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Introduction

Research in context

Evidence before this study

Emerging evidence suggests that dysregulated brain iron 

homoeostasis plays a significant role in the pathophysiology 

of epilepsy. Accumulation of iron has been observed in 

resected brain tissue from patients with epilepsy and in vivo 

using susceptibility-weighted imaging, particularly in regions 

near seizure onset zones. Experimental models indicate that 

iron contributes to epileptogenesis via multiple mechanisms, 

including oxidative stress, neuroinflammation, ferroptosis 

and enhanced neuronal excitability. Dysfunction of the 

blood–brain barrier is a key contributor to this process, 

allowing iron-rich blood components to enter the brain 

parenchyma, particularly after seizures. However, other 

mechanisms, such as seizure-induced microvascular injury, 

mitochondrial dysfunction, impaired iron storage and 

clearance, and altered glial activity, may also drive iron 

dysregulation. Quantitative susceptibility mapping is an 

advanced MRI technique that can detect changes in magnetic 

susceptibility related to iron. However, its functional 

relevance and temporal dynamics in epilepsy remain poorly 

understood.

Added value of this study

This study is the first to use ultra-high-field (7 T) 

Quantitative Susceptibility Mapping to investigate interictal 

and postictal iron-related susceptibility changes in a large, 

well-characterised cohort of participants with focal epilepsy. 

We demonstrate that susceptibility is elevated throughout 

the brain in epilepsy and aligns spatially with seizure onset 

zones. These elevations are not static; postictal scans reveal 

additional increases in susceptibility proportional to recent 

seizure activity. Importantly, increased susceptibility 

correlates with impaired memory and more severe depressive 

symptoms, underscoring its clinical relevance. By linking 

these changes to acute (seizure-related) and chronic 

(interictal) processes and identifying their associations with 

cognitive and affective function, our study suggests that iron 

accumulation may serve as a functionally relevant indicator 

of disease burden in epilepsy.

Implications of all the available evidence

This study uses quantitative susceptibility mapping to 

investigate seizure-related changes in brain iron, thereby 

refining our understanding of the anatomical distribution 

and clinical relevance of iron accumulation in epilepsy. Our 

findings suggest that Quantitative Susceptibility Mapping 

may serve as a non-invasive tool for assessing the anatomical 

localisation of epileptic activity and its broader systemic 

consequences. Beyond localisation, susceptibility-based 

imaging biomarkers could help quantify seizure burden and 

inform prognosis, particularly in relation to cognitive and 

psychiatric comorbidities. Consequently, with further 

validation Quantitative Susceptibility Mapping could 

potentially complement existing clinical and imaging 

modalities for epilepsy, providing valuable insights into 

epileptogenic mechanisms and downstream functional 

impairment.
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Methods
Participants

≥

≥

Ethics

Delineation of seizure onset zone

T1-weighted image acquisition

⋅

⋅ ⋅ ⋅

⋅
◦

⋅ ⋅

T1-weighted pre-processing

⋅ ⋅
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Susceptibility-weighted image acquisition

⋅

◦

⋅ ⋅ ⋅

Susceptibility-weighted imaging pre-processing

Quantitative susceptibility mapping

⋅

λ 

Neuropsychological testing
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Statistics

⋅ ⋅

QSM processing workflow. Raw phase images were unwrapped using three-dimensional path-based phase unwrapping, then local 

fields were extracted using the variable-kernel sophisticated harmonic artefact reduction (V-SHARP) algorithm. Final quantitative suscepti-

bility maps were computed with Morphology Enabled Dipole Inversion (MEDI) and are displayed on a scale from −0⋅2 to 0⋅2 ppm.

