOPHOM Kopbl U 16 KapTUPOBaHWIA
C/lyXOpey4eBbIX 30H MpU onepauusx ¢ npobyxaeHveM. py KapTMpoBaHUM ABMraTe/bHbIX 30H KOpbl YacToTa NpUnafKoB
cocTaBuna 5,1%, npy KapTMpoBaHWUK CnyxopeyeBbiX 30H ¢ NpobyxaeHneM — 18,75%. [leneHue ciy4aeB MHTpaonepaum-
OHHBIX CYJOPOMHbIX MPUNALKOB Ha ABE PYNMbl: NPUMNaaKKM, BO3HKUKAIOLLME NPU MOTOPHOM KapTMPOBaHWK, U NpUNagKMy,
CBA3aHHbIE C KAapTMPOBaHMEM CNYXOpEYeBbIX 30H, — OTPaKaeT pPasuumA B GaKTopax, OKasblBALIMX BAMAHUE HA BO3-
6yAMMOCTb Kopbl FO/1I0BHOrO Mo3ra. [1py MOTOPHOM KapTVMpOBaHUM CTUMYNALMA NPOMCXOAMT Ha QoHe 06LLel aHecTe3nn
B OT/IUYME OT Onepaumui ¢ npobyraeHneM. VHTEHCMBHOCTb CTUMYNALMM NpU CYXOPEYEBOM KapTUMPOBaHWUM BbILLE, YeM
Mpy MOTOPHOM KapTupoBaHuUK. DopManbHO CUMa TOKa, MCMoAb3yeMas NPU MOTOPHOM KapTUPOBAHWUK, 3HAUYMTENBHO BbILLE,
YeM MNpy KapTMPOBaHWM CNYXOpeyeBbiX 30H. B LlenoM npu pasBUTUM MHTpPaoNepaLMOHHbIX CyA0POMKHBIX NPUNAAKOB cvna
TOKa CTUMY/ALMM KOPbl He MPEBbLILLAET CPeAHMe 3HaUeHUd, Tpebyemble AnA CTUMYNALMM QYHKLMOHANBHO 3HAYMMBIX 30H
Kopbl. [loKasaHo, YTo HanuumMe CTPYKTYPHOW SNWUMENCKUM, acCOLMMPOBAHHOW C BHYTPUMO3MOBbLIMU OMYXOAMU, HE MOMKET
paccMaTpuBaTbCA KaK NPefuKTOp pasBUTUA MHTPAONEPaLMOHHBIX CYA0POHHbBIX NPUNAAKOB NpU BbINOSHEHAN MOTOPHOMO
KapTMPOBaHMA KaK B YCNOBUAX 06LLEN aHECTE3WUM, TaK U NPU XMPYPrum ¢ NpobyHAEHWMEM [1A KapTUPOBaHWUS CyXopeye-
BbIX 30H.
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BACKGROUND

A pathological neoplasm localized in the projection of
functionally significant areas of the cerebral cortex should
be resected according to the principle of “physiological
permissibility” formulated by Burdenko [1]. In accordance
with this principle, intraoperative mapping of motor
areas and mapping of auditory and verbal areas with
a conscious patient is widely used in modern intraoperative
neurophysiology [2-4]. Intraoperative motor mapping (MM)
is a neurophysiological technique based on the direct
electrical stimulation of cortical motor areas and registration
of evoked responses from target muscles [1, 5, 6]. If during
monitoring preservation of higher cortical functions such
as speech, spatial sense, and stereognosis is required,
a dynamic assessment of the safety of the studied functions
is possible only when surgery is performed with a conscious
patient during tumor removal [7-10].

The mapping of functionally significant areas can be
complicated by the development of intraoperative convulsive
seizures (ICS). In the literature of the last 10 years, possible
factors contributing to ICS developing has been actively
investigated. However, no clear and generally accepted
concept of epileptogenesis during intraoperative electrical
stimulation of the cortex has been formulated yet. One of
the factors that could explain the pathological excitability
of the cerebral cortex is the presence of structural epilepsy
associated with intracerebral tumors. Lesser et al. [11] and
Spena et al. [12] have reported an increased risk of ICS
during cortical mapping in patients with epilepsy; however,
Simon et al. [13] and Seifert [14] did not find such correlation.

