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ABSTRACT

BACKGROUND: Taking into account the increasing number of armed conflicts, the number of combat head traumatic injuries
and their consequences, which are faced not only by military doctors, but also by civilian healthcare, is thereof increasing.
AIM: The purpose of this article is to focus the attention of practicing neurologists and neurosurgeons to the modern principles
of diagnostic and treatment of post-traumatic epileptic seizures after high-energy combat traumatic brain injury of various
severity.

MATERIALS AND METHODS: The article presents the discussion of the clinical application of a number of theoretical concepts,
definitions and recommendations used in cases to epileptic seizures after trauma and post-traumatic epilepsy. A prospective
analysis of 224 patients with severe combat traumatic brain injury is presented. To evaluate different approaches to preven-
tive therapy of epileptic seizures, the entire cohort of patients was divided into two groups: the first group (n = 122, 54.5% of
patients) — without prophylactic use of antiepileptic drugs; the second group (n = 102, 45.5% of patients) — with prophylactic
use of antiepileptic drugs. All patients underwent EEG, CT of the brain, and MRI of the brain in the absence of metal fragments
in the body. The follow-up period was 12—18 months. Data from 79 patients with concussion in the structure of mine-blast
injury were analyzed separately.

RESULTS: The analysis of the incidence of early and late acute post-traumatic seizures is carried out, various approaches to
their treatment are discussed, depending on the clinical and diagnostic findings. The historical aspect of comparing the inci-
dence of post-traumatic epilepsy in major wars of the twentieth century and current armed conflicts is touched upon, taking
into account the contemporary approaches — the availability of specialized medical care, the possibility of current methods of
examination and therapy.

CONCLUSION: The results obtained in the work provide grounds for revising the strategy of prophylactic administration of an-
tiepileptic drugs to patients with severe head injury in modern conditions of providing specialized care.

Keywords: acute symptomatic epileptic seizures; antiepileptic drug; combat brain injury; military trauma; penetrating
head injuries; post-traumatic epilepsy; post-traumatic seizures; prophylaxis of epilepsy; prophylaxis of epileptic seizures;
traumatic brain injury.
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InunenTUyeckue npucTynbl nocne
OrHecTpenbHOM YepenHo-M03roBOU TPaBMbl.
Ponb u MecTo I1p0TMBO3I1MJ'IEI1TM'-IECKOﬁ Tepanuu
C.H. basunesuy, W.B. JIutBuHenko, M.M. OaunHak, H.B. LUpiran

BoeHHo-MeauunHcKas akapemus, CaHkT-lMetepbypr, Poccus

AHHOTALMA

AxTtyanbHocTb. C y4eToM BO3POCLUEr0 KOSMYECTBa BOOPYXEHHBIX KOH(QIMKTOB 3aKOHOMEPHO YBENMYMBaeTCs unucnio 6oesou
TpaBMbl FOJIOBbI U €€ NMOC/eACTBUN, C KOTOPBIMU CTaNIKUBAKOTCS HEe TOJIbKO BOEHHbIE Bpayu, HO M rPaXKAaHCKoe 3[paBooxpa-
HeHve.

Lienb: 06patiTb BHUMaHWe NPaKTUKYIOLMX HEBPOJIOTOB U HEMPOXMPYProB HA COBPEMEHHbIE MPUHLMMBI AMArHOCTUKU U ne-
UeHUs NOCTTPaBMaTUYECKUX 3MUNENTUHECKUX NPUCTYNOB MOC/Ee BbICOKO3HEPreTUiecKon 60eBol TpaBMbI M0M0BbI Pa3fiNyHOI
CTENEHM TAXKECTH.

Matepuansl u MeToabl. B cTaTbe 0bcyaatoTcs BONPOCH! KIIMHUYECKOrO NPUMEHEHUS PSLA TEOPETUYECKUX MOHATUH, onpe-
LEeNeHUi 1 PeKOMEeHAALMIA, UCTIONb3YeMbIX MO OTHOLLEHMIO K 3NWENTUYECKVUM MPUCTYMaM nocne TpaBMbl U NOCTTpaBMaTty-
yeckon anunencu. MNpeacTaBneH NPOCNEKTUBHBIM aHanu3 224 nauueHToB ¢ 60eBOi TAXKENON YepenHO-MO3roBoi TpaBMOM.
[ins oLueHKY pasHbIX NOLX0A0B K NPOGMIAKTUYECKON Tepanum aNUNENTUYECKUX NPUCTYNOB BCSA KOropTa CcCieyeMblX naum-
eHTOB OblNia pasaeneHa Ha fge rpynnbl: nepsas rpynna (n = 122, 54,5 % naumentoB) — 63 NpoduUNaKTMYECKOro NpUMeHe-
HWSl @HTUINWIENTUYECKUX NpenapaTos; BTopas rpynna (n = 102, 45,5 % naumeHToB) — ¢ NpOdUNAKTUYECKUM NPUMEHEHUEM
aHTU3NUNENTUYECKUX NpenapaToB. BceM nauueHTaM BbINOMHSANMM 3NeKTposHUedanorpadmio, KOMMbIOTEPHYK ToMorpaduio
FOIOBHOrO MO3ra, MpY OTCYTCTBUM OCKOJIKOB B Tesle MarHWUTHO-Pe30HaHCHYK ToMorpaduio rosioBHoro Mosra. KatamHes
coctaun 12-18 Mec. OTaenbHO NpoaHanM3vpoBaHbl faHHbIe 79 NaUMEHTOB C COTPACEHMEM TOJIOBHOrO MO3ra B CTPYKType
MWHHO-B3pPbIBHOM TPaBMbl.

Pe3ynbtartbl. [IpoBefieH aHanu3 YacToTbl paHHUX M MO3LHKUX OCTPbIX NOCTTPABMATMHECKUX MPUCTYNOB, 06CYKAAOTCA pasuy-
Hble NOAX0Ab! K UX JIEYEHMIO B 3aBUCUMOCTY OT KITMHUYECKOM KapTUHBI U IMArHOCTUHECKUX HaXOA0K. 3aTparmBaeTcs UCTOpH-
YECKWI acmeKT CPaBHEHMS YacTOTbl BO3HMKHOBEHWS MOCTTPAaBMAaTMYECKOM 3MUNENcUM B KPYMHbIX BOWHaX XX B. M HbIHELLHMX
BOOPYXEHHBIX KOH(MMKTaX C Y4eTOM W3MEHMBLUMXCA MOAXO40B — LOCTYMHOCTU CMeLUanu3upoBaHHON MeaMLMHCKONM no-
MOLLY, BO3MOXKHOCTAIMM COBPEMEHHBIX METO0B 0BCNe,0BaHUA U Tepaniu.