QSM processing comparisons. Top: Quantitative Susceptibility Maps using Morphology Enabled Dipole Inversion (MEDI). Bottom: 

Quantitative Susceptibility Maps using Total Generalized Variation (TGV). QSM are displayed on a scale from −0⋅2 to 0⋅2 ppm. From left to 

right: cavernoma, focal cortical dysplasia, hippocampal sclerosis, five healthy controls.
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⋅

Role of funders

Results
Study cohort

⋅

⋅

Group-wise comparisons

⋅ ⋅

⋅

⋅

Neuropsychological associations

⋅

≥ ⋅

Postictal cases
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Discussion

Group-wise comparisons of interictal susceptibility values. Group-wise comparisons between individuals with focal epilepsy and 

healthy controls. Glass’ delta of significant (P < 0⋅01, t-test) parcels are shown. (A) Venn-diagram of subgroups based on presumed seizure 

onset zone. (B) Group-wise comparison between all individuals with focal epilepsy (n = 80) and healthy controls (n = 50). (C) Group-wise 

comparison between individuals with a frontal presumed seizure onset zone (n = 33) and healthy controls (n = 50). (D) Group-wise 

comparison between individuals with a temporal presumed seizure onset zone (n = 62) and healthy controls (n = 50).
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Group Healthy 

controls 

( = 60)

All focal epilepsy 

( = 80)

Frontal ( = 33) Temporal ( = 62) Parietal ( = 4) Occipital 

( = 1)

Sex female; n (%) 24 (48%) 35 (43%) 9 (27%) 30 (48%) 2 (50%) 1 (100%)

Age; median (range) 28 (19–73) 31 (18–72) 29 (18–55) 30⋅5 (19–72) 30 (23–55) 30–34

Age at onset; median (range) n/a 14 (0–67) 12 (1–28) 14⋅5 (0–67) 12⋅5 (2–28) 25–30

Verbal memory; n, median (range) n/a 65/80, 93⋅22 

(55⋅25–110⋅04)

25/33, 97⋅95 

(66⋅54–109⋅36)

52/62, 91⋅52 

(55⋅25–110⋅04)

3/4, 97⋅95 

(79⋅62–98⋅65)

0/1

Figural memory; n median (range) n/a 67/80, 88⋅94 

(58⋅65–109⋅62)

25/33, 84⋅6 

(60⋅98–107⋅33)

54/62, 89⋅455 

(58⋅65–109⋅62)

4/4, 72⋅235 

(61⋅17–103⋅53)

0/1

Episodic memory; n median (range) n/a 60/80, 87⋅155 

(56⋅2–112⋅28)

19/33, 93⋅8 

(77⋅59–109)

49/62, 84⋅97 

(56⋅2–112⋅28)

4/4, 82⋅6925 

(69⋅07–98⋅48)

0/1

BDI; n median (range) n/a 60/80, 9 (0–45) 19/32, 8 (4–18) 49/62, 9 (0–45) 1/4, 41 (41–41) 0/1

Anti-seizure medication; median (range) n/a 5 (1–18) 5 (2–12) 5 (1–18) 5⋅5 (3–12) 3

MRI-negative; n (%) n/a 30 (41%) 20 (60%) 21 (33%) 1 (25%) 0 (0%)

Malformations of cortical development; n (%) n/a 19 (23%) 8 (24%) 12 (19%) 1 (25%) 0 (0%)

Hippocampal Sclerosis; n (%) n/a 10 (12%) 2 (6%) 10 (16%) 1 (25%) 0 (0%)

Low-grade epilepsy-associated tumours; n (%) n/a 8 (10%) 2 (6%) 7 (11%) 1 (25%) 0 (0%)

Vascular malformations; n (%) n/a 9 (11%) 4 (12%) 7 (11%) 0 (0%) 1 (100%)

Acquired gliotic lesions; n (%) n/a 15 (18%) 4 (12%) 13 (20%) 0 (0%) 0 (0%)

BDI: Beck’s depression inventory (high scores in the BDI indicate more severe depressive symptoms). In a subset of individuals, more than one structural lesion was present.

