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Abstract

Brain magnetic resonance imaging (MRI) is widely used as a diagnostic and monitoring tool for most neurological
conditions. Although clinical practice produces large volumes of data, they are typically underutilised for training machine
learning models that could substantially improve the feasibility, accuracy, and implementation of diagnostic tools in
clinical settings. Instead, such models are usually trained on small, highly curated datasets and evaluated under controlled
conditions, which limits their generalisability to the variability of real-world clinical imaging. This limitation is also
reflected in publicly available datasets. And, it is particularly evident in epilepsy-related abnormalities, for which such
datasets are scarce.

The PMG-BrainDrugs dataset is the first open polymicrogyria (PMG) dataset including patients across the full age
range. PMG is a malformation of cortical development characterised by abnormal cortical layering. The associated
abnormalities are heterogeneous and can sometimes be difficult to detect.

The dataset is comprised of 208 subjects, including 119 patients with radiologically confirmed PMG and 89 controls with
negative findings. Each scanning session may include several anatomical imaging modalities (T1-, T2-, and T2*-weighted,
or FLAIR sequences). For 27 subjects, 2 or 3 time points are available. The release of this dataset includes minimally
processed data (with only defacing applied) as well as masks of PMG abnormalities. The dataset is available at DOI:
10.70883/GBSQ9852.

This dataset aims to bridge the gap between curated research datasets and the variability encountered in routine clinical
practice. In doing so, it offers a valuable resource for developing and evaluating more robust and generalisable methods
for the detection of PMG and related cortical malformations.
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1. Background However, there remains a lack of datasets that provide

clinical-grade data. Most publicly available neuroimaging
Data sharing of medical imaging data is an important aspect datasets consist of data collected for specific research pur-
of current open science practices (Gorgolewski et al., 2016). Poses, where image quality and acquisition protocols often
In the field of neuroimaging in particular, the research differ from those used in clinical practice (Marcus et al.,
community has strongly embraced data-sharing initiatives. 2010; Petersen et al., 2010; Miller et al., 2016). As a result,
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many current machine learning algorithms for detecting med-
ical neuropathologies are trained either on research-grade
data or on relatively small in-house clinical datasets. This
discrepancy, often referred to as domain shift, represents
a major challenge for deploying machine learning tools in
real-world clinical settings. To begin addressing this limita-
tion, we present a brain magnetic resonance imaging (MRI)
dataset acquired during routine clinical practice, specifically
in cases where patients were suspected of epilepsy. In par-
ticular, the dataset includes a cohort of patients diagnosed
with polymicrogyria (PMG).

PMG is a common malformation of cerebral cortex de-
velopment characterised by excessive folding and abnormal
cortical layering (Severino et al., 2020). Epilepsy is consid-
ered the most common clinical consequence of PMG, which
occurs in 65-87% of cases (Leventer et al., 2010). PMG is
a frequent finding in patients with drug-resistant epilepsy
and is often associated with neurodevelopmental delay, mo-
tor deficits, and cognitive impairment. Despite its clinical
relevance, PMG remains challenging to study systematically
due to its heterogeneous presentation, variable anatomi-
cal distribution, and limited availability of neuroimaging
datasets.

MRI plays a central role in the diagnosis and charac-
terisation of PMG, enabling non-invasive assessment of
cortical morphology and lesion extent (Kolbjer et al., 2023).
However, radiological presentation of PMG is often subtle
and requires expert interpretation, especially in cases with
mild or atypical features. Automated or semi-automated
computational approaches for PMG detection and quantifi-
cation are emerging, but their development is hindered by
the lack of publicly available, annotated clinical datasets
(Zhang et al., 2024; Rauch et al., 2025).

To date, only one PMG dataset has been made publicly
available (Zhang et al., 2022). It consists of 23 pediatric
PMG cases, which are shared as 2D image slices in JPEG
format, instead of 3D volumes. The different slices are
labelled according to the presence of abnormality, normal
appearing or uncertain. However, no delineation of the
abnormalities themselves is available.