3aksitoyeHme. lMonydeHHble B paboTe pesynbTaThbl AAlOT OCHOBAHUS MEPECMOTPETb CTPaTervkd MpodMNaKTUYeCKOro Ha-
3HaYeHWUs aHTMANWNENTUYECKUX NPEnapaToB MaLMeHTaM C TAXKENION TPaBMOWA rOSI0Bbl B COBPEMEHHBIX YCNOBUAX OKa3aHMS
Ccneuuanm3vpoBaHHO NOMOLLM.

KnioueBble cioBa: aHTUINWENTUYECKMIA NMpenapaT; BOeHHas TpaBMa; OFHeCTpesSibHas TpaBMa M0o3ra; 0CTpble CUMMNTOMa-
TUYeCcKne anunenTu4ecKne NpPUCTynbl; NOCTTPaBMaTU4ECKaA 3NUNEncud; nocTrpaBMaTu4eCKue NpUCTynbl; NPpOHUKaKLLEee
paHeHue ronoshbl; I'IpOd)VIJ'IaKTVIKa nunencuu; I'IpOd)VIJ'IaKTVIKa nunenTu4eCKMx NpucTynos; YepenHo-Mo3roeasd TpaBma.
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No battle can be won in the study, and theory without practice is dead.

According to the National Neurology Guidelines, up to
600 thousand persons experience a traumatic brain injury
(TBI) every year during peacetime in Russia. Of these,
approximately 50 thousand cases are fatal, and another
50 thousand cases result in disability. By the end of the
20™ century, there were 2 million patients with disabili-
ties caused by brain damage [1].

According to epidemiology studies of epilepsy in Rus-
sia, the incidence of focal epilepsy in adults exceeds 80%,
with TBIs being the most common etiological factor [2].
An increase in the incidence of TBIs observed in recent
years will undoubtedly result in a higher incidence of
post-traumatic epilepsy (PTE), a concern shared by mili-
tary and civilian doctors. The diagnosis of post-traumatic
epilepsy is based on recurrent unprovoked seizures that
are causally associated with a previous brain injury.
Importantly, a brain injury not only precedes, but also
causes seizures. PTE may be the only consequence of a
TBI, significantly reducing quality of life.

PTE is observed in 4% of patients with a brain injury.
The incidence of PTE depends on the severity of TBI. PTE
is observed in 0.5%-1.5% of patients after a mild TBI,
including concussion and mild cerebral contusion (CC) [3].
Notably, the prevalence of epilepsy in the population is
0.5%-1.0% [1]. Accordingly, mild TBIs are associated
with a slightly higher prevalence of PTE, probably due
to the consequences of mild CC. After a severe TBI, the
incidence of PTE increases dramatically, reaching 15%-
20% in non-penetrating injuries, epidural hematomas,
and cortical lesions, 25% in intracerebral hemorrhages,
subdural hemorrhages, and depressed fractures, and
30%-50% in penetrating gunshot wounds of the skull
[3-5].

In peacetime, mild TBIs account for 80%-90% of all
head injuries. Given the high social and economic sig-
nificance of injuries and their consequences in military
personnel, researchers of the Department of Nervous
Diseases of the Military Medical Academy performed a
series of studies to assess the causal relationship be-
tween concussion and subsequent epilepsy [6, 7]. One of
the main conclusions was that there is no causal rela-
tionship between concussion and recurrent unprovoked
seizures. A concussion is currently defined as a function-
ally reversible condition with no detectable focal damage
to the brain matter [8, 9]. Given that medicine rarely al-
lows for definite conclusions and statements, the authors
emphasize the possibility of exceptions. A personalized
assessment of the association between an injury and
seizures is only possible when a physician has strong
evidence, supported by additional medical history data
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and clinical findings, that the previous clinical diagnosis
of concussion was incorrect and the severity of injury
during the acute period was underestimated (i.e., the pa-
tient had a mild CC rather than a concussion). Moreover,
the authors propose that a confirmed concussion due to
a mine blast injury (MBI), with a combination of brain
tissue damage mechanisms, could be deemed a cause of
PTE under specific conditions (e.g., regional epileptiform
changes on ECG). Since 2022, the Clinic of Nervous Dis-
eases has gained unique experience in the treatment of
patients with a confirmed concussion caused by an MBI.
Thus, we have performed a comprehensive review and
analysis of medical records of 79 patients with a concus-
sion caused by an MBI, of which 40.5% had a concomi-
tant acoustic barotrauma. The duration of follow-up was
6—18 months. Head CT and EEG were performed in 100%
of patients. Due to metal fragments in the body, 25 pa-
tients underwent a head MRI in order to confirm lesions
that were not seen on CT scans. Three of these patients
had traumatic lesions on MRI that were not detected
on previous CT, making it possible to confirm a mild
CC. No epileptiform activity (EA) was detected on EEG
(Figures 1, 2).

This once again indicates that the clinical, anamnes-
tic, and radiological (head CT) signs of concussion after
an MBI (and possibly a non-battle brain injury) may ac-
tually be signs of a mild CC. These three patients were
excluded from the concussion group for further analy-
sis. None of the 76 patients with a confirmed concus-
sion had seizures. Only 2 (2.6%) patients had EA on EEG.
The first patient had an EEG three days after the injury,
which revealed bilateral synchronized bursts of sharp
waves with an amplitude of up to 210 pV, lasting for 1's
(Figure 3).

The second patient had an EEG 107 days after concus-
sion, which revealed EA, with low-frequency sharp and
slow alpha wave complexes (101 pV, 3 vibrations per
second), predominantly in the temporo-parieto-occipital
area (more on the left), with occasional synchronization
(Figure 4). The brain MRI revealed no focal lesions.

When analyzing these two patients with no history of
seizures and no previous EEG, we cannot rule out the
impact of a high-energy battle head injury on the de-
velopment of the detected abnormal bioelectric activity.
However, the generalized epileptiform patterns detected
on EEG are undoubtedly associated with a genetic predis-
position to abnormal synchronous bioelectric activity of
large neuron populations.

