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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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Эпилептические приступы после 
огнестрельной черепно-мозговой травмы. 
Роль и место противоэпилептической терапии
С.Н. Базилевич, И.В. Литвиненко, М.М. Одинак, Н.В. Цыган
Военно-медицинская академия, Санкт-Петербург, Россия

АННОТАЦИЯ
Актуальность. С учетом возросшего количества вооруженных конфликтов закономерно увеличивается число боевой 
травмы головы и ее последствий, с которыми сталкиваются не только военные врачи, но и гражданское здравоохра-
нение. 
Цель: обратить внимание практикующих неврологов и нейрохирургов на современные принципы диагностики и ле-
чения посттравматических эпилептических приступов после высокоэнергетической боевой травмы головы различной 
степени тяжести. 
Материалы и методы. В статье обсуждаются вопросы клинического применения ряда теоретических понятий, опре-
делений и рекомендаций, используемых по отношению к эпилептическим приступам после травмы и посттравмати-
ческой эпилепсии. Представлен проспективный анализ 224 пациентов с боевой тяжелой черепно-мозговой травмой. 
Для оценки разных подходов к профилактической терапии эпилептических приступов вся когорта исследуемых паци-
ентов была разделена на две группы: первая группа (n = 122, 54,5 % пациентов) — без профилактического примене-
ния антиэпилептических препаратов; вторая группа (n = 102, 45,5 % пациентов) — с профилактическим применением 
антиэпилептических препаратов. Всем пациентам выполняли электроэнцефалографию, компьютерную томографию 
головного мозга, при отсутствии осколков в теле магнитно-резонансную томографию  головного мозга. Катамнез 
составил 12–18 мес. Отдельно проанализированы данные 79 пациентов с сотрясением головного мозга в структуре 
минно-взрывной травмы.
Результаты. Проведен анализ частоты ранних и поздних острых посттравматических приступов, обсуждаются различ-
ные подходы к их лечению в зависимости от клинической картины и диагностических находок. Затрагивается истори-
ческий аспект сравнения частоты возникновения посттравматической эпилепсии в крупных войнах ХХ в. и нынешних 
вооруженных конфликтах с учетом изменившихся подходов — доступности специализированной медицинской по-
мощи, возможностями современных методов обследования и терапии. 
Заключение. Полученные в работе результаты дают основания пересмотреть стратегию профилактического на-
значения антиэпилептических препаратов пациентам с тяжелой травмой головы в современных условиях оказания 
специализированной помощи.
Ключевые слова: антиэпилептический препарат; военная травма; огнестрельная травма мозга; острые симптома-
тические эпилептические приступы; посттравматическая эпилепсия; посттравматические приступы; проникающее 
ранение головы; профилактика эпилепсии; профилактика эпилептических приступов; черепно-мозговая травма.
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火器性颅脑损伤后癫痫发作：抗癫痫治疗的作用和

地位
Sergey N. Bazilevich, Igor V. Litvinenko, Miroslav M. Odinak, Nikolay V. Tsygan
Military Medical Academy, Saint Petersburg, Russia

摘要

背景。随着武装冲突的增加，战斗性头部创伤及其后果的发生率也在上升，这不仅是军事医生所面临

的问题，也涉及民用医疗系统。

研究目的。引起临床神经科医生和神经外科医生对不同程度高能战斗性头部创伤后创伤性癫痫发作的

现代诊断和治疗原则的关注。

材料和方法。本文讨论了与创伤性癫痫发作和创伤后癫痫相关的一些理论概念、定义和建议的临床应

用。文章对224例重度战斗性颅脑创伤患者进行了前瞻性分析。为评估不同癫痫发作预防治疗方法，将

所有患者分为两组：第一组（n = 122，占54.5%）未进行预防性抗癫痫药物治疗；第二组（n = 102，占

45.5%）接受了预防性抗癫痫药物治疗。所有患者均进行了脑电图和头部CT检查，在无异物的情况下还

进行了头部MRI检查。随访期为12~18个月。还单独分析了79例因爆炸伤导致脑震荡患者的数据。

结果。分析了早期和晚期急性创伤后癫痫发作的频率，并讨论了基于临床表现和诊断发现的不同治疗

方法。通过对比二十世纪的大型战争和当前武装冲突中的创伤后癫痫发生率，考虑了专科医疗的可及

性以及现代检查和治疗方法的进展。

结论。研究结果为在现代专科医疗条件下重度头部创伤患者的抗癫痫药物预防策略的重新审视提供了

依据。

关键词：抗癫痫药物；战斗性损伤；火器性脑损伤；急性症状性癫痫发作；创伤后癫痫；创伤后发作； 

贯通性头部伤；癫痫预防；癫痫发作预防；颅脑损伤。
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No battle can be won in the study, and theory without practice is dead.
Alexander Suvorov

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 µV, 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 µV, 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 

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 
20th 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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Fig. 1. Patient L. MRI of the brain — on coronal (а) and axial sections (б) (FLAIR mode) the area of contusion in the subcortical-cortical 
area of the left parietal lobe measuring up to 14 × 6 × 9 mm. Before the MRI, 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 3rd day after the injury, no structural disorders were detected
Рис. 1. Пациент Л. МРТ головного мозга — на корональном (а) и аксиальном срезах (б) (режим FLAIR) картина участка контузи-
онных изменений в субкортикально-кортикальных отделах левой теменной доли размерами до 14 × 6 × 9 мм. До проведения МРТ 
пациент в течение 6 дней проходил лечение с диагнозом ЗЧМТ, СГМ. По данным КТ головы на 3-й день после травмы структурных 
нарушений выявлено не было