To address this gap, we present and release PMG-
BrainDrugs, a curated dataset of clinical brain MRI scans
from patients, both pediatric and adult, screened for epilepsy
within the Capital Region and Region Zealand in Denmark
between 1998 and 2023. PMG-BrainDrugs includes brain
MRI scans from 208 patients suspected of epilepsy, with
radiology report-based annotations identifying 119 subjects
with PMG and 89 no-PMG controls. For each PMG subject,
at least one abnormality segmentation mask is provided.
The data is structured according to the Brain Imaging
Data Structure (BIDS) format (Gorgolewski et al., 2016),
an open standard designed to facilitate MRI data sharing.
The image data is published on the platform PublicnEUro

(https://publicneuro.eu/), a GDPR-compliant data-
sharing site where access is granted only under a data usage
agreement (DUA).

With the publication of this dataset, we aim to shed
light on the characteristics of real-world, clinically acquired
brain MRI data, highlighting both its strengths and limi-
tations. The inclusion of diverse MRl modalities per case,
variable numbers of scanning runs, and heterogeneous ac-
quisition protocols reflects the variability inherent in clinical
imaging. This makes PMG-BrainDrugs valuable not only for
pathology-specific research but also for studies focused on
MRI harmonisation, robustness testing, and domain adap-
tation across clinical settings. Importantly, this resource
offers a unique opportunity to advance computational neu-
roimaging research in epilepsy and cortical malformations,
particularly PMG in all age ranges. PMG-BrainDrugs can
be used to train and validate machine learning models for
PMG detection, support studies on cortical morphology and
lesion distribution, and enable reproducible benchmarking
of surface-based and volumetric analysis pipelines. By trans-
forming heterogeneous clinical MRI scans into a structured,
annotated resource, PMG-BrainDrugs makes clinical neu-
roimaging accessible for open science, reproducible research,
and translational applications in epilepsy.

2. Summary

PMG-BrainDrugs contains brain MRI scans from 208 pa-
tients suspected of epilepsy, including 149 scanning sessions
confirmed to present PMG and 92 that serve as no-PMG
control cases. For each patient, at least one time point
with a full clinical protocol consisting of a single or mul-
tiple sequences is provided. The available sequences per
study vary in number and type, always containing at least
one of the following anatomical sequences: T1-weighted
(w) MPRAGE, T2-w, fluid attenuated inversion recovery
(FLAIR), and T2*-w. All scans have been curated and
de-identified. Figure 1 shows examples of different subjects
and modalities included in the dataset. Binary PMG abnor-
mality masks aligned with the T1-w, whenever available,
if not, with T2-w or FLAIR sequences, are included for
every PMG subject. Note, there are two different types of
masks provided: 1) manual masks that are lesion masks
with region-level accuracy and 2) pseudo-masks derived
from FreeSurfer cortical parcellations, corresponding to the
cortical regions containing the lesion. Both masks were
based on the existing radiological reports.

Taken together, this dataset is designed for supervised
machine learning tasks, including binary classification of
PMG abnormalities in brain MRI. With the addition of le-
sion masks, it could also be used for the segmentation of
cortical abnormalities. The clinical nature of this dataset,
together with the availability of multiple runs and sequences,
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Figure 1: Example of a central axial slice taken from polymicrogyria cases from the PMG-BrainDrugs dataset. (a)
sub-EP026898_ses-001_T1w, (b) sub-EP026898 ses-001_FLAIR, (c) sub-EP013035_ses-001_T1w, (d) sub-EP013035_ ses-
001_ce-gd_T1lw (with gadolinium contrast), (e) sub-EP037840_ses-001_T1w, and (f) sub-EP037840_ses-001_T2w.

Notably, the image quality differs as well as the level of abnormality.

provides real-world heterogeneity for algorithm development
and benchmarking, with potential applications in clinical
settings. Importantly, PMG-BrainDrugs is BIDS-compliant,
which aligns with the FAIR (Findable, Accessible, Interoper-
able, Reusable) principles. The range of potential machine
learning applications supported by this dataset, combined
with the provision of minimally processed data, allows fu-
ture users to apply preprocessing steps best suited to their
specific use cases.

The PMG-BrainDrugs dataset is structured in BIDS for-
mat and composed of open imaging (NIfTl) and metadata
(JSON) format files, requires no proprietary software, and
can be viewed and analysed with any open neuroimaging
software.