A minor increase in the incidence of PTE after mild
TBIs caused by MBIs seems encouraging. However, a
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Fig. 1. Patient L. MRI of the brain — on coronal (a) and axial sections (6) (FLAIR mode) the area of contusion in the subcortical-cortical
area of the left parietal lobe measuring up to 14 x 6 x 9 mm. Before the MR, the patient had been treated for 6 days with a diagnosis of
traumatic brain injury — brain commotion. According to CT of the head on the 3" day after the injury, no structural disorders were detected
Puc. 1. Maument J1. MPT rosioBHOro Mo3ra — Ha KOpOHasbHOM (@) U aKcuanbHoM cpesax (6) (pexxum FLAIR) KapTUHa ydacTKa KoHTY3u-
OHHBIX N3MeHeHNN B CYBKOPTUKaNbHO-KOPTUKaMbHBIX OTAENaX N1eBOi TeMEHHOM Joau pa3mepamm 1o 14 x 6 x 9 MM. [lo nposefieHus MPT
naLmeHT B TeueHue 6 AHen npoxoamn nedvenue ¢ amardozom 34MT, CI'M. Mo paHHbiM KT ronoBbl Ha 3-1 fieHb nocne TpaBMbl CTPYKTYPHBIX
HapYLLEHWI BbISBNEHO He Bbino
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Fig. 2. Patient L. EEG without signs of focal and paroxysmal activity at rest and during functional tests
Puc. 2. MMaument J1. 331 63 NpU3HaKOB 04aroBOM 1 NAPOKCM3MabHON aKTUBHOCTU B MOKOE W Npu GYHKLMOHabHBIX Npobax
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Fig. 3. Patient A. EEG in resting conditions shows regular, well- modulated exalted hypersynchronous, dominant alpha rhythm with a
frequency of 10 oscillations per second, an amplitude of 140 mcV, symmetrical, distorted by bilaterally synchronous bursts of “sharp”
waves with an amplitude of 210 mcV, duration of 1 s in the parietal-occipital leads. Zonal differences are impaired, the alpha rhythm
periodically has a paroxysmal character

Puc. 3. MaumenT A. 331 B ycroBusx NOKos B TeMEHHO-3aTbINI0YHbIX 0TBEEHUAX PErUCTPUPYETCA PeryNspHbIA, XOPOLLO MOAY/IMPOBAHHBIN,
3K3aNbTUPOBAaHHbIW, MUNEPCUHXPOHHBIN, LOMUHUPYIOLLMIA anbdha-puTM ¢ YacToToii 10 Konebanuii B ¢, amnautypoii 140 MKB, cummeTpuyeH,
UCKaXKeH bunatepanbHO-CUHXPOHHBIMM BCMbILLKaMKU «OCTPbIX» BOMH amnautygon 210 MKB, pnutenbHocTbio 1 c. 30HanbHble pa3nnums
HapyLLeHbl, anbha-puT™M NepuoSMyecKU MEET NapOKCU3MarbHbIN XapaKTep

00l hitps://doi.org/ 1017816/ rmmaré636870
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e alpha rhythm spindles, a low-frequency beta rhythm with an amplitude of 13 mcV, com-
plexes of “sharp-slow” wave with an amplitude of 101 mcV, a frequency of 3 oscillations/s, prevailing in the temporo-parietal-occipital
region on the left more than on the right, periodically tending to synchronize

Puc. 4. MaumeHT B. 331 — Ha cTbiKkax BepeTeH anbha-puTMa HU3KOYACTOTHBIN 6eTa-puUTM, aMnanTyaoi 13 MKB, KOMNneKcbl «ocTpas-
MeZsieHHas» BosHa amniutygon 101 MKB, yacToTon 3 Koneb./c, npecbnajatolime B BUCOYHO-TEMEHHO-3aTbIIOYHON obnacT (cneBa
borblue, YeM cnpaBa), NePUOANYECKM UMEKOLLIME HAKNOHHOCTb K CUHXPOHM3aLmMm

Fig. 5. Patient S. CT — trepanation defect in the frontal-temporal-parietal region on the right, measuring 9.2 x 13.7 cm (defect area 153 cm?).
A zone of cystic-atrophic changes in the right hemisphere is determined. The median structures are shifted to the left by up to 0.4 cm.
The lateral ventricles are dilated and symmetrical. In the area of the body of the left lateral ventricle, there is a proximal edge of the
ventricular shunt (history of mine-blast injury)

Puc. 5. Mauuent C. KT — TpenaHaumoHHbIN aedeKT B TO6HO-BMCOYHO-TEMEHHO 0bnacTv cnpasa pasMepamu 9,2 x 13,7 cM (nnowagab
nedexta 153 cm?). OnpeensieTca 30Ha KUCTO3HO-aTPOMUUECKMX N3MEHEHII NPaBoil reMucdepsl. CpeuHHbIe CTPYKTYPbI CMeLLieHbl BIEBO
10 0,4 cM. boKoBble JenyaouKky paclumMpeHbl, CMMMETpUYHbI. B 0bnacTv Tena nesoro 60K0BOro XenyAo4Ka UMeeTcst MPOKCUManbHbIA Kpail

BEHTPUKYNAPHOTO LUYHTA (B aHaMHEe3e MUHHO-B3pbIBHAs TpaBMa)

higher incidence of PTE (up to 50%) after severe pen-
etrating gunshot wounds of the skull can be expected
[3, 4. This high incidence of PTE described in the lit-
erature makes examination findings especially valuable,
as they allow for understanding when exactly the brain
structures were damaged. This makes it possible to as-
sess the formation of epileptic systems over time, even-
tually resulting in PTE, which is essential for the develop-
ment of antiepileptogenic agents.

In terms of casualties in modern local wars and armed
conflicts, there is an overall increase in the incidence of
head injuries (by 2-2.5 times), with fragment wounds and
blast injuries caused by high-energy exploding ammu-
nition (shells, mines, missiles, grenades, bombs, etc.)
being the most common [10, 11]. In modern conflicts,
neurosurgical injuries account for up to 30%, with the
incidence of TBIs reaching 15%. Blast injuries, ballistic
wounds (fragment wounds, gunshot wounds, etc.), and

00l hitps://doi.org/ 1017816/ rmmaré36870

non-ballistic wounds account for 51%, 38%, and 11%,
respectively. In terms of skull and brain injuries, soft
tissue injuries account for 34%, penetrating wounds of
the skull for 15%, and penetrating head injuries for 51%
(Figures 5, 6).

