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ABSTRACT

Introduction: Approximately 20-30% of temporal lobe epilepsy (TLE)
cases present with no visible abnormalities on conventional magnetic
resonance imaging (MRI). When interictal electroencephalography (EEG)
recordings are also persistently normal, the diagnosis and lateralization
become major clinical challenges. We aimed to investigate whether
automated hippocampal subfield volumetry could detect subtle
structural alterations in these “electro-clinically silent” MRI-negative
cases and to correlate these findings with seizure semiology.

Methods: We analyzed 24 patients with clinically diagnosed MRI-
negative/EEG-negative TLE and 26 age-matched healthy controls.
Despite normal visual inspection on 1.5-T MRI, hippocampal subfield
volumes were extracted using an automated segmentation pipeline
(volBrain). Seizure semiology was systematically categorized to provide
clinical-anatomical correlation.

Results: TLE patients exhibited a significant and selective volume
reduction in the right CA4-dentate gyrus (CA4-DG) subfield compared

to healthy controls (p=0.003), even after adjusting for age, sex, and total
intracranial volume (p=0.002). No statistically significant differences were
observed in other hippocampal subfields (CA1, CA2/3, or subiculum),
indicating a highly localized pattern of structural alteration.

Conclusion: These results imply that selective CA4-DG atrophy is a
defining characteristic of the MRI-negative TLE phenotype, thereby
corroborating the ‘“dentate gate” failure hypothesis. Quantitative
volumetry provides a crucial diagnostic tool in settings with limited
resources, where advanced techniques like 3-T MRI or invasive
monitoring are not accessible. This objective structural marker, when
integrated with comprehensive semiological analysis, improves
diagnostic accuracy and facilitates early clinical intervention in difficult
non-lesional TLE cases.
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INTRODUCTION

Temporal lobe epilepsy (TLE) is increasingly recognized not as a localized
focal pathology, but as a complex network level disorder involving structural
and functional disruptions across the hippocampal-thalamocortical circuits
(1,2). While drug-resistant TLE associated with mesiotemporal sclerosis
(MTS) is the prototype of surgically remediable focal epilepsy, a significant
clinical cohort, approximately 20% to 30% presents with no identifiable
lesions even on high-field magnetic resonance imaging (MRI), a condition
termed "MRI-negative” or "non-lesional” TLE (3,4). The diagnosis becomes
even more difficult in a small group of these patients who show normal
electroencephalography (EEG) interictal findings without exception. Such
“electro-clinically silent” cases often suffer from misinterpretation, resulting
in long diagnostic periods, because there are no apparent radiological
or electrophysiological markers. Consequently, these patients may be
misdiagnosed with psychogenic non-epileptic seizures due to the absence
of clear markers (5,6).

Recent advances in quantitative neuroimaging have suggested that
subtle structural alterations may exist even when conventional
MRI appears normal. These radiological assessment of TLE often
rely on macroscopic hippocampal atrophy visible to the naked
eye. Nonetheless, the International League Against Epilepsy (ILAE)
histopathological classification has revealed that hippocampal sclerosis
is extremely diverse in its characteristics (7). To be more precise, “End-
Folium Sclerosis” (EFS or Type 3 HS) entails a loss of cells that is mainly
limited to the CA4 segment and the dentate gyrus (DG), with the CA1
region often left untouched (8). Moreover, EFS comes with a lower
degree of overall volume reduction, which may render it undetectable
on routine visual MRI inspection (9). This suggests that the “non-
lesional” status in many patients may actually represent microscopic,
subfield-specific structural reorganization that falls below the detection
threshold of traditional imaging protocols (10).
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The “dentate gate” hypothesis posits that structural or functional
disruption in this region, particularly within the CA4-DG complex, may
lead to impaired filtering of excitatory input, thereby facilitating seizure
initiation and propagation (11). With the development of automated
hippocampal subfield segmentation methods, recent advances enable
the quantification of these anatomical regions non-invasively and to
investigate the microstructural integrity of the hippocampal formation
in vivo (12). Despite the growing body of literature on MRI-negative TLE,
few studies have specifically examined hippocampal subfield volumes in
patients who are both MRI-negative and interictal EEG-negative, a group
that likely represents the subtlest end of the structural damage spectrum.