Demographics.
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Associations between interictal susceptibility values and neuropsychological tests. Regression coefficients of significant (P < 0⋅01, 

t-test) models shown per parcel. (A) Correlation with verbal memory (n = 63). (B) Correlation with figural memory (n = 65). (C) Correlation 

with episodic memory (n = 60). (D) Correlation with Beck’s depression inventory (n = 60).
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Individual interictal and postictal susceptibility maps. All susceptibility values are z-scored relative to healthy controls. Eight cases 

(A–H) are shown.
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∼

ID Age bin 

(years)

Sex Time Between 

seizure onset 

and mri 

(h:min)

Aetiology Seizure classification Semiology

1 35–39 F 1:50 Unknown Epilepsy with focal preserved consciousness seizures, 

focal impaired consciousness seizures, and focal-to- 

bilateral tonic-clonic seizures

Patient initially awake, lying in bed with eyes closed, 

sudden seizure onset characterised by: unformed 

vocalisations (ictal screaming), symmetric hyperkinetic 

movements, body rocking, facial flush (vegetative sign), 

patient leaves bed and exits the room, later observed 

sitting beside the bed: face not visible, altered 

awareness, abortive generalised clonic movements, 

patient stands up, then is assisted back into bed, 

postictal phase: unresponsive, eyes open, subsequently 

falls asleep, ECG: Ictal tachycardia with heart rate 

increasing from ∼90 bpm to approximately 150 bpm.

2 30–34 F 2:21 GAD65-antibody 

associated limbic 

encephalitis

Epilepsy with focal impaired consciousness seizures 

(with observable onset, automatisms)

Awake at onset, left hand on the abdomen, fixed gaze, 

dystonic posturing is observed in the right hand, 

accompanied by oral automatisms, followed by head 

and gaze deviation to the left—initially non-forced, 

becoming forced, culminating in a bilateral tonic-clonic 

seizure

3 30–34 M 5:19 Unknown Epilepsy with focal impaired consciousness seizures 

(impaired awareness, motor onset, hyperkinetic)

Waking up from sleep with a fixed stare, hyperkinetic 

movements of the left limbs (including throwing things 

around), unresponsiveness for 13 s, then responding to 

speech.

4 18–19 F 2:13 Structural (left temporal 

cavernoma)

Epilepsy with focal seizures (with observable onset, 

automatisms)

Onset of clinical symptoms 8 s after onset of seizure 

pattern in EEG. The patient begins to smile and moan. 

Oral automatisms occur. She speaks incoherently. 

Disturbances of consciousness.

5 18–19 M 1:21 Unknown Epilepsy with focal seizures (with observable onset) Behavioural arrest, nose wiping with the left hand, 

impaired reaction to speech.

6 30–34 M Unknown Structural (right frontal 

focal cortical dysplasia)

Epilepsy with focal seizures (with observable onset) Awake, hyperkinetic movements, pedalling for 35 s, 

immediately reorientated after the end of symptoms.

7 25–29 M 3:34 Structural (left frontal focal 

cortical dysplasia)

Epilepsy with focal preserved consciousness seizures 

(with observable onset, hyperkinetic)

Waking up from sleep by opening the eyes, stretching 

the legs, followed by hyperkinetic movements with 

rotation around the body axis by 90◦ to the left, then 

undirected movements of the limbs.

8 25–29 F 9:08 Structural (left 

hippocampal sclerosis)

Epilepsy with focal impaired consciousness seizures 

(with observable onset, automatisms)

Oral automatisms occurring during sleep, including 

smacking and unformed vocalisations, dystonic hand 

posture on the right side, and impaired consciousness 

without verbal or nonverbal response.

ECG: electrocardiogram, EEG: electroencephalogram.

Overview over postictal cases.

Articles

www.thelancet.com Vol 122 December, 2025 11



Contributors

Data sharing statement

Declaration of interests

Acknowledgements

Appendix A. Supplementary data

References

Articles

12 www.thelancet.com Vol 122 December, 2025



Articles

www.thelancet.com Vol 122 December, 2025 13



Articles

14 www.thelancet.com Vol 122 December, 2025