Before presenting the intermediate examination re-
sults for patients with severe gunshot head injuries,
we would like to clarify several terms, definitions, and
data provided in the recent scientific publications. There
is little doubt that not all seizures are associated with
epilepsy. In 2010, the Commission on Epidemiology of
the International League Against Epilepsy presented the
resulting work on defining the term “acute symptomatic
seizure” (ASS) for epidemiology studies in the journal
Epilepsia. Moreover, the Commission clarified the crite-
ria differentiating ASSs from unprovoked seizures [12].
An ASS is defined as a clinical seizure occurring in close
temporal relationship with a documented acute central
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Fig. 6. Patient G. No active complaints consistent with brain injury, conscious, no neurological symptoms. Upon examination, the
entrance holes of a penetrating blind craniocerebral wound are visualized in the left temporal region (at the time of injury, conscious-
ness was not lost). CT of the head — a hypodense wound channel with the presence of foreign bodies of bone density was detected
in the left frontal region, the wound channel goes upwards into the right frontal region of the brain with the presence of a foreign
body of metallic density

Puc. 6. MauveHT I'. Bes akTUBHLIX *anob, COOTBETCTBYIOLLMX TPaBMe MO3ra, B ICHOM CO3HaHWM, 6e3 HEBPOIOrMYECKON CUMMTOMATHUKY.
Mpn ocMoTpe B NIEBOIA BUCOYHOW 06/1aCcTV BU3Yann3MpyIOTCS BXOAHbIE OTBEPCTUS MPOHWKAIOLLEro C/IeNoro YepenHo-Mo3roBoro paHeHus
(B MOMEHT nonyyeHus TpaBMbl co3HaHue He Tepsan). KT ronosbl — B neBoii 106HOM 0611acTy BbISIBNEH MMNOAEHCHBIN paHeBOl KaHan ¢ Ha-
JIHMEM MHOPOAHBIX TEN KOCTHOW NMAOTHOCTH, PaHEBOI KaHan MAeT BBEPX B NpaByto N106Hy0 061acTb Mo3ra ¢ HanuymMeM MHOPOLHOTO Tena

MeTaIM4YecKoil NI0THOCTU

nervous system (CNS) insult. Unlike unprovoked seizures

(in epilepsy), ASSs are characterized by two components:

+ The underlying acute causal condition that occurs shortly
before a seizure must always be identified;

+ Seizures typically do not reoccur after eliminating the
triggering factor or condition and restoring the functional
integrity of the CNS.

The Commission proposed stopping using the terms
“reactive seizure,” “provoked seizure,” “induced seizure,”
and “situation-related seizure,” which are synonyms
for acute symptomatic seizures. The definition of ASS
includes seizures after an acute structural brain injury
(stroke, head injury, CNS infection, etc.), seizures associ-
ated with discontinuation (missed dose) of an antiepilep-
tic drug (AED), toxic seizures (due to alcohol abuse and
withdrawal), and metabolic seizures (due to hyponatre-
mia, hypocalcemia, hyperglycemia, hypoglycemia, etc.).
Seizures occurring within 7 days following a TBI were
proposed to be classified as ASSs; these seizures were

00l hitps://doi.org/ 1017816/ rmmaré636870

also defined as “early seizures.” “Late seizures” occur-
ring beyond 7 days following a TBI were recommended
to be classified as unprovoked seizures and to make
a diagnosis of PTE in case of their recurrence.

This classification is based on epidemiology studies
conducted in the middle of the 20th century. According
to these studies, 90% of seizures within a month after
a head injury occur within the first week, and 80% of all
early seizures occur within the first day. Thus, immediate
(the most acute) seizures are distinguished, that occur
within the first day and are classified as early seizures
[3]. The proposed 7-day interval is justified by the ex-
perts of the International League Against Epilepsy based
on the difference in the risk of recurrence and mortality
rates between ASSs and unprovoked seizures, accord-
ing to Hesdorffer et al. [13]. The authors demonstrated
that 13% of patients develop an unprovoked seizure
(US) after an ASS, and 46% of patients have a second
US after the first one. The mortality rate within the first
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month following a TBI in ASS patients is 9 times high-
er than in patients without ASSs. However, Hesdorffer
et al. did not categorize patients based on the severity
of injury.

Thus, the definition of ASS was theoretically based
on the assumption that the risk of a subsequent unpro-
voked seizure should be relatively low. But is this 7-day
interval relevant, say, for patients with severe TBIs?
s this short interval actually justified in terms of patho-
genesis? “Early seizures” (ASSs) are believed to be direct
consequences of a head injury, while pathophysiologi-
cal mechanisms of “late seizures” (USs) are associated
with changes in brain structures, which may result from
chronic neuronal and synaptic damage, as well as ab-
errant sprouting and remodeling. These complex post-
traumatic epileptic system formation processes require
a considerable amount of time, which obviously exceeds
7 days. What is the pathogenetic difference between days
7 and 8 in a patient with a severe penetrating TBI, diamet-
rical or through-and-through wound of the brain, mul-
tiple intracranial hemorrhages, and propagation sites?
As previously stated, according to the definition, ASSs
typically do not reoccur after eliminating the triggering
factor (condition) and restoring the functional integrity
of the CNS. This is true for toxic seizures, metabolic
seizures, seizures associated with treatment discontinu-
ation, etc. Seizures disappear when a patient resumes
therapy or abstains from alcohol, or when sodium lev-
els return to normal. However, “restoring the functional
integrity of the CNS” in 7 days after acute structural
damage is unlikely. These theoretical recommendations
cannot be followed in full in real-world clinical practice,
preventing unambiguous interpretation of guidelines,
manuals, and monographs, including the prescription
of AEDs.

We believe that classification developed by Rus-
sian neurologists, our teachers, should be followed.
These classifications distinguish provoked seizures as
situation-related seizures in patients without an acute
structural brain injury (seizures associated with AED
discontinuation, high body temperature, alcohol abuse,
metabolic disorders, sleep deprivation, etc.) and acute
symptomatic seizures due to an actual cerebral pathology
(seizures associated with an acute period of brain injuries
and diseases) [8, 14].