The study aimed to evaluate the effect of structural
epilepsy on the frequency of intraoperative seizures when
mapping functionally significant areas of the cerebral cortex.

MATERIALS AND METHODS

This study was based on medical and statistical analyses
of the results of intraoperative neurophysiological studies at
the A.L. Polenov Russian Neurosurgical Research Institute
(RNRI) in 2019-2020. The incidence of ICS that occurred in
intraoperative mapping during resections of neoplasms in
the projection of functionally significant areas of the cerebral
cortex was analyzed.

To perform MM, monopolar stimulation with trains
was used (4 pulses with a frequency of 500 Hz with an
interstimulus interval of 1-2 ms and repetition rate of trains
of 0.25-1 Hz). Stimulation was started with a current strength
of 1 mA and then increased in increments of 1-2 mA until
a motor response from the target muscles was received.
Motor responses were recorded using subcutaneous needle
electrodes placed on the contralateral side of the body above
m. abductor pollicis brevis, m. abductor digiti minimi, m.
tibialis anterior, and m. abductor hallucis. In the absence
of responses from the target muscles at a current strength
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of 30 mA, the cortical area was considered to not present
motor responses.

To exclude false-negative results of motor zone mapping,
the level of neuromuscular transmission was monitored
using peripheral nerve stimulation with a train-of-four (TOF)
stimulus burst. Stimulation was performed with a burst
of four electrical stimuli with a duration of 500 ps and an
intensity of 30-50 mA (above the motor threshold) delivered
at a frequency of 1-2 Hz. Stimulation needle electrodes
were located in the projection of n. medianus. Registration
was performed with needle electrodes installed above the
m. abductor pollicis brevis. MM was performed at a TOF level
above 70%.

The auditory and verbal zones were stimulated bipolar
using the Penfield paradigm, i.e., continuous stimulation for
1-2 with rectangular stimuli at a frequency of 50 Hz [1].
Stimulation was performed at a current strength of 1-10 mA.
When performing auditory and verbal tests, symptoms of
loss were recorded.

Electrocorticography (ECoG) was performed to verify
epileptiform activities during cortical stimulation. Registration
was performed with AdTech cortical electrode strips (USA).
The bandwidth was 0.5-35 Hz. ECoG was analyzed visually
and logically in real time.

Neurophysiological parameters were registered in
the IOM ISIS hardware-software complex from Inomed
(Germany).

Data are presented as Xav + o (mean + standard deviation).
Student’s t-test was used to assess the significance of
differences in unrelated paired samples. The x? test was used
to assess the significance of differences in the empirical
and theoretical distribution of ICS cases. Differences were
considered significant at p < 0.05. SPSS Statistics version
17 (SPSS Inc., Chicago, IL, USA) was used for statistical
analysis.

RESULTS AND DISCUSSION

From 2019 to 2020, 87 intraoperative mappings of
functionally significant areas of the cerebral cortex were
performed during resections of intracerebral neoplasms.
Moreover, 79 mappings of the motor cortex and 16 mappings
of auditory and verbal areas were performed during awake
surgeries. The average current was 21.6 + 7.6 mA during
MM and 6.9 + 3.4 mA during mapping of verbal zones.

During the analyzed period, seven ICS cases were
registered when mapping functionally significant areas of
the cortex. In cases where the surgery was complicated by
ICS, the intensity of the stimulation current did not exceed
the average values necessary for mapping the motor cortex
and the auditory and verbal areas during awake surgeries
(Table 1).

During surgeries with conscious patients for mapping
speech areas using the bipolar stimulation technique, seizures
occurred in three patients, which accounted for 18.75% of
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all surgeries using this technique (Table 2). When mapping
the motor areas of the cortex under general anesthesia, four
cases of convulsions were registered, which accounted for
5.1% of all surgeries during MM. However, the difference
in ICS incidence in MM and mapping of auditory and verbal
zones was not statistically significant.

A multicenter study in Europe analyzed the results of
intraoperative mapping performed in 15 medical centers
of neurosurgery [12]. A total of 2098 cases were analyzed,
including 1235 (58.8%) cases of mapping under general
anesthesia and 863 (41.1%) cases with awakening.
The incidence of ICS in different centers ranged from 2.5%
to 54%. On average, ICS developed much more often when
mapping auditory and verbal areas during awake surgery
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(n = 155; 18.6%) than during MM under general anesthesia
(n=109; 8.8%).

