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Introduction. Localization of an epileptic focus (EF) in patients with pharmacoresistant focal epilepsy can be a challenging task, and the detection of multiple 

EFs limits the possibilities of surgical treatment. A more accurate description of the structure and metabolism of EFs may provide additional information for 

managing such patients.

Clinical case description. A 35-year-old patient suffered from pharmacoresistant focal epilepsy, which debuted at the age of 24 with grand mal seizures 

followed by focal episodes with fading and tonic tension of the left arm. The MRI revealed bilateral mesial temporal sclerosis with more pronounced changes 

on the left; however, the EEG revealed epileptiform activity in the right temporal region, which created diagnostic difficulties in determining the primary epi-

leptogenic zone. To clarify the location of the lesion, a comprehensive examination was performed, including PET/MRI, which revealed pronounced hypome-

tabolism in the right temporal lobe (with a difference of up to 31% compared with the contralateral side) while maintaining symmetrical accumulation of RPh in 

the hippocampus. Additionally, diffusion kurtosis imaging (DKI) was performed, which showed a significant decrease in radial and median kurtosis, as well as 

axonal water fraction in the right temporal lobe (up to 1.33 SD from normal). Invasive EEG monitoring confirmed the bilateral nature of epileptogenicity with a 

predominance of right-hemisphere seizure initiation.

Conclusions. The combined use of PET/MRI and DKI increases the accuracy of detection of epileptogenic foci in pharmacoresistant epilepsy. Hybrid imag-

ing allows for a comprehensive assessment of metabolic and microstructural changes, which is important for planning surgical treatment. Data integration 

helps differentiate primary and secondary foci, thus optimizing patient management tactics. The introduction of automated analysis for standardization of 

diagnostics is promising.
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ГИБРИДНЫЕ МЕТОДЫ ЛУЧЕВОЙ ДИАГНОСТИКИ В ОЦЕНКЕ ЭПИЛЕПТОГЕННЫХ ОЧАГОВ: 
РАЗБОР ДИАГНОСТИЧЕСКОГО СЛУЧАЯ

Р.В. Наделяев, М.Б. Долгушин, Т.М. Ростовцева, Е.А. Баранова, Ю.А. Воронкова, Э.Ю. Гаврилова, Ю.В. Рублева

Федеральный центр мозга и нейротехнологий Федерального медико-биологического агентства, Москва, Россия

Введение. Локализация эпилептогенного очага (ЭО) у пациентов с фармакорезистентной фокальной эпилепсией нередко бывает затруднитель-

ной, а выявление множественных ЭО ограничивает возможности хирургического лечения. Более точная характеристика структуры и метаболизма 

ЭО может дать дополнительную информацию в рамках ведения таких пациентов.

Описание клинического случая. Пациент 35 лет с фармакорезистентной фокальной эпилепсией, дебютировавшей в 24 года генерализован-

ными тонико-клоническими приступами, а затем фокальными эпизодами с замиранием и тоническим напряжением левой руки. На МРТ выявлен 

двусторонний мезиальный темпоральный склероз с более выраженными изменениями слева, однако ЭЭГ показала эпилептиформную активность 

в правой височной области, что создало диагностические сложности в определении первичной эпилептогенной зоны. Для уточнения локализа-

ции очага было проведено комплексное обследование, включавшее ПЭТ/МРТ, выявившую выраженный гипометаболизм в правой височной доле 

(с разницей до 31% по сравнению с контралатеральной стороной) при сохранении симметричного накопления РФП в гиппокампах. Дополнитель-

но выполнена диффузионно-куртозисная МРТ, которая показала значимое снижение показателей радиального и среднего куртозиса, а также 

аксональной фракции воды в правой височной доле (до 1,33 SD от нормы). Инвазивный ЭЭГ-мониторинг подтвердил билатеральный характер 

эпилептогенности с преобладанием правополушарной инициации приступов.