Regarding the course of TBIs, the acute period lasts
for 2 to 10 weeks (depending on the clinical type), the
intermediate period for 2 to 6 months, and the long-term
period in clinical recovery for up to 2 years (in progres-
sive TBIs, the duration is indefinite) [9, 14].

The term “acute period” reflects the entirety of dam-
age and defense reactions in response to an injury.
It lasts from the moment of brain injury with a sudden
impairment of integrative and local functions to the sta-
bilization of impaired cerebral, vegetative, and somatic
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functions or fatal outcome. Thus, with respect to severe
head injuries, ASSs should be defined as seizures that
occur within 10 weeks, while subsequent seizures should
be classified as unprovoked and diagnosed as PTE.
It is essential for further improvements in the manage-
ment of such patients.

Noteworthy are the guidelines “Epilepsy and Status
Epilepticus in Adults and Children” of the Ministry of
Health of Russia. According to the Terms and Definitions
section, the definition of the incident (situation-related)
seizure includes the term “acute symptomatic seizure,”
which is a seizure that only occurs during the acute stage
of organic brain syndrome (stroke, TBI, etc.) [15].

Thus, interpreting the terms proposed by the Inter-
national League Against Epilepsy in real-world clinical
practice is challenging. In the study presented below, we
used a 10-week interval as a threshold for the onset of
unprovoked seizures in a severe TBI.

The prevention of seizures following a severe TBI
remains a challenging and contentious issue. Seizures
are intracranial consequences of secondary brain dam-
age following an injury, similar to cerebral edema, intra-
cranial hypertension/hypotension, vascular spasm, isch-
emia, and blood contact with nervous tissue. At the same
time, AED therapy has well-documented side effects that
can be difficult to identify in patients with severe TBlIs.
It is currently widely recognized in the medical commu-
nity that preventive AED therapy in severe TBls decreas-
es the incidence of early seizures, but has no effect on
epileptogenesis and late seizures. Thus, AEDs should be
prescribed to all patients within the first 7 days following
a severe injury with no seizures. Further drug therapy is
not deemed justified.

The following is a brief review of the historical con-
text that supports the recommendation for preventive
AED therapy. It is based on a randomized, double-blind
study of phenytoin for the prevention of post-traumatic
seizures following a severe TBI (n = 404) [16]. The ran-
domized design provided for the use of phenytoin in
the treatment group for one year. The treatment group
(n = 208) showed a lower incidence of seizures in the first
7 days compared to the placebo group (3.6% vs. 14.2%;
p < 0.001). After one year of phenytoin therapy, the au-
thors concluded that there were no significant differences
in the incidence of seizures between the treatment group
and the placebo group (21.5% vs. 15.7%; p < 0.2). More-
over, there was an increase in the incidence of seizures
in the treatment group. This tendency persisted one year
after discontinuing phenytoin: the incidence of seizures in
the treatment and placebo groups was 27.5% and 21.1%,
respectively (p < 0.2).

Nine years later, the same authors assessed the ef-
fect of phenytoin, valproic acid, and placebo in the pre-
vention of seizures and PTE [17]. The findings did not
indicate the superiority of drug therapy. There were no
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significant differences between phenytoin and valproic

acid after 1 week, 1 month, and 6 months compared to

placebo. Valproic acid was not superior to phenytoin after

1 week. Moreover, the authors reported a slight increase

in mortality in the valproic acid group.

In 2013, Inaba et al. performed a multicenter com-
parative study of levetiracetam and phenytoin for the pre-
vention of post-traumatic seizures [18]. Levetiracetam
was found to be not superior to phenytoin in the preven-
tion of early seizures, with comparable incidence of side
effects and mortality rate.

Given the extensive international expertise on the
subject, a meta-analysis was performed in 2015, which
is included in the Cochrane database [19]. The authors
made the following conclusions:

+ There is low-quality evidence that preventive AED therapy
reduces the risk of post-traumatic seizures compared to
placebo;

+ There is no evidence that preventive AED therapy reduces
the risk of late seizures or the mortality rate following
an injury;

+ There is insufficient data to compare the efficacy of
phenytoin and other AEDs in reducing the risk of post-
traumatic seizures.

Moreover, a work arguing against preventive AED
therapy was published, according to which the risks of
parenteral phenytoin administration in the first 7 days
outweighed the benefits [20]. The authors stated that
preventive phenytoin therapy does not decrease the inci-
dence of early post-traumatic seizures following a severe
TBI. Moreover, the use of AEDs leads to worse functional
outcomes according to the Glasgow Outcome Scale and
the modified Rankin Scale, as well as a longer hospital
stay.

Regarding applicable Russian guidelines for the pre-
vention and treatment of post-traumatic seizures, clini-
cians should follow the National Neurology Guidelines [1]
and the guidelines “Focal Brain Injury” of the Ministry of
Health of Russia [9] in their routine practice.

The National Neurology Guidelines address the sub-
ject twice. The first reference is in the Preventive Anti-
convulsant Therapy section, subchapter “Diagnosis and
Treatment of Severe TBIs.” According to this reference,
antiepileptic drugs (phenytoin, carbamazepine) are rec-
ommended during the acute TBI period in patients at high
risk of early seizures: depressed skull fracture, intra-
cranial hemorrhages, cortical contusions, penetrating
TBIs, or seizures within the first 24 hours after an injury.
Level | evidence indicates that preventive therapy with
phenytoin, carbamazepine, phenobarbital, and valproate
in ineffective in the prevention of late post-traumatic epi-
lepsy (more than 7 days). The second reference is in the
Prevention of Epilepsy section, subchapter “Diagnosis,
Treatment, and Prognosis of Penetrating TBIs.” Accor-
ding to this reference, antiepileptic drugs (phenytoin,
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phenobarbital, carbamazepine, valproate) are recom-
mended during the first week after in injury for the pre-
vention of early epilepsy; subsequent preventive therapy
with antiepileptic drugs is not recommended, because
their efficacy has not been confirmed. Despite the new
terms “early epilepsy” (seizures occurring within 7 days
after an injury) and “late epilepsy” (seizures occurring
beyond 7 days after an injury), the main recommendation
is to prescribe antiepileptic drugs only during the first

7 days.