Fig. 2. Patient L. EEG without signs of focal and paroxysmal activity at rest and during functional tests
Рис. 2. Пациент Л. ЭЭГ без признаков очаговой и парокси змальной активности в покое и при функциональных пробах

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
Рис. 3. Пациент А. ЭЭГ в условиях покоя в теменно-затылочных отведениях регистрируется регулярный, хорошо модулированный, 
экзальтированный, гиперсинхронный, доминирующий альфа-ритм с частотой 10 колебаний в с, амплитудой 140 мкВ, симметричен, 
искажен билатерально-синхронными вспышками «острых» волн амплитудой 210 мкВ, длительностью 1 с. Зональные различия 
нарушены, альфа-ритм периодически имеет пароксизмальный характер

а б
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Fig. 4. Patient V. EEG — at the junctions of the 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
Рис. 4. Пациент В. ЭЭГ — на стыках веретен альфа-ритма низкочастотный бета-ритм, амплитудой 13 мкВ, комплексы «острая-
медленная» волна амплитудой 101 мкВ, частотой 3 колеб./с, преобладающие в височно-теменно-затылочной области (слева 
больше, чем справа), периодически имеющие наклонность к синхронизации

Fig. 5. Patient S. CT — trepanation defect in the frontal-temporal-parietal region on the right, measuring 9.2 × 13.7 cm (defect area 153 cm2). 
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) 
Рис. 5. Пациент С. КТ — трепанационный дефект в лобно-височно-теменной области справа размерами 9,2 × 13,7 см (площадь 
дефекта 153 см2). Определяется зона кистозно-атрофических изменений правой гемисферы. Срединные структуры смещены влево 
до 0,4 см. Боковые желудочки расширены, симметричны. В области тела левого бокового желудочка имеется проксимальный край 
вентрикулярного шунта (в анамнезе минно-взрывная травма)

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 

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
Рис. 6. Пациент Г. Без активных жалоб, соответствующих травме мозга, в ясном сознании, без неврологической симптоматики. 
При осмотре в левой височной области визуализируются входные отверстия проникающего слепого черепно-мозгового ранения 
(в момент получения травмы сознание не терял). КТ головы — в левой лобной области выявлен гиподенсный раневой канал с на-
личием инородных тел костной плотности, раневой канал идет вверх в правую лобную область мозга с наличием инородного тела 
металлической плотности

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 

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? 
Is 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 

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 TBIs. 
It is currently widely recognized in the medical commu-
nity that preventive AED therapy in severe TBIs 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 I 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, 

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 [9].
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 II, 
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 21st 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 

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 

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 × 20 mm; in the cortical sections of the left frontal lobe, a foreign body of metallic density with dimensions of 9 × 8 mm is noted
Рис. 7. Пациент Д. КТ головы — состояние после резекционно-декомпрессионной трепанации теменной кости справа; отмечается 
массивный участок кистозно-атрофических изменений в правой затылочной, в обеих теменных долях и лобной доли слева при-
близительными размерами 105 × 20 мм; в кортикальных отделах левой лобной доли отмечается инородное тело металлической 
плотности размерами 9 × 8 мм

Fig. 8. Patient D. EEG — slowing of the basic rhythm, without signs of focal and paroxysmal activity at rest and during functional 
tests
Рис. 8. Пациент Д. ЭЭГ — замедление основного ритма без признаков очаговой и пароксизмальной активности в покое и при 
функциональных пробах

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 × 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 × 9 mm, located cranial to the enveloping cistern, to the right of the pineal gland
Рис. 9. Пациент Ф. КТ головы — в правом полушарии мозжечка выявлен гиподенсный раневой канал с наличием инородных 
тел костной плотности, единичных и группированных, общими размерами до 4 × 6 мм; с учетом рикошетирующего ранения, ра-
невой канал идет вверх через мозжечок и правую ножку мозга с наличием инородного тела металлической плотности размерами 
8 × 9 мм, расположенного краниальнее охватывающей цистерны, справа от шишковидной железы
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Fig. 10. Patient F. EEG — within the normal range, without signs of epileptiform activity at rest and during functional tests
Рис. 10. Пациент Ф. ЭЭГ — в пределах варианта нормы, без признаков эпилептиформной активности в покое и при функцио-
нальных пробах

Table. Recommendations for prescribing/withdrawing and duration of AED administration in patients with moderate to severe 
gunshot TBI
Таблица. Рекомендации по назначению/отмене и длительности приема АЭП у пациентов с огнестрельной ЧМТ средней и тяжелой 
степени тяжести

Seizure

EEG (sleep EEG monitoring, if possible)

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, 
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.
Примечание. «–» — не назначаем/отменяем АЭП; «+» — назначаем/продолжаем АЭП; «+(*)» — если есть внутримозговой метал-
лический осколок — назначаем/продолжаем, если нет внутримозгового металлического осколка — отменяем АЭП; ** — в остром 
периоде ЧМТ эпилептические приступы расцениваются как ОСЭП, а не НЭП или ПТЭ.

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.

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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