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Recently, imaging investigation of brain development has increasingly captured the attention of
researchers and clinicians in an attempt to understand the link between the brain and behavioral
changes. Although high-field MR imaging of infants is feasible, the necessary customizations have
limited its accessibility, affordability, and reproducibility. Low-field MR, as an emerging solution for
scrutinizing developing brain, has exhibited its unique advantages in safety, portability, and cost-
effectiveness. The presented low-field infant structural MR data aims to manifest the feasibility of using
low-field MR image to exam brain structural changes during early life in infants. The dataset comprises

: 100T2 weighed MR images from infants with in-plane resolution of ~0.85 mm and ~6 mm slice

. thickness. To demonstrate the potential utility, we conducted atlas-based whole brain segmentations

: and volumetric quantifications to analyze brain development features in first 10 week in postnatal life.

. This dataset addresses the scarcity of a large, extended-span infant brain dataset that restricts the

. further tracking of infant brain development trajectories and the development of routine low-field MR
imaging pipelines.

. Background & Summary
© The study of the developing brain has become a critical field as early brain development lays the foundation
- for motor, cognitive, emotional, and social functioning throughout life’>. Perturbations during this crucial yet
. vulnerable period can impede normal development and lead to a spectrum of psychiatric disorders with lifelong
. impacts®”. Exploring these intricate changes in developing brain enhances our understanding of the mecha-
: nisms driving brain maturation, the origins of neurodevelopmental disorders, and the appropriate methods and
* timing for interventions, thereby advancing both brain science and infants” healthcare.
: Magnetic Resonance Imaging (MRI), as a powerful non-invasive imaging technique, is extensively utilized
. to visualize structural changes in the developing brain. Structural MRI has revealed significant differences
© between the infant brain and that of adults®. Longitudinal studies have quantified substantial volume growth
in the whole brain and various brain regions, along with notable sexual dimorphism and hemispheric asym-
. metry”'°. Furthermore, more advanced MRI sequences disclose distinct asymmetry patterns across different
© brain regions'". In follow-up studies of preterm infants, lesions and reduced white matter volume are commonly
. observed'. Although conducting high-field MRI scans on infants is feasible, it requires specialized modifica-
© tions to the coils and sequences, alongside additional monitoring to ensure imaging safety and quality'*-'*. These
. requirements pose challenges to patient accessibility and limit the reproductions across different institutions.
: Recently, low-field MRI has gained renewed interest for imaging the developing brain with improved accessi-
* bility affordability and coziness. Low-field MRI systems with permanent magnets design offer smaller footprint,
. significantly lowering the prerequisite for cost, space, power supply and facilitating installation within neonatal
intensive care units (NICUs)!®'7. The low-field MRI also minimizes the risks related to noise, specific absorption
. rate (SAR), and transportation, providing a more favorable environment for infant, especially for those born
© preterm!*181°_ A study focusing on pediatric neuroimaging with low-field MRI has been conducted on children
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Week1l |Week2 |Week3 |Week4 |Week5 |Week6 |Week7 |Week8 |Week9 | Week10 | Total
Male 5 4 5 8 4 3 2 3 8 4 46
Female |2 7 5 6 3 7 6 8 5 5 54
ESS 0 2 4 2 2 1 2 1 4 3 21

aged 6 weeks to 16 years and yielded volumetric results comparable to those from 3 T counterparts®. Another
low-field MR deployed within NICU successfully imaged 14 neonatal inpatients aged 1-122 days with visible
intracranial pathology*'. The sound applications of low-field MRI in pediatric have illustrated its potential as a
viable tool to advance our knowledge in neurodevelopment and enhance clinical diagnosis.

The largest MRI dataset for investigating brain development across the perinatal period is from Developing
Human Connectome Project ({HCP)?*?*.The dataset includes 3 T MRI scans of neonatal and fetal brains, rang-
ing from 26 to 45 weeks post-menstrual age (PMA). For low-field MR, efforts have been made to gather dataset
to study brain injuries in newborn infants?!, and comparison of clinical performance of paired low-field and
high-field MR*. However, we found that the majority of available data is concentrated within the first three
weeks post-delivery, with limited data beyond this period, as most infants being discharged from NICU after
the first month?. This paucity of large, extended-span datasets without signs of abnormalities restricts further
tracking of brain development trajectories and the development of routine pipeline of low-field MR.