Выводы. Комбинированное применение ПЭТ/МРТ и диффузионно-куртозисной МРТ повышает точность выявления эпилептогенных очагов 

при фармакорезистентной эпилепсии. Методы позволяют комплексно оценивать метаболические и микроструктурные изменения, что важно 

для планирования хирургического лечения. Интеграция данных способствует дифференциации первичных и вторичных очагов, оптимизируя так-

тику ведения пациентов. Перспективно внедрение автоматизированного анализа для стандартизации диагностики.
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INTRODUCTION

Structural focal epilepsy shows pharmacoresistance in 
30–40% of cases [1]. This course of the disease forces 
specialists to resort to surgical methods of treatment [2]. 
The modern concept describing the pathophysiological 
basis of structural focal epilepsy implies the presence of 
an epileptogenic zone (EZ) in the brain substance, which, 
in turn, includes not only the focus of morphological 
changes, but also areas of functional changes [16, 17]. In 
this regard, complete resection of the epileptogenic zone 
is one of the most effective surgical methods to achieve 
a long-term seizure-free period [3]. Up to 57% of patients 
who undergo resection of a suspected epileptic focus (EF) 
become completely seizure-free (according to Engel’s 
classification —  Ia) [4, 5], and 87% of patients cease to 
have severe epileptic seizures (according to Engel’s clas-
sification — Ib) [5]. In this regard, it is critically important to 
identify the epileptogenic zone and determine the resec-
tion boundaries at the stage of preoperative planning.

The conventional set of diagnostic methods, which in-
volves analysis of the clinical picture, noninvasive scalp 
electroencephalography (EEG), and magnetic resonance 
imaging (MRI) of the brain according to the epileptic pro-
tocol, does not always allow lateralization and localiza-
tion of the EF. In turn, invasive EEG monitoring with the 
installation of depth brain electrodes, although exhibiting 
high sensitivity and being the gold standard in localization 
and assessment of the prevalence of EF [6], is associ-
ated with certain difficulties and risks of various compli-
cations [7]. The current research directions in studying 
epilepsy are aimed at a continued search for more ac-
curate and safe diagnostic methods. In this connection, 
the presented clinical case demonstrates the potential of 
combining hybrid imaging techniques of PET/MRI with 
18F-fluorodeoxyglucose (FDG) and a promising method of 
diffusion kurtosis imaging (DKI) [8] in assessing epilepto-
genic foci in a patient with structural focal epilepsy.

CLINICAL CASE DESCRIPTION

Patient A., 35 years old, was admitted to the neurologi-
cal department of the Federal Center of Brain Research 
and Neurotechnologies with complaints of absence sei-
zures, sometimes in combination with tonic tension of 
the left arm, followed by amnesia, as well as grand mal 
epilepsy. The onset of the disease at the age of 24 began 
with a grand mal seizure that developed during sleep, 
accompanied by wheezing, cyanosis, and post-seizure 
confusion. The patient turned to a neurologist only one 
year later, after a second seizure attack. According to the 
results of the examination, epilepsy of unspecified etiolo-
gy with bilateral tonic-clonic seizures was diagnosed. An 
MRI scan of the brain revealed bihemispheric cortical at-
rophy, suggesting a possible sclerotic change in the right 
hippocampus. EEG analysis recorded an interictal epi-
leptiform activity in the right frontotemporal region. The 
combination therapy with antiepileptic drugs resolved 
generalized seizures (grand mal epilepsy); however, focal 
nonmotor seizures of the absence type appeared with 
an average rate of once per month and persisted despite 

repeated changes in the treatment regimen. Therefore, 
the patient was admitted to the Federal Center of Brain 
Research and Neurotechnologies to undergo an in-
depth examination in order to localize the epileptogenic 
zone and consider the possibility of surgical treatment 
of epilepsy.

The patient underwent MRI of the brain according to 
the epileptic protocol (isotropic T1 and T2 FLAIR pulse se-
quence 1×1×1 mm, T2 pulse sequence in the hippocampus 
plane, T2 and T2 FLAIR pulse sequence perpendicular to 
the hippocampus plane, T2 pulse sequence in the plane 
of the anterior and posterior commissures) and daily video 
EEG monitoring. The analysis of MR images revealed a 
decrease in the volume of both hippocampuses with a 
disorder of their structure, which was regarded as bilateral 
mesial temporal sclerosis, with the changes being notice-
ably more pronounced in the left hippocampal-amygdalar 
complex (Fig. 1). No other structural changes characteris-
tic of the potential epileptogenic zone were found.

According to the MRI data shown in Fig. 1, the pa-
tient had a bilateral decrease in hippocampal volume with 
signs of their structural changes in the form of a hyper-
intensive signal, which were convincing signs of bilateral 
mesial temporal sclerosis. Daily video EEG monitoring 
recorded epileptiform activity, represented by acute-slow 
wave complexes in the right temporal region, occasionally 
extending to the right frontal-central region. No epileptic 
seizures were observed.