In the present study, we aimed to delineate the volumetric profile of
patients with clinically diagnosed TLE who had normal routine MRI
findings and repeatedly negative interictal EEG recordings. Using an
automated volumetric analysis pipeline, we examined whether subtle
morphometric differences could be detected in this challenging patient
population compared with healthy controls (HC). Based on the selective
vulnerability of the hilar region, we hypothesized that quantitative
volumetric analysis might reveal structural alterations that are not evident
on conventional radiological evaluation.

METHODS

Study Design and Participants

A total of 50 participants were enrolled in this study, consisting of 24
patients with non-lesional TLE and 26 HC. Patients were recruited from
the neurology outpatient clinic of Alanya Alaaddin Keykubat University
Training and Research Hospital. Diagnosis of TLE was established by
expert neurologists based on clinical history and seizure semiology in
accordance with the ILAE classification of the epilepsies (13).

Patients included in the epilepsy group had a clinical diagnosis of TLE
based on seizure semiology and longitudinal clinical evaluation. All
patients underwent routine scalp EEG as part of their diagnostic work-up
and clinical follow-up. From the onset of the disease, all available interictal
EEG recordings were reported as normal. Only patients with consistently
normal interictal EEG findings across at least three separate recordings
were included and classified as EEG-negative. Brain MRI examinations
were performed as part of the routine epilepsy imaging protocol using a
1.5 Tesla scanner. The MRI protocol included high-resolution structural
sequences recommended for epilepsy evaluation (14). No structural
lesions such as hippocampal sclerosis, tumors, vascular malformations,
or cortical dysplasia were identified in the patient group. All patients had
normal findings on 1.5 Tesla epilepsy protocol MRI.

Inclusion criteria for the patient group were: i) confirmed diagnosis of
epilepsy based on clinical findings, ii) age 218 years, and iii) availability
of high-quality 3D T1-weighted brain MRI. Healthy controls were
required to have no history of neurological or psychiatric disorders.
Psychiatric status was retrospectively assessed through detailed review
of medical records and routine clinical evaluations conducted by
experienced clinicians. All HC had normal findings on radiological MRI,
(iii) consistently normal interictal routine and sleep EEG recordings. Age
and sex matched HC were required to have no history of neurological
or psychiatric disorders and normal radiological MRI findings. Exclusion
criteria for both groups included history of head trauma, other
neurological or psychiatric disorders, and any visible intracranial lesions
(e.g., tumors, vascular malformations, or overt hippocampal sclerosis)
and severe MRI artifacts.

MRI Acquisition and Automated Volumetric Processing
High-resolution 3D T1-weighted 1.5 Tesla MRI was conducted using a
Signa Explorer 1.5 Tesla MR device (General Electric Company, USA) at
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Highlights
+ Automated volumetry can be detect CA4-DG atrophy in
MRI/EEG-negative TLE.

» CA4-DG loss supports dentate gate failure in non-lesional
TLE.

+ Structural changes are detectable despite persistently
normal interictal EEG.

* Semiology and frequent generalization suggest hilar
vulnerability.

Alanya Alaaddin Keykubat University Training and Research Hospital.
Each scan consisted of 190 sagittal slices with the following parameters:
repetition time (TR)=8.1 ms, echo time (TE)=3.7 ms, field of view
(FOV)=256 x 256 x 190 mm (FH x AP x RL), and an isotropic voxel size
of T x 1 x 1 mm. Automated brain segmentation and volumetric analysis
were performed using the volBrain online system (15). This system offers
a complete array of tools designed for brain tissue classification and
regional quantification. To maintain dataset consistency, all segmentations
were executed between the 6th and 12th of January, 2025. The volBrain
pipeline incorporates automated preprocessing steps, including noise
reduction, intensity normalization, and brain extraction, succeeded by
tissue classification and regional volumetric quantification.

While 3T MRI is frequently favored for high-resolution imaging, the
volBrain pipeline, specifically the HIPS/HIPP-MAPS module, employs a
sophisticated multi-atlas patch-based label fusion technique (16). Patch-
based methodologies, in contrast to conventional voxel-wise or surface-
based techniques, capitalize on non-local similarity and library-based
expert atlases, thereby mitigating the diminished signal-to-noise ratio
(SNR) characteristic of 1.5T scans. Prior research has shown that this
methodology preserves elevated segmentation consistency and accuracy
across varying field strengths, encompassing 1.5T datasets (15,17).

Specifically, the following modules were utilized:

* Subcortical Segmentation: Module facilitated the identification of
principal subcortical structures and the generation of cortical thickness
maps.

» Thalamus Nuclei Segmentation: Automated delineation of specific
thalamic nuclei within both hemispheres was achieved through this
module.