3. Discussion

The PMG-BrainDrugs dataset fills a critical gap in the avail-
ability of brain MRI data for epilepsy research, specifically
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cortical malformations such as PMG. More importantly,
it represents a step towards publicly available, real-world
datasets acquired in clinical practice that reflect the di-
versity, quality, and acquisition heterogeneity needed to
develop machine learning algorithms for feasible future clin-
ical implementation.

Even though the dataset comprises data acquired using
scanners from different vendors, it is worth noting that it is
limited to a specific population and to centers located within
the same regions in Denmark. This limitation raises con-
cerns regarding geographic and demographic bias. Addition-
ally, machine learning models trained on this dataset may
generalise less well to data acquired using under-represented
scanner configurations, as 3T Siemens scanners constitute
the predominant scanners in the cohort.

Data access is regulated and can only be used follow-
ing the conditions in the DUA that needs to be signed
before accessing the data, notably no re-distribution or
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re-identification, among other clauses is allowed (see DUA
document for more explicit usage and terms).

Based on the same parent cohort, BrainDrugs work
package 5 (WP5), we plan to release and make publicly
accessible additional datasets focusing on other specific
epilepsy-related focal malformations. To our knowledge,
this is the first large publicly available PMG dataset. We
believe it will benefit researchers in the field, as well as
those interested in real-world clinical MRI scans.

4. Data Availability

4.1 Data Location

The dataset has been shared on PublicnEUro and is avail-
able at DOI: 10.70883/GBSQ9852 (Coll et al., 2026). To
access the data, one must register on publicneuro.eu, where
identities are verified (depending on user availability, expect
a 1-day to 1-week delay). Once the identity is verified,
users can request data. For this specific dataset, a DUA
must be signed and re-uploaded, and approval from the
data controller’s legal team is required (1-2 weeks). Note
that for users outside the EU or adequacy countries, institu-
tional signing of the EU standard contractual clauses is also
mandatory by law (Comission, b). After the documents
are signed and approved, users receive a link to the data
download via browser or command line.

4.2 Potential Use Cases

The PMG-BrainDrugs dataset offers several potential appli-
cations in machine learning, particularly in epilepsy research:

» PMG vs no-PMG classification algorithm. The dataset
may support the development and benchmarking of su-
pervised algorithms for the detection and classification
of PMG in brain MRI against patients who are suspected
of epilepsy, rather than healthy controls.

» PMG-related cortical abnormalities segmentation. With
the inclusion of lesion annotations (masks), the dataset
could facilitate the development of automated segmenta-
tion methods for cortical malformations associated with
PMG.

In addition, the dataset enables broader applications in
brain MRI research such as:

» Modality synthesis. The availability of multiple MRI
acquisition modalities for some patients, together with
missing modalities in others, enables the exploration of
modality synthesis and image-to-image translation ap-
proaches.

» Domain adaptation. The heterogeneity in acquisition
protocols, scanner vendors, field strengths, and image

quality may support research in domain adaptation and
generalisation methods for robust clinical Al applications.

4.3 Licensing

PMG-BrainDrugs is shared under a DUA. The data pre-
sented are considered personal data and therefore fall un-
der the EU General Data Protection Regulation (GDPR)
(Comission, a). The DUA s also listed on the dataset
webpage for convenience (see DUA terms). Data access
is free as the data owners pay PublicnEUro for hosting of
their data. Commercial usage is allowed, but needs to be
approved beforehand.

4.4 Ethical Considerations

The PMG-BrainDrugs dataset was collected across different
centers included in the Capital Region and Region Zealand
in Denmark. The dataset spans a wide age range, including
children from 1 years of age. The dataset is shared on
PublicnEUro via DTU computerome, a Danish data center
with full GDPR and NIS2 compliance. The dataset stored
in PublicnEUro is version-controlled, and any updates are
recorded via new versions and DOls.

Ethics approval for data collection has been granted
by the relevant ethics committees (CVK-2112460), and
approval for data processing has been given by the Danish
Data Protection Authorities. This data can be shared under
public service as a legal basis, as recognised by the Dan-
ish Data Authority, following the GDPR of the European
Union. While the risk of re-identification is low, the data
presented can only be pseudonimised according to the Dan-
ish Data Authorities and is therefore considered personal
data. As personal data, they fall under the EU GDPR, and
are therefore shared under a DUA. Sharing under DUA for
neuroscientific research is in line with the ethics approval
for the project under which this data was acquired.