To address this need, we introduce a low-field brain MR dataset of infants aged 1 to 70 days. This dataset
comprises brain scans from 100 infants, with each scan containing 14 to 16 axial slices in T2-weighted contrast.
All images were obtained using a 0.35 T low-field MRI system specifically designed for infant brain imaging.
This study aims to explore the feasibility of using low-field MRI to elucidate the trajectory of infant brain devel-
opment during early life through week-by-week volumetric analysis. Together, we outline the methods used in
analysis and highlight its potential value in tracking longitudinal changes in rapidly evolving infant brains.

Methods

Demographic information. This study was approved by the Medical Ethics Committee of Children’s
Hospital (Approval Letter of IRB/EC, 2023-IRB-0287-P-01) and waived the need for written informed consent
from patients, as long as the data of the patient remained anonymous. Ethics approval for the publication of this
dataset has been obtained. Subjects accepted 0.35 T MRI as part of differential diagnosis to rule out cerebral
complication, consequently, sedation was used during imaging for clinical assessment purpose®”?. The inclu-
sion criteria for the study were:(a) subject’s chronological age between 0 to 70 days; (b) Radiologist’s assessment
indicating no visible abnormalities on MRI; (c) Radiologist’s diagnosis of mild encephalopathy of prematurity
(ESS). The exclusion criteria were:(d) Presence of congenital malformations or syndromes; (e) Brain disorders
attributable to various etiologies; (f) Acquired punctate or focal lesions; (g) MRI artifacts too severe to be cor-
rected; (h) Diagnosis suggesting a genetic or hereditary disorder; (i) Absence of T2-weighted imaging scans; (j)
Preterm birth.

In this dataset, 54 female and 46 male Chinese infants without visible pathological alteration were scanned
between Nov 9, 2022 and Sept 28, 2023 in Children’s Hospital of Zhejiang University School of Medicine. The
chronological age of included subjects ranged from 1 to 70 days (Male subjects’ chronological age 36.72 & 19.28,
female subjects’ chronological age 33.90 £ 20.59). The detailed demographic information is presented in Table 1.

Image acquisition. All MR images were acquired by a 0.35 Tesla open bore permanent magnet MR scanner
specifically optimized for neonatal/postnatal brain imaging(NIDO, Jiangsu Lici). High resolution 2D axial T2
weighted images were acquired by an optimized fast spin echo(FSE) sequence with TR=5,021 ms, TE =152 ms,
echo train length = 16. High resolution planes were acquired along axial axis with in-plane resolution equal to =
0.82 % 0.82 mm’” or 0.89 x 0.89 mm’, matrix size =256 x 256, FOV =210 x 210 mm’ or 230 x 230 mm’. Due to the
increasing brain size in first ten weeks of postnatal life, 14 to 16 axial slices were scanned to ensure the coverage of
infant brain, with slice thickness being 6 to 7 mm. The total scan time of T2 FSE sequence was within 2 minutes.
Subjects accepted 0.35 T MRI as part of differential diagnosis to rule out cerebral complication. All neonates
received 50 mg/kg oral or enema chloral hydrate 30 min before scanning. Ear protectors were used for protection.
The noise level during FSE T2W sequence was below 65 dB. The specific absorption rate was closely monitored
during the scan to ensure a maximum limit of 0.026 watts per kilogram.

Data processing. The original DICOM file, exported from the scanner console, was de-identified, and con-
verted to NIFTI format in the neurological orientation, with left side of image corresponding to left side of patient
body. Then, the N4 bias field correction algorithm?®® was applied to normalize non-uniform intensity within the FOV.

Manual segmentation on each image was conducted by experienced radiologist to segment the brain mask,
using the Medical Imaging Interaction Toolkit (MITK)*. Individual brain mask maintains the same matrix size
and spatial orientation information as the T2w images.

To extract segmentations of brain structures, an atlas-based segmentation method with a three-stage
multi-scale registration process in ANTs(default configuration, including rigid, affine, and SyN)*!*? was used.
First, the individual upsampled image was registered to the atlas space and the transformation profile between
the individual and atlas space was estimated. Next, the atlas and tissue probabilities were inverse transformed to
the individual space, aligning them with the T2w images. Finally, an expectation-maximization algorithm?®*3
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Fig. 1 Image quality assessment of dataset. (a) SNR) analysis of the 0.35 T low-field MRI data. Images
were presented in neurological orientation with R and L indicate right and left side of patient body position.
(b) Distribution of SNR. (c) CNR analysis of the 0.35 T low-field MRI data. (d) Distribution of CNR.

was employed to derive whole brain segmentations from the inverse-transformed tissue probability maps.
Quantitative volumetric analysis was condcuted for the selected ROIs, including: white matter, gray matter,
lateral ventricle, thalamus, caudate, putamen, pallidum, hippocampus, amygadala and accumbens.