* Hippocampal Subfield Segmentation: Detailed quantification of
hippocampal internal structures, including the CA1-3, CA4-DG, and
subiculum.

To account for differences in head size between people, we normalized
all regional brain volumes to the total intracranial volume (ICV). This was
done using a ratio-based method (regional volume / ICV). The multi-
step segmentation process, which included classifying whole-brain
tissue, mapping cortical thickness, and precisely outlining thalamic and
hippocampal substructures, is shown in Figure 1.

Electroencephalography Acquisition and Assessment

Interictal EEG recordings were obtained using a Nihon Kohden Neurofax
EEG-1200 system (Nihon Kohden Corporation, Tokyo, Japan) at the
electrophysiology laboratory of Alanya Alaaddin Keykubat University
Training and Research Hospital. Electroencephalography recordings were
acquired using a 19-channel Ag/AgCl electrode cap positioned according
to the international 10-20 system (F3, F4, C3, C4, P3, P4, O1, 02, F7,
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Figure 1. lllustration of automated volumetric segmentation pipeline. Panel A illustrates whole-brain tissue and cerebellar segmentation, including cortical gray matter, white matter,
thalamus, and cerebellar gray and white matter, as well as hemispheric parcellation. Panel B shows subcortical structure segmentation together with cortical thickness mapping across
the cerebral cortex. Panel C presents automated thalamic nuclei segmentation. Panel D depicts hippocampal subfield segmentation, including CA1, CA3/CA2, and dentate gyrus (CA4).

F8, T1, T2, T3, T4, T5, T6, Fz, Cz, Pz), with A1 and A2 used as linked-ear
references (18).

Signals were amplified and digitized with a sampling rate of 200 Hz. During
acquisition, the high-pass filter was set to 1 Hz and the low-pass filter to
100 Hz, and electrode impedance was maintained below 10 kQ. All EEG
recordings were visually reviewed by experienced neurologists. From the
onset of the disease, all available interictal EEG recordings were reported
as normal. During clinical follow-up, each patient underwent at least
three separate interictal EEG examinations, none of which demonstrated
epileptiform discharges or focal abnormalities. Therefore, the patient
cohort was classified as interictal EEG-negative. Although routine scalp
EEG has limited sensitivity for detecting epileptiform activity, repeated
recordings were used to increase the likelihood of identifying interictal
abnormalities.

Statistical Analysis

For statistical analysis, Jamovi statistical software (version 2.3.19.0) has
been employed. The Shapiro-Wilk test was used to evaluate normality.
Results are expressed as mean + standard deviation for normally
distributed variables. Intergroup demographic differences were assessed
using independent samples t-tests. For the evaluation of volumetric
differences between patients and HC, analysis of covariance (ANCOVA)
has been employed with age and sex as covariates to control for possible
confounding effects; in addition, as brain volumes are known to vary
among individuals, in volumetric analysis, estimated eTIV has been
employed as a covariate in ANCOVA analysis to control for interindividual

variability in brain volumes (19). False discovery rate (FDR) correction was
applied to control for multiple comparisons. Effect sizes were reported
as partial eta-squared (n?p). A two-tailed p-value <0.05 was considered
statistically significant.

RESULTS

Demographic and Clinical Characteristics

A total of 50 participants who were divided into two groups which
consisted of 24 non-lesional TLE patients and 26 HC. The demographic
and clinical characteristics of the study population are summarized
in Table 1. The patient group was significantly younger than the HC
(34.38+14.54 years vs. 43.31+14.57 years, p=0.035). A significant difference
was also observed in sex distribution between the two groups (p=0.004),
with a higher proportion of males in the patient group (75%) compared
with the control group (30.8%). Because of these differences, age and sex
were included as covariates in subsequent volumetric analyses.

The mean age at seizure onset in the patient group was 20.00+12.98
years, and the mean disease duration was 14.38+12.75 years. According
to the ILAE 2017 seizure classification, the majority of patients (n=17,
70.8%) experienced focal to bilateral tonic-clonic seizures (FBTC). The
remaining patients were classified as having focal impaired awareness
seizures (n=6, 25.0%) and focal aware seizures (n=1, 4.2%). Regarding
antiseizure medication (ASM) treatment, 16 patients (66.7%) were
receiving monotherapy, whereas 8 patients (33.3%) were treated
with polytherapy. All patients fulfilled strict inclusion criteria, with
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no structural abnormalities detected on 1.5-Tesla MRI scans and no
epileptiform activity observed on repeated interictal EEG recordings
during follow-up.