The guidelines “Focal Brain Injury” of the Ministry of
Health of Russia, developed by the Russian Association
of Neurosurgeons, propose the following:

« The prevention of early seizures is possible in patients at
high risk: GCS score <10, depressed skull fractures, in-
tracranial hemorrhages, cortical contusions, penetrating
TBIs, or seizures within the first 24 hours after an injury;

+ Preventive therapy with antiepileptic drugs can be used
on a regular basis after the first week only if justified by
other clinical parameters (penetrating injury, major intra-
parenchymal hemorrhage, etc.);

« The prevention of early seizures has no effect on long-
term outcomes, late seizures, or the onset of epilep-
sy [91.

Considering the foregoing, neurologists and neuro-
surgeons can make decisions on the use of preventive
AED therapy and its duration in severe TBIs on a case-
by-case basis.

To conclude the theoretical introduction to this article,
we would like to emphasize the existing uncertainties in
this area and the challenges that clinicians face when
making treatment decisions, such as when to diagnose
PTE, whether to prescribe AEDs and for what types of
injuries, which AED is better, and which dose and dura-
tion of therapy to use. How do we sort through all the
advantages and disadvantages? Will preventive AED ther-
apy help to avoid a seizure with significant secondary
brain damage following a severe injury, or will it merely
cause side effects, worsen a traumatic brain injury, and
affect blood, liver, and kidney functions and blood pa-
rameters? Long-term use of a costly drug therapy with-
out an obvious necessity is a significant economic issue.
Despite rapidly accumulating experience, the medi-
cal community is still looking for the correct answers.
We cannot dismiss the findings of double-blind, random-
ized clinical studies. However, due to the diversity of
brain injuries, unknown epilepsy predisposition rate in
this cohort, and differences in therapeutic and diagnostic
capabilities around the world, real-world clinical prac-
tice varies between departments, hospitals, and schools
of thought.

This article presents a prospective analysis of 224 pa-
tients with severe and moderate battle TBIs (116 patients
with penetrating gunshot head injuries and 108 patients
with non-penetrating injuries) who were examined and
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treated in the Clinic of Nervous Diseases of the Military
Medical Academy. According to the literature, this cohort
is at the highest risk of post-traumatic seizures. Accor-
ding to the epidemiological data presented by Frey (2003)
in a review article covering the World War I, World War I,
Korean War, and Vietnam War, the incidence of PTE in
penetrating TBIs could reach 42%-53% [3]. Notably, this
value remained unchanged (and even increased) despite
the clear differences in treatment capacities between the
early and late 20th century. The most detailed description
of PTE following a battle injury comes from the follow-up
of Vietnam veterans 5, 15, and 35 years after a TBI [21].
The majority of patients had a penetrating head injury.
After 5 years of follow-up, the authors reported the results
for 1,221 patients. Within 5 years, 27.9% of patients de-
veloped PTE. After 15 years, the incidence of PTE account-
ed for 53% (based on an examination of 421 veterans).
In 18% of patients, seizures were first reported 10 years
after an injury; only 66% of PTE patients received AEDs.
After 35 years, the study group included as few as 199
patients. The incidence of PTE in this cohort was 47%. In
12.6% of patients, seizures were first reported 15 years
after an injury. Notably, in the early 21 century, 96% of
veterans received phenobarbital or phenytoin, while only
4% received valproate or carbamazepine.

In our study, all 224 patients received specialized neu-
rosurgical treatment within one day after a severe TBI.
The patients were or were not prescribed preventive AED
therapy based on the subsequent evacuation destination
and treatment modalities in the absence of seizures.

The study cohort was divided into two groups to as-
sess different treatment modalities:

« Group 1 (n=122; 54.5% patients): without preventive

AED therapy;

« Group 2 (n=102; 45.5% patients): with preventive

AED therapy.

In Group 2, AED therapy was prescribed after
2-10 days in a specialized hospital and discontinued after
14-90 days, based on a neurologist’s decision following
the transfer from the surgical hospital. EEG, brain CT, and
brain MRI (in the absence of metal fragments in the body)
were performed in all patients. The duration of follow-up
was 12-18 months.

The first and most unexpected finding was the ab-
sence of acute symptomatic seizures in both groups dur-
ing the 10-week follow-up period after an injury.

A retrospective analysis of clinical and imaging find-
ings and surgical outcomes in 1,770 patients who un-
derwent surgery for a severe TBI in the Sklifosovsky In-
stitute for Emergency Medicine revealed that 140 (7.9%)
patients had seizures during the acute TBI period, with
immediate, early, and late seizures in 81.4%, 15.7%, and
2.9% of cases, respectively [22].

Why were there no cases of acute symptomatic sei-
zures in our study? Why don't seizures develop after
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high-energy penetrating head injuries with ischemic and
hemorrhagic brain tissue damage, impaired CSF circula-
tion, extensive propagation sites, depressed fractures,
and bone and metal fragments?

We propose the following factors that may influence
the absence of acute symptomatic seizures.

First, high-energy penetrating battle TBIs are associ-
ated with brain matter damage that significantly exceeds
structural damages detectable by structural brain imag-
ing. These TBIs may involve a pathological neuron inhi-
bition mechanism (similar to spinal shock), preventing
pathological excessive activity of large groups of neurons
that causes seizures.

Second, specialized anesthetic and neurosurgical
care was provided soon after an injury. This involves the
early use of parenteral anesthetics due to the severity
of TBIs, a high incidence of severe concomitant injuries
requiring intubation and/or primary surgical debride-
ment with anesthesia, and the transfer of anesthetized
patients to central specialized healthcare facilities of
the Ministry of Defense of Russia. Despite the severity
of TBIs, approximately 2% of patients with penetrating
head injuries were conscious when they were admit-
ted to specialized care facilities. Only half of the 80%
of patients with various impairments of conscious-
ness were in coma. We can compare the fast delivery
of patients to data from the Neurosurgery Service of
the Donetsk People’s Republic. During the armed con-
flict in the Donbas (2014-2015), in a non-evacuated city
(Donetsk), the Neurosurgery Service provided medi-
cal care to 3,679 patients with head injuries (penetrat-
ing gunshot TBIs in 45.3%). Of these, 96.2% of patients
were admitted to healthcare facilities during the first day
(40.4% within the first three hours) [23]. Thus, during this
short period of time, all patients undergo primary surgi-
cal debridement according to the standard requirements
of military surgery, with general anesthesia. As a result,
many patients with severe TBIs receive anesthetics, which
may reduce epileptic activity of neurons and prevent early
seizures.