To ensure pseudonymisation, facial features were re-
moved from the MRI scans using pydeface (Omer Faruk
Gulban et al., 2026). Personal patient information contained
in the raw DICOM files was removed. The accompanying
JSON files contain MRI acquisition metadata, following the
BIDS format standards.

A statement of intended use is described in the DUA,
shared together with the dataset in PublicnEUro (see DUA
terms). Fundamentally, the data must only be used for
purposes of medical and cognitive neuroscience research,
consistent with the purpose for which the data were col-
lected.

5. Methods
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5.1 Data collection

Data collection was performed within the BrainDrugs ini-
tiative!. The BrainDrugs WP5 cohort is a retrospective
study that includes all persons with epilepsy and suspected
epilepsy in the Sundhedsplatform, the Danish health sys-
tem platform, identified by ICD-10 codes DG40* and/or
DZ033A in the Capital Region and Region Zealand in Den-
mark, from 1998 up to December 2023. Due to a change
of electronic health system in 2016, most data is from the
period 2016 to 2023.

Within the BrainDrugs WP5 cohort, the PMG-BrainDrugs
inclusion criteria were the identification of PMG abnormali-
ties mentioned in the radiology reports associated with a
brain MRI. Pre-selection of PMG cases was performed by
searching on pseudo-anonymised radiology report free-texts
for patterns matching "polymicrogyria”, "polymikrogyri”,
or "pmg"”. The initial selection based on regular expres-
sions was manually reviewed by a medical doctor (MP)
and a medical student (HK) supervised by a board-certified
neurologist specialised in epilepsy (LP) to confirm whether
each case represented a true PMG or not. Discrepant or
complex cases were discussed until consensus was reached.
Cases labeled as No-PMG do not imply the absence of
epilepsy, but rather that the detected abnormality was not
PMG. Additional labels such as "resection” or "other pathol-
ogy present” were also recorded. An overview of the data
collection flowchart is shown in Figure 2.

5.2 Population

The final PMG-BrainDrugs dataset is comprised of 208
patients (106 female, 102 male), of whom 27 had multiple
scanning sessions, resulting in a total of 241 sessions (see
Figure 3 for the distribution of subjects with multiple time-
points within the dataset). These include 149 labeled as
PMG (58 female, 61 male) and 92 as No-PMG (48 female,
41 male). For PMG cases, the mean age (+ standard devia-
tion) at the time of MRI was 23.8 & 17.2 years, and 24.7 +
19.8 years for No-PMG cases (see Figure 4 for the age-sex
distribution). For individual details on each patient and
scanning session, we refer the reader to the participants.tsv
file shared with the dataset.

5.3 Data acquisition

MRI scans were acquired using various scanners available
within the Capital Region and Region Zealand in Denmark
from different manufacturers and scanner models, including
Siemens (81%), Philips (15%), and GE (4%). Most scans
were performed at 3 T (81%), with the remainder at 1.5
T (19%). During the study period, diverse MRI protocols
were used. Most scanning sessions included T1-w (96%),

1. https://braindrugs.nru.dk/
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Population suspected of epilepsy coded
DG40* and/or DZ033A
(43,145 Subjects)

v

Regular expression matching
"polymicrogyria”; " polymikrogyri”; “pmg”
(248 Sessions / 215 Subjects)
l I
N I

Manual review

154 Sessions / 94 Sessions / V|sualqua||tycontrol """
124 Subjects 91 Subjects (after defacing)
—— - Corrupted (cropped
: T FOV, acquisition
149 Sessllons / 92 Sess!ons / . artifacts, defacing fail)
119 Subjects 89 Subjects !~ Non-brain (e.g., spine)

| |
}

PMG-BrainDrugs Dataset
241 Sessions/
208 Subjects

Figure 2: Flowchart illustrating the inclusion and exclusion
processes of acquisition sessions and subjects included in
the PMG-BrainDrugs dataset per group: polymicrogyria
(PMG) and non-polymicrogyria (No-PMG).

Table 1: Overview of the most common MRI acquisition pro-
tocols, scanned with a 3T Siemens Verio (Siemens Health-
care GMBH, Erlangen, Germany) at Hvidovre Hospital,
Copenhagen.