Detailed analysis of seizure semiology confirmed the clinical diagnosis
of TLE in all patients, even though MRI and interictal EEG results were
negative. The most common ictal features were oromandibular and hand
automatisms (54.1%), followed by ictal stare (16.7%). Epigastric aura, a
sign of mesial temporal involvement, was reported by 20.8% of the
group. In addition, lateralizing signs were common: postictal aphasia/
dysphasia (suggesting dominant hemisphere involvement) was seen in
25% of patients, while postictal urinary urge (suggesting non-dominant
involvement) was present in 16.7%. A complete list of individual
semiological features can be found in Supplementary Table 1.

Arch Neuropsychiatry 2026;63:495-501

Hippocampal Subfield Volumetry

Comparative volumetric analysis revealed a significant reduction in right
CA4-DG volume in the epilepsy group compared with HC (Student’s
t-test, p=0.003) (Table 2). No significant differences were observed for
left CA4-DG (p=0.716) or total CA4-DG volumes (p=0.078). To control
for potential confounding effects, an analysis of covariance (ANCOVA)
was performed including age, sex, and total intracranial volume (TIV) as
covariates. After adjustment, the group difference in right CA4-DG volume
remained significant (p=0.002), and a smaller but still significant difference
was observed for total CA4-DG volume (p=0.036), whereas left CA4-DG
volume remained non-significant (p=0.46) (Table 3). No other significant
volumetric differences were detected between epilepsy patients and HC.
These findings suggest that volumetric differences in the present cohort
were primarily restricted to the CA4-DG hippocampal subfield.

Table 1. Demographic and clinical characteristics of patients with temporal lobe epilepsy and healthy controls

Variable Patients (n=24) Healthy controls (n=26) p- value
Age (years, mean * SD) 34.38+14.54 43.31+14.57 0.035%
Sex (male/female, n) (%) 18 (75.0) /6 (25.0) 8(30.8) /18 (69.2) 0.004°
Age at onset (years, mean + SD) 20.00+12.98 N/A -
Duration of epilepsy (years, mean * SD) 14.38+12.75 N/A -
Seizure type (ILAE 2017)

Focal aware 1(4.2) N/A -

Focal impaired awareness 6 (25.0) N/A -

Focal to bilateral tonic-clonic 17 (70.8) N/A -
ASM regimen

Monotherapy 16 (66.7) N/A -

Polytherapy 8(33.3) N/A -

2: P-values determined by independent samples t-test; *: P-values determined by chi-square test; values are presented as mean # SD or n (%); ASM: antiseizure medication; ILAE:
International League Against Epilepsy; SD: standard deviation; N/A: not applicable.

Table 2. Comparison of volume findings between groups

Epilepsy group (n=24) Control group (n=26)
Variables Median (IQR) Mean (t SD) Median (IQR) Mean (+ SD) p
CA4-DG total 0.640 (0.148) 0.660+0.127 0.730 (0.140) 0.728+0.380 0.078
CA4-DG right 0.315 (0.057) 0.309+0.075 0.370 (0.105) 0.381+0.084 0.003*
CA4-DG left 0.325 (0.095) 0.352+0.077 0.370 (0.060) 0.360+0.075 0.716

Significant volume reduction was observed specifically in the right CA4-DG subfield of the epilepsy group; data are expressed as median (IQR) and mean (+ SD); p values are
obtained using Student’s t-test (data is distributed normally); asterisks (*): indicate statistical significance at p <0.05.

Table 3. Summary of ANCOVA results for hippocampal subfield volumes controlling for age, sex, and total intracranial volume (TIV)

Regions Group Age Sex TIV
Mean square 0.082 0.0006 0.0320 0.001
CA4-DG Total np? 0.094 0.001 0.038 0.002
P value 0.036* 0.85 0.186 0.773
Mean square 0.0701 0.00003 0.0125 0.00002
CA4-DG Right np? 0.193 0.000 0.041 0.000
P value 0.002* 0.94 0.171 0.94
Mean square 0.0031 0.0006 0.0003 0.012
CA4-DG Left np? 0.012 0.002 0.001 0.046
P value 0.46 0.74 0.80 0.146