Spena et al. [12, 15] provided similar data on ICS
incidence when mapping functionally significant areas of
the cortex. The incidence of ICS was 11.2% with auditory
and verbal awake mapping and 8.2% with mapping of motor
areas.

Thus, the incidence of ICS in RNRI during
neurophysiological monitoring was close to the minimum
values of the incidence of this indicator, as reported by
the leading neurosurgical centers in Europe.

The division of ICS cases into two groups, i.e., seizures
that occur with MM and seizures associated with mapping
of auditory and verbal areas, reflects differences in factors

Table 1. Intraoperative seizures: characteristics of the examined patients
Ta6nuua 1. VHTpaonepaLMoHHbIi CYL0POMKHBIA CUHAPOM: XapaKTepUCTUKa 06cef0BaHHbIX 60/bHbIX

Parameters of cortical
Sex/age, Diagnosis/degree of anaplasia Presence of structural Conditions for stimulation
years 9 9 P epilepsy/AEP intake mapping
Polarity Current, mA
F/26 Astrocytoma of the left parietal No TIVA Monopolar 21
lobe/grade I
Astrocytoma of the right insular Yes/depakine
T lobe/grade I 750 mg/day TIVA Monopolar 7
Superior sagittal sinus Yes/depakine-chrono . .
F/47 meningioma/grade Il 1000 mg/day Inhalation anesthesia ~ Monopolar 19
Astrocytoma of the right frontal Yes/carbamazepine
F/31 lobe/grade Il 600 mg/day TBBA Monopolar 22
Glioblastoma of the left frontal . .
M/45 lobe/grade IV No Awake craniotomy Bipolar 6
Glioblastoma of the left temporal ~ Yes/depakine-chrono . .
M/48 lobe/grade IV 1000 mg/day Awake craniotomy Bipolar 8
M/27 Oligodendroglioma of the left No Awake craniotomy Bipolar 8

frontal and insular lobes/grade II

Note: * TIVA, total intravenous anesthesia with propofol, fentanyl, clonidine; AEP, antiepileptic drugs.

Table 2. Frequency of intraoperative seizures during intraoperative mapping of eloquent cortex, abs. (%)
Tabnuua 2. YacToTa MHTPaonepaLMOHHbIX CYLOPOMKHBIX MPUNALKOB NPYU MHTPAONepPaLMOHHOM KapTUPOBaHWUM GYHKLIMOHA/BHO 3HaUM-

MbIX 30H KOpbl FOI0BHOMO Mo3ra, abc. (%)

Motor mapping under general anesthesia

Mapping of audioverbal zones upon awakening

Number of cases
Without ictal event

With ictal event

Without ictal event With ictal event

Total 75 (94.9) 4(5.1) 13 (81.25) 3(18.75)
With structural epilepsy | 37 (46.8) 3(4.1) 10 (62.5) 1(6.25)
Without epileptic syndrome 38 (48.1) 1(1.4) 3(18.75) 2(12.5)
Without epileptic syndrome 79 (100) 16 (100)

X 0.44 (p > 0.05) 0.49 (p > 0.05)
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that affect the excitability of the cerebral cortex. With MM,
stimulation occurs under general anesthesia, in contrast to
awake surgeries. The intensity of stimulation with auditory
and verbal mapping is higher than with MM. The current
strength used in MM is much higher than that in mapping
auditory and verbal zones. However, according to our
calculations, the power of direct stimulation when using
trains of 3-5-7 stimuli is significantly lower than with
continuous stimulations for 2-5 stimuli with a lower current,
but a high frequency. Szelényi, Joksimovi¢, and Seifert [14]
adhere to a similar opinion about the lower proepileptogenic
activity of train stimulation.

In some patients who developed ICS, an intracerebral tumor
was associated with structural epilepsy. There were three
such cases in the MM group, and one case in the auditory and
verbal zone group. A hypothesis was formulated: the resulting
distribution is not random; therefore, the probability of
occurrence of ICS in patients with structural epilepsy is higher
than in patients without epileptic syndrome. The comparison of
the theoretical and empirical distributions with the calculation
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