‘ T1 MPRAGE T2w FLAIR T2*
TR [ms] 1900 6180 5000 28
TE [ms] 2.23 79 305 20
TI [ms] 900 - 1800 -
Flip angle [°] 9 120 120 15
Voxel spacing [mm?3] 1x1x1 3x3x3.3  1IxIx5 1.2x1.2x6

T2-w (87%), and FLAIR (92%) sequences, and a smaller
percentage also had T2*-w (22%). The number of runs per
sequence varied from 1 to 3. In 56% of sessions, gadolinium
contrast was administered, typically corresponding to the
second run of the T1-w acquisition. The most common
acquisition parameters for each sequence are summarised
in Table 1. An overview of the availability of sequences
for each subject is included in the top-level participants.tsv
file. Detailed sequence parameters are available for all
acquisitions in the anonymised JSON files accompanying
each scan, following BIDS standards.
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Figure 3: Overview of the subjects and their available
timepoints across sessions in PMG-Braindrugs. Each dot
represents a unique subject and is coloured by the subject’s
age at acquisition. Individual subject identifiers are not
displayed due to the large sample size. Additionally, the
availability of manual or pseudo-masks is indicated by the
marker shape.

5.4 Data preprocessing and organisation

MRI data were converted from DICOM to NIfT| format
using demZ2niix (Li et al., 2016), and organised according
to the BIDS standard (Gorgolewski et al., 2016).

All MRI data are provided in the recommended NIfTI
format (.nii.gz) along with anonymised JSON files contain-
ing MRI acquisition parameters, ensuring all identifiable
metadata is removed. The top-level BIDS directory in-

80 Sex

B Female
70 mmm Male

PMG

No PMG

Figure 4: Demographic distribution of sex and age at acqui-
sition, grouped by PMG and No-PMG labels for the cases
included in the PMG-BrainDrugs dataset. The samples are
considered per acquisition session rather than per unique
subject, since age at acquisition varies amongst them.

cludes essential files such as dataset_description.json, which
describes the dataset, and a README, offering additional
context. The participants.tsv file contains demographic in-
formation about the subjects, with participants.json defining
column descriptions and possible values. Missing informa-
tion is marked as “n/a", following BIDS conventions.

Patients are identified as subjects with a unique identifier
and assigned individual folders, i.e., sub-EPxxxxxx. Each
subject folder contains session folders numerically indexed
and chronologically ordered (e.g., ses-001, ses-002), where
all imaging data is stored. MRI sequences (NIfTI files)
are located within the nested anat folder, accompanied
by a corresponding sidecar JSON file containing metadata.
Different acquisitions of the same sequence in the same
session are named in accordance with the BIDS format with
the respective run- number.

To ensure anonymisation, facial features were removed
using pydeface (Omer Faruk Gulban et al., 2026). After
defacing, all images were visually inspected to ensure ad-
equate anonymisation and preservation of brain anatomy.
In total, 193 sequences were discarded, including 31 due to
failed defacing. Additional exclusions were due to cropped
field of view, uncorrectable acquisition artifacts, or scans
that were in fact of the spine. The retained dataset may still
contain typical acquisition artifacts (e.g. motion-related
effects), although the most severe cases were removed dur-
ing quality control. As the data comprise clinical cases,
further limitations include the presence of large ventricles,
substantial anatomical abnormalities, or prior resections,
which may challenge standard structural MRI preprocessing
pipelines.
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"Right-sided perisylvian polymicrogyria."

"Polymicrogyria in the right temporoparieto-occipital
region."

Figure 5: Examples of segmentation masks. (a) Manual segmentation delineated by a neuroradiologist on the axial
plane. Two different slices from the same case are shown. (b) Pseudo-mask generated using the cortical parcellation and
regions described in the radiology reports. For both cases, the conclusion of the radiology report is also shown, with the
location of the abnormality translated from the original Danish report.