Between-group volume analysis showed significantly decreased volumes in right CA4-DG and total CA4-DG, significant hippocampal subfields in epilepsy group compared to

healthy controls; the analysis was performed using ANCOVA with age, gender, and total intracranial volume (TIV) as covariates; the table shows values include mean square, effect

size (n?), and Tukey-adjusted p values; asterisks (*): denote statistical significance at p <0.05.
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Relationship between CA4-DG volume and seizure duration
The relationship between CA4-DG subfield volumes and seizure duration
was examined using partial Spearman correlation analysis controlling for
age, sex, and estimated intracranial volume. No significant correlations
were observed between seizure duration and right CA4-DG volume
(p=0.14, p=0.525), left CA4-DG volume (p=0.20, p=0.349), or total CA4-
DG volume (p=0.16, p=0.450). When patients were stratified according
to seizure type, no significant correlations were found within the FBTC
subgroup (all p>0.05). In patients with focal impaired awareness seizures,
a strong negative trend was observed between seizure duration and
right CA4-DG volume (p=0.72), although this did not reach statistical
significance (p=0.103), likely due to the limited sample size.

DISCUSSION

The present study demonstrated a significant reduction in right CA4-
DG volume in a clinically defined cohort of MRI-negative and interictal
EEG-negative TLE patients. This finding indicates that subtle hippocampal
subfield alterations can be detected using quantitative volumetric
analysis, even when routine imaging appears normal. Rather than
indicating overt structural pathology, the observed CA4-DG reduction
may reflect a localized and morphometrically subtle alteration within
hippocampal circuitry in this clinically challenging subgroup (9,12).

Recent advances in neuroimaging indicate that MRI-negative temporal
lobe epilepsy may involve subtle microstructural abnormalities
that remain undetectable on conventional MRI, particularly within
hippocampal subfields (20). In this context, subfield-specific analyses
have gained importance by enabling the identification of localized
vulnerabilities underlying epileptogenic processes (21). In line with these
findings, our results highlight a selective vulnerability of the CA4-DG
subfield, supporting the hypothesis that dentate gyrus dysfunction plays
a central role in MRI-negative TLE.

The selective involvement of the CA4-DG complex is noteworthy because
this region has been implicated in hippocampal vulnerability patterns
described in TLE. In particular, previous histopathological classifications
have shown that some forms of hippocampal sclerosis may preferentially
affect the CA4 and DG while relatively sparing CA1, potentially resulting
in less obvious whole-hippocampal atrophy on conventional MRI (7). In
this context, the present finding may represent a morphometric correlate
of a subtle mesial temporal abnormality, although such an interpretation
requires validation in studies with histopathological or invasive
electrophysiological confirmation. Therefore, our results should be
viewed as indirect structural evidence rather than a direct demonstration
of microscopic hippocampal pathology.

An additional issue that merits consideration is the right-sided
lateralization of the observed volumetric difference. In the absence of
invasive EEG, video-EEG monitoring, or postsurgical confirmation, the
reason for the predominance of right CA4-DG reduction cannot be
determined with certainty (22). The finding may reflect an asymmetry in
the distribution of subtle mesial temporal network involvement within
this cohort. Another possibility is that the result may be influenced by
clinical heterogeneity, including differences in seizure semiology or
lateralizing features that could not be fully characterized retrospectively.
Accordingly, the lateralization of the present finding should be interpreted
with caution and requires confirmation in larger cohorts with more
comprehensive electroclinical characterization (23).

The clinical characteristics of the cohort may provide additional
context for interpreting the observed CA4-DG alteration. A substantial
proportion of patients experienced focal to bilateral tonic-clonic
seizures (FBTC), suggesting that seizure propagation beyond the
temporal lobe may occur despite normal interictal EEG recordings
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Figure 2. Dentate gyrus gating dysfunction and seizure propagation in TLE. Schematic
representation of the “dentate gate” mechanism in healthy and epileptic conditions. A:
In the physiological state, the DG acts as a filter for excitatory inputs. B: In TLE, structural
atrophy of the CA4-DG complex leads to gate failure and subsequent seizure propagation.

(24). However, no significant association was observed between seizure
duration and CA4-DG volume, and subgroup analyses based on seizure
type did not yield statistically robust results. These findings indicate
that the observed hippocampal subfield alteration may not be directly
explained by seizure burden alone. Instead, they support the view that
hippocampal structural changes in temporal lobe epilepsy likely reflect
a complex interplay of factors, including underlying pathology and
network-level mechanisms, rather than a simple linear relationship with
seizure duration (25).