Atlas generation. To build spatiotemporal developmental brain atlas for each week, a symmetric group-wise
registration method was utilized to map populations to a common space®. In each week, 7-10 subjects were used
as the input to create week-wise templates.

Linear regression and statistical comparison. The volume of interested ROIs were calculated based on
the whole brain segmentation. To examine brain symmetry, corresponding ROIs in the left and right hemispheres
were measured separately and the linear regressions were compared. To investigate sex dimorphism in brain
volume growth over time, linear regression analyses were performed for male and female subjects independently.

Data Records

The dataset is available at the Science Data Bank?®. The raw data of each subjects are stored in NIFTI format in
neurological orientation and organized following brain imaging data structure(BIDS)*. The manual segmenta-
tion of brain mask and derived whole brain segmentation files were stored in separate folders under /derivates.
The N4 bias field corrected image and estimated bias field were stored in /derivates/N4. For each subject, a good
initial transform file between individual space and M-CRIB atals*® were provided in /derivates/initial_trans-
formed to facilitate registration. The subjects’ gender and age information was documented in participaint.tsv.

Technical Validation

Image quality assessment. To demonstrate the signal quality of the low-field MRI data, we calculated the
signal-to-noise ratio and contrast-to-noise ratio in each subject. The SNR of images were measured by calculating
the mean signal divided by the standard deviation of noise*® (Fig. 1(a)). ROI of size 80 x 80 was selected at the
center of each image, while four noise ROIs of size 30 x 30 were selected at the corners. The resulting SNR distri-
bution is plotted in (Fig. 1(b)), with average SNR of dataset being 25.29 & 6.42. The CNR of images were measured
by calculating the mean differences between gray matter and white matter divided by the standard deviation of
noise*® (Fig. 1(c)). Masks of gray matter and white matter were conducted by the atlas-based segmentation, same
four noise ROIs as those in SNR calculation were used. The resulting SNR distribution is plotted in (Fig. 1(d)),
with average SNR of dataset being 2.77 - 1.33.

Demonstration of preprocessing and atlas-based segmentation. To demonstrate the 0.35T neo-
natal brain MRI data have sufficient data quality to support the automatic atlas-based segmentation, we pre-
sented a step-by-step illustration of a representative patient in workflow (Fig. 2). The low-field T2w image still
provided enough tissue contrast and structural information for robust registration using mutual information
metric (Fig. 2(f-h)), despite the reduced SNR and image resolution due to the nature of low-field MRI scanner.
To obtain the whole brain segmentation for volumetric analysis, the tissue probability maps attached with tem-
plate were inverse transformed from template space to individual space respectively (Fig. 2(i-j)), followed by the
expectation-maximization step to estimate the segmentations (Fig. 2(k)). All registration and inverse transform
steps were visually inspected to ensure the individual space images were registered to template correctly.

Demonstration of neonatal brain tissue segmentation. We presented representative brain tissue seg-
mentations from 10 subjects in each age group (Fig. 3). The quality of the automatic brain tissue segmentations
was visually inspected and confirmed by experienced radiologist. The results demonstrated that the data quality
from the 0.35 T scanner is sufficient to support stable and convincing whole brain segmentations for volumet-
ric analysis, even though the atlas-based segmentation methods and templates were initially developed using
1.5T/3T MR images.

Demonstration of neonatal brain developmental atlas. Next, we presented the week-wise spatiotem-
poral atlas in the first 10 weeks of postnatal life in (Fig. 4). All week-wise atlases were rigidly registered to atlas
at week 1 to assure the 2D demonstration of atlases displayed the axial slices at the same orientation and height.
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Fig. 2 Preprocesing steps and atlas based brain tissue segmentation. (a) Raw 0.35T T2WI from a representative
patient. (b) N4 bias field corrected image. (c) manual segmentation of brain parenchyma and segmented image
in (d). (f-h) Registration from patient individual space to template space in three steps: rigid (h), affine (g), SyN
(). Red dashed line depicts the contour of template (e). The inverse transformed template (i) and corresponding
tissue probability maps (j). (k) Whole brain segmentation estimated by EM.
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Fig. 3 T2w images and segmentaions from 10 representative infants at 1-10 weeks age post delivery. The
segmentations of interested brain regions were encoded by corresponding colors.
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Demonstration of brain asymmetry validation. We further quantified volumetric asymmetry in brain
regions to assess whether 0.35 T MRI provides measurements comparable to those from 3 T MRI. The selected
ROIs included white matter, gray matter, lateral ventricle, hippocampus, amygdala, thalamus, caudate, putamen,
pallidum, and accumbens. Consistent with prior studies’, the results showed that the left lateral ventricle was
significantly larger than the right at birth, maintaining a similar growth rate during the first ten weeks of postnatal
life (Fig. 5(c)). In addition to the lateral ventricle, notable left-right asymmetry was observed in the hippocampus,
amygdala, caudate, and pallidum, with the left hemisphere being larger than the right (Fig. 5(d,e,g.i)).