Third, the patients used tube syringes with nefopam
solution as an anesthetic, as a self-aid or mutual aid
method. According to the prescribing information, ne-
fopam is contraindicated in patients with epilepsy and
can cause seizures. However, several studies demon-
strate that nefopam can prevent experimental seizures
in animals [24, 25]. Early administration of this drug
(soon after an injury) using a tube syringe may interrupt
the development of ASSs. Nefopam is more commonly
used in combat environments because it is not a nar-
cotic medication, which cannot be used as anesthetics
in isolated head injuries due to the risk of respiratory
depression.

In our study, PTE was observed in 21 of 224 (9.4%)
patients.
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In Group 1, 8 of 122 (6.6%) patients were diagnosed
with PTE. The first unprovoked seizure was reported
103-145 days after an injury. EA on EEG was detected in
11 of 122 (9.0%) patients; of these, 7 patients had PTE,
and 4 patients had no seizures.

In Group 2, 13 of 102 (12.7%) patients were diagnosed
with PTE. The first unprovoked seizure was reported 75—
50 days after an injury and 40-45 days after AED discon-
tinuation. EA on EEG was detected in 13 of 102 (12.7%)
patients; all of these patients had PTE.

EEG, EEG monitoring, or video EEG monitoring was
performed in all patients. EA was detected in 24 of 224
(10.7%) patients; of these, 20 (83%) patients developed
PTE.

Importantly, all patients receiving preventive AED
therapy require an EEG prior to AED discontinuation. If
epileptiform activity is detected, AED therapy must be
continued during the acute and intermediate TBI periods;
the duration of therapy in patients with severe TBIs is
6 months [9, 14]. Epileptiform activity on EEG in patients
without seizures who are not receiving AEDs does not re-
quire the initiation of preventive AED therapy. However, it
necessitates more stringent requirements to compliance,
total abstinence, and drug therapy adjustments.

Ten of 21 PTE patients in the study cohort had metal
fragments in the brain that could not be removed; in
4 of 21 patients, metal fragments were removed during
primary or secondary surgical debridement of the head
injury.

Notably, 24 patients with non-removable metal frag-
ments and 16 patients with bone fragments in the brain
had no seizures. Moreover, these patients had no epilep-
tiform activity on EEG and did not receive AEDs (Figures
7-10). This emphasizes that a genetic predisposition to
epileptic system formation following an injury, with sei-
zures caused by insufficiency of the innate antiepileptic
system, plays a significant role in the development of
PTE.

Unlike bone fragments, the presence of bone frag-
ments is a significant risk factor for PTE. It was reported
in 10 of 34 (29.4%) patients with a non-removable metal
fragment in the brain.

Three of 21 PTE patients experienced their first sei-
zure (classified as ASSs) the day following elective cra-
nioplasty with a customized plate. All of these patients
subsequently had a US. Thus, the onset of seizures im-
mediately after cranioplasty in patients with penetrating
head injuries can be considered a predictor of PET, ne-
cessitating the prescription of AEDs.

It is a common belief that epilepsy treatment should
not be initiated until the diagnosis is made. Can a patient
be diagnosed with epilepsy and begin treatment after
a single unprovoked seizure?

Epilepsy, as defined by H. Gastaut (1975) and rec-
ognized by the World Health Organization, is a chronic

Vol.43 (&) 2024

00l hitps://doi.org/ 1017816/ rmmaré636870

Russian Military Medical
Academy Reports

brain disorder characterized by recurrent seizures due
to excessive discharge of cerebral neurons, associ-
ated with a variety of clinical and laboratory manifes-
tations. Taking into account the current experience, the
International League Against Epilepsy proposed a new
conceptual definition in 2005, which is also permit-
ted for use in clinical practice: epilepsy is a disorder
of the brain characterized by an enduring predisposi-
tion to generate epileptic seizures and by the neurobio-
logic, cognitive, psychological, and social consequences
of this condition [26]. The diagnosis of epilepsy can
be made if the condition meets one of the following
criteria [27]:
At least two unprovoked (or reflex) seizures with an in-
terval of more than 24 hours;
+  One unprovoked (or reflex) seizure and the risk of sub-
sequent seizures similar to the overall risk of recurrence

(at least 60%) after two unprovoked seizures observed

within the next 10 years;

«  Sufficient information to confirm a specific epileptic syn-
drome.

A large epidemiology study found that the risk of
recurrent unprovoked seizure following an injury is as
low as 46.3% [10]. This value (46.3%) is well below 60%;
thus, it is not recommended to make the diagnosis of
epilepsy and prescribe AEDs after the first unprovoked
seizure. However, according to the authors, this is the
overall value after all injuries, regardless of their seve-
rity.

In the Clinic of Nervous Diseases of the Military Me-
dical Academy, a diagnosis (e.g., single bilateral tonic-
clonic seizure with focal onset) is made and AEDs are
prescribed after the first unprovoked seizure (occurring
after more than 4-10 weeks, depending on the severity
of the traumatic brain injury). An AED is prescribed as
monotherapy at a minimal therapeutic dose, with gradual
titration (e.g., valproate 900-1,000 mg/day, levetirace-
tam 1,000 mg/day).

Despite the prescription of AEDs, recurrent seizures
were observed in all patients, which allowed clarifying
the diagnosis (post-traumatic epilepsy) and adjusting the
AED dose to the maximum effective dose. In the event
of side effects, alternative monotherapy or appropriate
polytherapy was initiated, depending on the efficacy of
the initial drug, provided that it was well tolerated.

According to our findings, the incidence of the second
and subsequent unprovoked seizures after moderate and
severe gunshot TBIs was 100%. Thus, the diagnosis of
PTE can be made even after the first unprovoked seizure.

Based on our experience, we provide recommenda-
tions for the prescription/discontinuation and duration of
AED therapy in patients with moderate and severe gun-
shot TBIs (see Table).