The dentate gyrus (DG) functions as a key regulatory gate for excitatory
input within hippocampal circuitry. Disruption of this mechanism may
facilitate seizure propagation. Disruption of this regulatory function,
potentially due to loss of hilar neurons and inhibitory interneurons, may
impair excitatory control and facilitate seizure propagation (26). In this
context, repeated FBTC seizures engaging widespread thalamocortical
networks may contribute to cumulative network-level stress on these
gatekeeper mechanisms (27). A schematic representation of DG gate
failure and its role in seizure propagation to the CA3 network is shown in
Figure 2. In contrast, no significant volumetric differences were observed
in thalamic nuclei, suggesting that structural alterations in this cohort
may be primarily localized to hippocampal subfields, while thalamic
involvement may be more functional than structural.

These findings should be interpreted in light of the imaging methodology.
Subfield segmentation based on 1.5-T MRI represents a morphometric
approximation rather than a direct anatomical delineation, and subtle
structural alterations may remain partially undetected due to lower
spatial resolution compared to higher-field systems (28). Despite this
limitation, the present findings provide evidence that subtle CA4-DG
alterations can be detected even in clinically challenging MRI- and EEG-
negative TLE cases, supporting the concept of microstructural network-
level pathology. Consistent with previous studies, quantitative MRI
approaches may enhance the detection of hippocampal abnormalities
beyond routine visual assessment (29). However, these findings do not
provide conclusive evidence for localization of the epileptogenic zone
for surgical decision-making. Instead, such measurements may serve
as complementary imaging markers within multimodal assessment
frameworks when interpreted alongside clinical, electrophysiological,
and advanced imaging data.
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In conclusion, our study demonstrates that automated hippocampal
subfield volumetry can detect subtle structural alterations in the CA4-
DG region in TLE patients, even when conventional 1.5-T visual MRI
and interictal scalp EEG remain negative. This selective atrophy offers
a persuasive clinico-anatomical basis for the focal seizure semiology
observed within our group. Our results emphasize that quantitative
volumetric analysis serves as a potent and readily available method
capable of addressing the diagnostic challenges encountered in settings
with limited resources, where sophisticated techniques such as 3-T
MRI, long-term video-EEG, or invasive monitoring may be unavailable.
By concentrating on microstructural network alterations rather than
relying on gross visual inspection, this methodology improves diagnostic
accuracy and facilitates the early detection of non-lesional TLE, thereby
potentially streamlining clinical management and the surgical referral
process for these complex cases.

Limitations and Future Directions

Several limitations should be acknowledged. First, the sample size was
relatively small, which may have limited statistical power for detecting
subtle abnormalities beyond the CA4-DG subfield. Second, the diagnosis of
TLE was based on clinical history, seizure semiology, and repeated interictal
EEG recordings, without prolonged video-EEG monitoring, invasive
EEG, or postsurgical confirmation; therefore, some degree of diagnostic
heterogeneity cannot be excluded. Third, although all patients had visually
normal MRI findings, imaging was acquired using a 1.5-T scanner, which
may have reduced sensitivity for subtle mesial temporal or thalamic
abnormalities and limited the anatomical precision of hippocampal
subfield segmentation. In this context, 3-T MRI has been shown to
improve lesion detection in epilepsy imaging (28,29). Furthermore, recent
research using ultra-high-field 7-T MRI has demonstrated that automated
subfield segmentation can identify significant hippocampal asymmetries
even in patients whose clinical-strength MRIs were reported as normal.
Finally, routine interictal scalp EEG has limited sensitivity for epileptiform
discharges even when repeated, and the cross-sectional design precludes
conclusions about causality.

Taken together, these limitations indicate that the present findings should
be interpreted within the context of the study design. Future studies
incorporating larger cohorts, higher-field MRI, prolonged video-EEG
monitoring, and multimodal imaging approaches will be essential to
confirm the reproducibility and clinical relevance of these findings in
MRI- and EEG-negative TLE populations.

SUPPLEMENTARY
https://www.noropsikiyatriarsivi.com/uploads/NPA_29416_EN_SUPPL.pdf

Acknowledgment: The authors thank the staff of the Radiology and Neurology
Department for their technical support during data acquisition and all participants for
their valuable contribution to this study.

Ethics Committee Approval: The study was approved by University of Alanya Alaaddin
Keykubat Training and Research Hospital Date: 07.05.2025, decision number: 10354421-
2025/08-11.