Given the incomplete correspondence of EEG and 
MRI data, which made it difficult to lateralize the poten-
tial primary epileptogenic zone, it was decided to perform 
PET/MRI of the brain with 18F-FDG using an integrated 
SIGNA PET/MR system (GE Healthcare, USA) (Fig. 2). A 
visual and semi-quantitative analysis of PET/MRI images 
was performed with the calculation of the standardized 
uptake volume (SUV) of radiopharmaceutical (RPh) in the 
areas of interest and in the contralateral areas. The study 
established a pronounced hyperfixation of the RPh by the 
substance of the anterior sections of the right temporal 
lobe in comparison with the contralateral side and a dif-
ference of up to 31%. The accumulation of 18F-FDG in the 
hippocampus and amygdala remained symmetrical.

The data presented in Fig. 2 shows a marked decrease 
in the 18F-FDG accumulation in the right temporal lobe, 
which indicates hypometabolic activity in the substance 
of the right temporal lobe.

In addition to brain PET/MRI, the patient underwent 
diffusion kurtosis imaging (DKI) as part of the same study. 
DKI was performed on the same SIGNA PET/MR tomo-
graph with a 3T magnetic field using a 24-channel head 
coil according to the protocol with three b-factors (0, 
1000, 2500) and with gradients in 60 directions, an iso-
tropic voxel size of 3×3×3 mm and a matrix of 80×80 vox-
els. Postprocessing was performed in the Explore DTI and 
SPM12 software (MATLAB R2023a). It included correction 
of the movement of 4D diffusion volumes, correction of 
Gibbs outliers and Gaussian smoothing. In total, 10 par-
ametric maps were obtained, which were subsequently 
combined with the anatomical T1 FSPGR series. The ar-
eas of interest (both temporal lobes) were semi-automati-
cally segmented based on an individual anatomical atlas, 
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pre-generated using FastSurferCNN using T1 FSPGR se-
ries (Desikan–Killiany atlas) [19]. The maps of the mean 
(MK) and radial (RK) kurtosis, as well as the map of the 
axonal water fraction (AWF), presented particular interest 
(Fig. 3). These DKI parameters in the right temporal lobe 
demonstrated the greatest decrease compared to the rel-
atively small-size norm database previously recruited from 
healthy volunteers (n = 15) in another study [8]. A decrease 
of more than one standard deviation (up to 1.33 SD) from 
the average value according to the norm base was re-
corded. In addition, there was a visual and quantitative 
decrease in MK, RK, and AWF values in the substance of 
the anterior sections of the right temporal lobe relative to 
the contralateral side. 

The maps of radial (Fig. 3a), median (Fig. 3b) kurtosis, 
and axonal water fraction (Fig. 3b) demonstrate a visual 

asymmetry of signal intensity between the temporal lobes 
(D  <  S), which is confirmed by quantitative comparison 
with the norm database (the largest decrease by 1.33 SD 
was observed in the radial kurtosis map). 

In order to confirm or refute the assumption of the 
presence of the primary epileptogenic zone in the right 
temporal lobe, it was decided to conduct invasive EEG 
monitoring. Four intracranial electrodes were installed: 
one in the hippocampus and the corpus amygdaloideum 
on both sides; monitoring was carried out for nine days. 
According to the results of the study, a high-index interic-
tal epileptiform activity was recorded under all electrodes 
with its greater representation on the right, ictal activity 
in the form of electrographic seizures, also more often 
with initiation on the right. During electrical stimulation, 
focal autonomic seizures were recorded with the same 

Figure prepared by the authors based on their own data

Fig. 1. MRI of the brain according to the epileptic protocol in a patient with bilateral mesial temporal sclerosis 
Note: a — Т2 FLAIR image in the coronal plane, aligned along the long axis of the hippocampus; b — Т2 FLAIR image in the axial plane aligned along the long axis 
of the hippocampus; c — Т2-weighted image in the coronal plane aligned along the long axis of the hippocampus; d — Т2-weighted image in an axial plane aligned 
along the long axis of the hippocampus. The arrows indicate the hippocampus.
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frequency when both the left and right corpus amygdaloi-
deum were stimulated (Fig. 4, 5). 

Figure 4 shows an electrographic attack with an ini-
tiation zone in the left hippocampus: low-amplitude fast-
wave activity in the area of the left hippocampus (elec-
trode No.  4, contacts 1–2) extending to 2–4 contacts 
of the hippocampus and to the corpus amygdaloideum 
(electrode No. 95 contacts 1–3) with evolution in frequen-
cy and amplitude.