In the absence of seizures, preventive AED therapy is
not prescribed.
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Fig. 7. Patient D. Head CT — condition after resection-decompression trepanation of the parietal bone on the right; a massive area of
cystic-atrophic changes is noted in the right occipital, both parietal lobes and the frontal lobe on the left with approximate dimensions
of 105 x 20 mm; in the cortical sections of the left frontal lobe, a foreign body of metallic density with dimensions of 9 x 8 mm is noted
Puc. 7. Maument . KT ronosbl — cocTosiH1e nocne pe3eKLUMoHHO-LeKOMNPECCUOHHOI TpenaHaLum TEMeHHO KOCTU CrpaBa; 0TMeYaeTcst
MAaCCMBHbIN Y4acTOK KUCTO3HO-aTPOMUYECKUX U3MEHEHWIE B NPaBO 3aTblNIOYHOM, B 06eMx TeMeHHbIX [0ASX U NI0BHOW [onm cneBa npu-

onmsuTenbHbIMKM pasMepamm 105 x 20 MM; B KOPTUKabHBIX 0TAENaX JIeBOW NOBHOM 07U 0TMEYaeTCsl MHOPOAHOE TeSI0 MeTasIMYecKon
MOTHOCTW pa3Mepamm 9 x 8 MM
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Fig. 8. Patient D. EEG — slowing of the basic rhythm, without signs of focal and paroxysmal activity at rest and during functional
tests

Puc. 8. Maument [l. 33I — 3aMepneHMe 0CHOBHOTO puTMa 6e3 NpM3HaKOB 04aroBOM W MApPOKCU3MalbHOW aKTUBHOCTM B MOKOE U Npu
(yHKUMOHanbHbIX Npobax

Fig. 9. Patient F. Head CT — in the right hemisphere of the cerebellum, a hypodense wound channel was revealed with the presence of
foreign bodies of bone density, single and grouped, with a total size of up to 4 x 6 mm; taking into account the ricochet wound, the wound
channel goes upward through the cerebellum and the right cerebral peduncle with the presence of a foreign body of metallic density
measuring 8 x 9 mm, located cranial to the enveloping cistern, to the right of the pineal gland

Puc. 9. Maument @. KT ronoBbl — B NpaBoM MoJyLUapui MO3MeYKa BbISBNIEH TUMOAEHCHbIA PaHeBOW KaHaj C HaMYMeM MHOPOAHbIX
Tes KOCTHOM MAOTHOCTH, eAMHUYHBIX W TPYNNMPOBaHHbIX, 06LLMMM pa3MepaMu [0 4 x 6 MM; C Y4eTOM PUKOLLETUPYIOLLEr0 paHeHus, pa-
HEBOW KaHan WAEeT BBEPX Yepe3 MO3MKEYOK W MPaBylo HOXKY MO3ra C HalMuMeM MHOPOJHOrO Tenla MeTanIMYecKoii NNOTHOCTM pa3Mepamy
8 x 9 MM, pacnonoXeHHOro KpaHUasbHee 0XBaTbIBAOLLEN LMCTEPHDI, CMPaBa OT LUMLLKOBUAHOI Xenesbl
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Fig. 10. Patient F. EEG — within the normal range, without signs of epileptiform activity at rest and during functional tests
Puc. 10. Maument ®. 33 — B npefenax BapuaHTa HOpMbl, 6€3 NPU3HaKOB 3NMNENTUOPMHON aKTUBHOCTU B MOKOE U NpU yHKLMO-
HanbHbIX Npobax

Table. Recommendations for prescribing/withdrawing and duration of AED administration in patients with moderate to severe

gunshot TBI
Tabnuua. PekoMeHpaUmm no HasHaueHWio/oTMeHe U AnuTenbHocTY npueMa A3l y naumeHToB ¢ orHecTpenbHoi UMT cpesiHeit u Tsxenon
CTENEHU TECTM
EEG (sleep EEG monitoring, if possible)
Seizure Acute TBI period 10 weeks to 6 months 6—12 months 12-24 months
Without EA | With EA | Without EA | With EA | Without EA | With EA | Without EA | With EA
No - - - - - - - -
No (however, _ ) . _ N _ () _ _
AEDs were prescribed)
ASS + + +(*) + - + - +(*)
PTE (single US) ** ** + + + + + +

Note. —: AEDs are not prescribed or discontinued; +: AEDs are prescribed or continued; +(*): in the presence of metal fragments in the
brain, AEDs are prescribed or continued; in the absence of metal fragments in the brain, AEDs are discontinued; **: during the acute TBI
period, seizures are classified as ASSs, rather than as US or PTE.

[pumeyaHue. «—» — He HasHa4vaeM/oTMeHsieM AJIT; «+» — HasHauaem/npofomkaem A3M; «+(*)» — ecnm ecTb BHYTPUMO3roBoN MeTas-
JIMYECKMIA OCKOJIOK — Ha3Ha4aeM/NPOA0IKAEM, ECIIN HET BHYTPMMO3roBOr0 MeTa/IIMYecKoro 0cKosika — oTMeHsieM A3J[T; ** — B ocTpoM

nepuone YMT anunentuyeckne npuctynbl pacuienmBatotca Kak 0C3M, a e H3M wawm MT3.

When preventive AED therapy is prescribed during
previous stages in the absence of seizures, the duration
of therapy is as follows:

+ No epileptiform activity on EEG: gradual discontinuation
of AED therapy;

+ Epileptiform activity on EEG: during the acute and inter-
mediate TBI periods (6 months in severe TBIs);

+ Metal fragments in the brain: during the acute TBI pe-
riod in the absence of epileptiform activity on EEG; up to

12 months in the presence of epileptiform activity on EEG,

with gradual discontinuation.

In the event of ASSs (first 10 weeks after an injury),
AEDs must be prescribed; the duration of therapy is as
follows:

+  During the acute TBI period (irrespective of EEG findings);

» Epileptiform activity on EEG: up to 12 months;

+ Metal fragments in the brain: up to 6 months in the ab-
sence of epileptiform activity on EEG; up to 2 years in the
presence of epileptiform activity on EEG.
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In the event of a single unprovoked seizure or PTE,
AEDs must be prescribed. The treatment is performed
in accordance with the Russian guidelines “Epilepsy and
Status Epilepticus in Adults and Children” [15].

The primary treatment goal in epilepsy patients is to
stop seizures while minimizing the side effects of pre-
scribed AEDs.

Modern AEDs have a broad spectrum of side effects,
with an incidence of up to 37% [28]. Moreover, when pre-
ventive AED therapy is prescribed, it is difficult to deter-
mine the required effective dose and ensure sufficient
control of potential covert side effects of the therapy.
It is often difficult to detect side effects in severe pa-
tients due to CNS damage and severe concomitant in-
juries to other organs and systems, as well as the need
to administer multiple drugs from other classes. Dose
reduction or switching to another AED improves the pa-
tient’s condition, including cognitive function, in some
cases.
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