Informed Consent: Written informed consent was obtained from all participants prior
to inclusion in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept- CS, SA, SC, BY; Design- CS, LH, BY; Supervision- CS,
SA, SC, BY; Resource- CS, EQ, SG, SSS, FB; Materials- SO, FB, EQ; Data Collection and/or
Processing- SO, FB, EO; Analysis and/or Interpretation- EO, SSS, AK; Literature Search-
SA, LH; Writing- CS, EQ, SSS, BY; Critical Reviews- SC, BY.

Conflict of Interest: The authors declared that there is no conflict of interest.

Financial Disclosure: No funding.

Arch Neuropsychiatry 2026;63:495-501

REFERENCES

1. Bernasconi N, Bernasconi A, Caramanos Z, Antel SB, Andermann F, Arnold
DL. Mesial temporal damage in temporal lobe epilepsy: a volumetric MRI
study of the hippocampus, amygdala and parahippocampal region. Brain.
2003;126:462-469. [Crossref]

2. Keller SS, O'Muircheartaigh J, Traynor C, Towgood K, Barker GJ, Richardson
MP. Thalamotemporal impairment in temporal lobe epilepsy: a combined
MRI analysis of structure, integrity, and connectivity. Epilepsia. 2014;55:306-
315. [Crossref]

3. Wiebe S, Blume WT, Girvin JP, Eliasziw M. A randomized controlled trial
of surgery for temporal-lobe epilepsy. N Engl ] Med. 2001;345:311-318.
[Crossref]

4. Muhlhofer W, Tan YL, Mueller SG, Knowlton R. MRI-negative temporal lobe
epilepsy-what do we know? Epilepsia. 2017;58:727-742. [Crossref]

5. Sone D, Sato N, Ota M, Maikusa N, Kimura Y, Matsuda H. Abnormal neurite
density and orientation dispersion in unilateral temporal lobe epilepsy.
Neuroimage Clin. 2018;20:772-782. [Crossref]

6. Kuzniecky RI. Neuroimaging of epilepsy: therapeutic implications. NeuroRx.
2005;2:384-393. [Crossref]

7. Blimcke I, Thom M, Aronica E, Armstrong DD, Bartolomei F, Bernasconi
A, et al. International consensus classification of hippocampal sclerosis in
temporal lobe epilepsy. Epilepsia. 2013;54:1315-1329. [Crossref]

8. Bliimcke |, Coras R, Miyata H, Ozkara C. Defining clinico-neuropathological
subtypes of mesial temporal lobe epilepsy with hippocampal sclerosis. Brain
Pathol. 2012;22:402-411. [Crossref]

9. Mueller SG, Laxer KD, Schuff N, Weiner MW. Voxel-based T2 relaxation
rate measurements in temporal lobe epilepsy. Epilepsia. 2007;48:220-228.
[Crossref]

10. de TisiJ, Bell GS, Peacock JL, McEvoy AW, Harkness WF, Sander JW, et al. The
long-term outcome of adult epilepsy surgery, patterns of seizure remission,
and relapse: a cohort study. Lancet. 2011;378:1388-1395. [Crossref]

11. Krook-Magnuson E, Armstrong C, Bui A, Lew S, Oijala M, Soltesz I. In vivo
evaluation of the dentate gate theory in epilepsy. ] Physiol. 2015;593:2379-
2388. [Crossref]

12. Iglesias JE, Augustinack JC, Nguyen K, Player CM, Player A, Wright M, et al. A
computational atlas of the hippocampal formation using ex vivo, ultra-high
resolution MRI. Neuroimage. 2015;115:117-137. [Crossref]

13. Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, Guilhoto L, et al.
ILAE classification of the epilepsies. Epilepsia. 2017;58:512-521. [Crossref]

14. Bernasconi A, Cendes F, Theodore WH, Gill RS, Koepp MJ, Hogan RE, et
al. Recommendations for the use of structural MRI in epilepsy. Epilepsia.
2019;60:1054-1068. [Crossref]

15. Manjén JV, Coupé P. volBrain: an online MRI brain volumetry system. Front
Neuroinform. 2016;10:30. [Crossref]

16. Riederer F, Seiger R, Lanzenberger R, Pataraia E, Kasprian G, Michels L, et al.
Automated volumetry of hippocampal subfields in temporal lobe epilepsy.
Epilepsy Res. 2021;175:106692. [Crossref]

17. Romero JE, Coupé P, Manjoén JV. HIPS: a hippocampus subfield segmentation
method. Neuroimage. 2017;163:286-295. [Crossref]