The derivatives folder contains pseudo regional masks
for 31 positive PMG cases, under the "pseudo_masks” subdi-
rectory, and manual PMG masks for the remaining positive
cases, in "manual_masks”. Manual annotation of PMG
abnormalities was performed by a neuroradiologist (AS)
with 9 years of experience, 4 of which as a neuroradiology
specialist. 3D Slicer (Fedorov et al., 2012) was used for
annotation, using a customised module developed to facil-
itate the handling of BIDS formatted data (Available at:
https://github.com/suliciac/BIDSIterator). The
3D annotations were delineated in the axial plane. Addition-
ally, radiology reports were provided to the neuroradiologist
responsible for the manual segmentation (AS) to guide
the delineation process. Both manual and pseudo-mask
filenames include the BIDS space- entity, which indicates
the scan used as the reference space to delineate on top of.
FreeSurfer recon-all-clinical (Gopinath et al., 2025) outputs
are also provided for the 31 cases where pseudo-masks are
provided under the folder "recon-all-clinical™.

6. Validation
6.1 General quality of data

Overall, the data quality was rated as acceptable after vi-
sual inspection. It was first assured that the field of view
comprised the complete brain, that there were no strong
motion artifacts, and that there were no obvious field inho-
mogeneities (see Figure 6 for examples of excluded cases).
The quality review was intentionally designed to resemble a
visual quality review by a clinical neuroradiologist to ensure
realism of the dataset. To create a benchmark dataset
that was as close to reality as possible, MRI sequences that
contained, e.g., slight motion artifacts were included. It is
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noteworthy that the defacing tool used (Omer Faruk Gul-
ban et al., 2026) is a standard algorithm in structural MRI
preprocessing. However, it was not designed for clinical
data and therefore has failed in some cases, particularly in
younger subjects, where intensity distributions differ from
those in adult populations, and brain sizes, of course, di-
verge. Hence, after defacing, all images were again visually
inspected to verify that the defacing process was success-
ful. If defacing failed, the scan or even the subject was
removed from the dataset to respect the legal requirements
for sharing. The dataset conforms to BIDS standards, and
its validity was checked using the BIDS Validator v1.15
(Appelhoff et al., 2026).

Figure 6: Examples of cases excluded during visual quality
control, such as cropped field of view and acquisition arti-
facts.

6.2 Manual masks

Manual masks delineated by a neuroradiologist, although
increasingly difficult to obtain nowadays, remain the gold
standard in most neuroimaging cohorts. In this study, no
formal written annotation protocol was used. Instead, an-
notations followed standard neuroradiological practice, with
the neuroradiologist having access to all available MRI se-
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quences to delineate the full extent of the PMG lesion.
Although multiple sequences were available, the segmenta-
tion mask was delineated exclusively on a single reference
scan. Radiology reports were also available as a clinical
reference to corroborate or refine imaging findings but did
not replace expert visual assessment.

Segmentation of PMG is particularly challenging due to
variability in cortical morphology, overlapping pathologies
(including pachygyria and gray matter heterotopia), and
partial-volume effects on 2D T2-w and FLAIR sequences
(whenever T1-w was not available for annotating), which at
times obscured clear anatomical boundaries. In cases of co-
existing malformations, the neuroradiologist relied on expert
visual assessment to approximate lesion extent, acknowl-
edging inherent ambiguity in defining transitions between
abnormal tissue types. This labour-intensive process reflects
the complexity and real-world heterogeneity of the dataset,
underscoring its clinical realism. An example of how these
annotations look like is shown in Figure 5(a).

6.3 Pseudo-regional masks

For 31 randomly selected PMG cases, pseudo-regional masks
were derived from radiology report annotations. Cortical
regions associated with PMG were independently identified
by a medical student (HK) and a physicist (MG) with 15
years of experience in brain MRI based on the anatomical de-
scriptions provided in the radiology reports. The annotators
(HK, MG) were instructed to identify the cortical regions
corresponding to the reported PMG location. Their annota-
tions were compared and reconciled through discussion until
an agreement was reached. Three additional scans, each
already containing a first session, were intended for pseudo-
annotation. However, as they are post-surgical scans, their
masks were excluded. For each PMG-labeled patient, the
first available T1-w sequence was used to perform surface
reconstruction using FreeSurfer (Gopinath et al., 2025).
From the resulting Desikan-Killiany-Tourville (DKT) atlas
parcellation, the cortical regions identified in the radiology
reports were extracted to generate pseudo-regional masks,
representing the anatomical regions associated with each
PMG case.

These pseudo-masks, generated from anatomical infor-
mation derived from radiology reports, constitute an inde-
pendent representation of lesion localisation at the cortical-
region level. An example of how these pseudo-annotations
look like is represented if Figure 5(b).
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