Figure 5 shows an electrographic attack with an initia-
tion zone in the right hippocampus: rhythmic fast-wave 
activity in the area of the right hippocampus (electrode 
No.  64, contacts 2–3) extending to 1–2 contacts of the 
hippocampus and to the corpus amygdaloideum (elec-
trode No. 4, 2–3 contacts → evolution of ictal activity in 
frequency and amplitude).

CLINICAL CASE DISCUSSION

Localization of an EF is a challenging task in 30% of patients 
with pharmacoresistant focal epilepsy [9]. This is related to 
the capacity of brain MRI based on the epileptic protocol 
to detect macrostructural, rather than functional, changes. 
Nevertheless, MRI analysis may reveal structural changes 
in multiple locations, including in different hemispheres [10]. 
Such structural changes may manifest secondary epilep-
togenesis, which is frequently observed in the contralateral 
hemisphere [11]. Secondary EFs also have epileptogenic ac-
tivity; therefore, resection surgery in some of such patients 
seems ineffective and impractical [12]. However, the present-
ed clinical case shows that the latest non-invasive imaging 
techniques in the form of PET/MRI and DKI can provide ad-
ditional information about the nature of changes in potential 

Figure prepared by the authors based on their own data

Fig. 2. PET/MRI of the brain in a patient with bilateral mesial temporal sclerosis
Note: a — combined PET and T1-weighted images in the coronal plane; b — combined PET and T1-weighted images in the axial plane; c — combined PET 
and T1-weighted images in the oblique coronal plane; d — combined PET and T1 weighted images in the oblique axial plane. The mark indicates the area of 
hypometabolism 18F-FDG in the right temporal lobe.
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Figure prepared by the authors based on their own data

Fig. 3. Parametric DKI maps in a patient with focal epilepsy and bilateral mesial temporal sclerosis
Note: a — parametric map of radial kurtosis; b — parametric map of average kurtosis; c– parametric map of axonal water fraction. The mark indicates the zone of 
decrease in DKI parameters in the right temporal lobe; R — right hemisphere; L — left hemisphere.

Figure prepared by the authors based on their own data

Fig. 4. Results of invasive EEG monitoring
Note: the markers show the zones of the onset of an electrographic attack.

Figure prepared by the authors based on their own data

Fig. 5. Results of invasive EEG monitoring
Note: the markers show the zones of the onset of an electrographic attack.
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EFs, as well as their contribution to the course of epilepsy 
in a particular patient. This combined approach may be ef-
fective in patients with discordant results of continued EEG 
monitoring and conventional brain MRI according to the 
epileptic protocol, which was noted in the described patient. 
The DKI parameters make it possible to assess microstruc-
tural changes in the brain matter that cannot be reflected on 
conventional MRI sequences [13, 14]. In turn, functional and 
metabolic changes caused by microstructural damage can 
be assessed by PET/MRI [15]. According to literature sourc-
es, the PET/MRI method demonstrates a higher sensitivity in 
the diagnosis of structural focal epilepsy compared to PET, 
PET/CT, and MRI scans [18]. 

In the presented case, the revealed changes indicate 
a more pronounced microstructural damage to the sub-
stance of the right temporal lobe, which can be inter-
preted as potential markers of more active EF or primary, 
longer-existing EF. The patient was discharged with rec-
ommendations for continued therapy and observation at 
his place of residence. In the future, hospitalization at the 
Federal Center of Brain Research and Neurotechnologies 
is planned for subsequent monitoring and determination of 
treatment tactics.

CONCLUSION

The combined use of PET/MRI and DKI extends the pos-
sibilities of pre-surgical diagnostics of patients with focal 
epilepsy, particularly in cases with potential multiple epi-
leptogenic foci. These techniques provide a multimodal 
assessment of pathological changes, combining data on 
metabolic disorders (PET) and microstructural features 
of tissue (DKI), thus allowing identification of even sub-
clinical or morphologically undetectable epileptogenic 
zones. The integration of the as-obtained results contrib-
utes to differentiation of primary and secondary foci, de-
termination of their functional activity, and optimization 
of treatment tactics. This is especially important when 
planning a surgical intervention. In addition, identification 
of the most active epileptogenic sites can also influence 
the management of such patients. Thus, PET/MRI and 
DKI in combination with conventional methods increase 
the accuracy of topical diagnostics and contribute to 
personalized treatment of pharmacoresistant epilepsy. 
Another promising research direction is the development 
of algorithms for automated data analysis to standardize 
the diagnostic process.
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