18. Smith S). EEG in the diagnosis and management of epilepsy. J Neurol
Neurosurg Psychiatry. 2005;76: ii2-ii7. [Crossref]

19. Barnes J, Ridgway GR, Bartlett J, Henley SM, Lehmann M, Hobbs N, et
al. Head size, age and gender adjustment in MRI studies. Neuroimage.
2010;53:1244-1255. [Crossref]

20. Gill RS, Deleo F, Bernhardt B, Wiebe S, Bernasconi N, Bernasconi A. MRI-
negative epilepsy: a systematic review and meta-analysis. Epilepsia.
2025;66:4939-4949. [Crossref]

21. Ripart M, DeKraker J, Eriksson MH, Piper R], Gopinath S, Parasuram H, et
al; MELD HS study group. Automated and interpretable detection of
hippocampal sclerosis in temporal lobe epilepsy: AID-HS. Ann Neurol.
2024,97:62-75. [Crossref]

22. Serles W, Caramanos Z, Lindinger G, Pataraia E, Baumgartner C. Combining
ictal EEG and seizure semiology improves patient lateralization in temporal
lobe epilepsy. Epilepsia. 2000;41:1567-1573. [Crossref]

23. Maccotta L, Moseley ED, Benzinger TL, Hogan RE. Local hippocampal shape
changes in MRI-negative temporal lobe epilepsy. Epilepsia. 2015;56:780-
788. [Crossref]


https://doi.org/10.1093/brain/awg034
https://doi.org/10.1111/epi.12520
https://doi.org/10.1056/NEJM200108023450501
https://doi.org/10.1111/epi.13699
https://doi.org/10.1016/j.nicl.2018.09.017
https://doi.org/10.1602/neurorx.2.2.384
https://doi.org/10.1111/epi.12220
https://doi.org/10.1111/j.1750-3639.2012.00583.x
https://doi.org/10.1111/j.1528-1167.2006.00916.x
https://doi.org/10.1016/S0140-6736(11)60890-8
https://doi.org/10.1113/JP270056
https://doi.org/10.1016/j.neuroimage.2015.04.042
https://doi.org/10.1111/epi.13709
https://doi.org/10.1111/epi.15612
https://doi.org/10.3389/fninf.2016.00030
https://doi.org/10.1016/j.eplepsyres.2021.106692
https://doi.org/10.1016/j.neuroimage.2017.09.049
https://doi.org/10.1136/jnnp.2005.069245
https://doi.org/10.1016/j.neuroimage.2010.06.025
https://doi.org/10.1111/epi.18616
https://doi.org/10.1002/ana.27089
https://doi.org/10.1111/j.1499-1654.2000.001567.x
https://doi.org/10.1111/epi.12955

Arch Neuropsychiatry 2026;63:495-501

24. Sinha N, Peternell N, Schroeder GM, de Tisi J, Vos SB, Winston GP, et al. Focal
to bilateral tonic-clonic seizures are associated with widespread network
abnormality. Epilepsia. 2021;62:729-741. [Crossref]

25. Ellsay AC, Winston GP. Advances in MRI-based diagnosis of temporal lobe
epilepsy: correlating hippocampal subfield volumes with histopathology. J
Neuroimaging. 2024;34:515-526. [Crossref]

26. Scharfman HE. The dentate gyrus and temporal lobe epilepsy. Epilepsy Curr.
2019;19:249-255. [Crossref]

27.

28.

29.

Sayman et al. Subtle Hippocampal Changes in MRI-Negative TLE

Peng SJ, Hsin YL. Altered structural and functional thalamocortical networks
in secondarily generalized extratemporal lobe seizures. Neuroimage Clin.
2016;13:55-61. [Crossref]

Phal PM, Usmanov A, Nesbit GM, Anderson JC, Spencer D, Wang P, et al.
Comparison of 3T and 1.5T MRI in epilepsy evaluation. AJR Am ] Roentgenol
2008;191:890-895. [Crossref]

Rados M, Mouthaan B, Barsi P, Carmichael D, Heckemann RA, Kelemen A,
et al. Diagnostic value of MRI in epilepsy presurgical evaluation. Epileptic
Disord 2022;24:323-342. [Crossref]



https://doi.org/10.1111/epi.16819
https://doi.org/10.1111/jon.13225
https://doi.org/10.1177/1535759719855952
https://doi.org/10.1016/j.nicl.2016.11.010
https://doi.org/10.2214/AJR.07.3933
https://doi.org/10.1684/epd.2021.1399