Demonstration of sexual dimorphism validation. To validate whether the 0.35 T data could reflect
similar gender-wise differences aligned with those reported in published studies, we performed linear regression
separately for male and female groups in selected ROIs, including white matter, gray matter, lateral ventricle, hip-
pocampus, amygdala, thalamus, caudate, putamen, pallidum, and accumbens. Consistent with findings from 3 T
MRI studies®'®*'~%3, our analysis revealed gender dimorphism in volumetric measurements from the 0.35 T data,
with male brains generally appearing larger than female brains at the group level (Fig. 6).

Usage Notes

To access the data, users must complete the shared Data Use Agreement (DUA) form** by Chinese Color Nest
Project at https://doi.org/10.57760/sciencedb.000133.00020, and submit it for review. Users can access both
the original and derivative data at https://doi.org/10.57760/sciencedb.10690 after registration on the Science
Data Bank website and completion of the DUA. We encourage researchers to incorporate this dataset into their
publications, provided this article is cited, and welcome inquiries for further data sharing or collaboration
opportunities.

The dataset encompasses the characteristics of low-field MRI data while retaining similarities to existing
high-field datasets. Hence, it can serve as a general test dataset for a wide range of brain structural analysis meth-
ods, as well as for developing innovative methods optimized for infant brains. It could be an valuable resource
for assessing the potential of 0.35T low-field MR data in the volumetric analysis of postnatal brain growth.

Apart from brain structural analysis, one potential research application is image enhancement and image
style transfer from low-field to high-field. Low-field MR images not only exhibit lower image quality, but
the differing field strengths also affect tissue T1 and T2 relaxation times, leading to variations in tissue
contrasts*. Using image enhancement and style transform methods to harmonize images obtained under
different field strength could streamline radiologists’ and physicians’ interpretation of the images. One
limitation of this low-field dataset is the insufficient resolution along the axial axis may compromise more
detailed surface analysis from this dataset. Linear interpolation may not be the optimal solution for enhanc-
ing axial resolution; therefore, super-resolution techniques represent a promising research application for
this dataset.

Head motion is another important concern in neonatal MR scans. Sedation was used for all subjects to
minimize motion artifacts. However, motion artifacts could still be observed in some slices for certain sub-
jects. For the purposes of atlas-based segmentation and volumetric quantification, the motion artifacts in this
dataset are within an acceptable range and should not compromise the registration process. Researchers may
choose to exclude these subjects based on whether the motion artifacts would affect their specific analysis.
Conversely, the subjects with motion artifacts can be valuable for validating motion correction techniques in
low-field MRL

In this retrospective study, it is important to note that the majority of subjects were inpatients who received
brain MRI scans as part of the clinical assessment. Hence, the subjects were not entirely healthy, and sedation
was utilized for diagnostic rather than research purposes. Although radiologists confirmed that no visible alter-
ations were found in the scans, researchers could exclude any subjects they deemed abnormal.
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Fig. 5 Plots show the volumetric asymmetry of developmental trajectories in gray matter (a), white matter

(b), lateral ventricle (c), hippocampus (d), amygdala (e), thalamus (f), caudate (g), putamen (h), pallidum

(i), and accumbens (j). Each scatter represents the volume of selected brain region from on subject. Linear
regressions and 95% confidence intervals were plotted for volume measurement of two hemispheres separately.
Measurements, regressions, and confidence ranges from right hemisphere are in blue, and those from left
hemisphere are in red.
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Fig. 6 Plots show the sex dimorphism of interested ROIs: gray matter (a), white matter (b), lateral ventricle (c),
hippocampus (d), amygdala (e), thalamus (f), caudate (g), putamen (h), pallidum (i), and accumbens (j). Each
scatter represents the volume of selected brain region from on subject. Linear regressions and 95% confidence
intervals were plotted for volume measurement of two hemispheres separately. Measurements, regressions, and
confidence ranges from female subject are in red, and those from male subjects are in blue.

Code availability

Manual segmentation was conducted in MITK v2024.06. N4 bias filed correction, registration, and week-
wise atlas is conducted by ANTs(Advanced Normalization Tools)*"** commands N4biasfieldcorrestion,
antsRegistrationSyN and antsMultivariateTemplateConstruction. Expectation maximization tool is implemented
in DrawEM?**34,
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