
 

First digital atlas of human fetal brain
development published
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US-derived, normative atlas of the fetal brain with satisfactory growth and
neurodevelopment up to 2 years of age. a, Summary of image processing steps
for atlas construction. A 3D image of the fetal head is collected using an US
probe and, after a series of image processing steps (including brain extraction,
hemispheric separation and brain alignment), each weekly atlas template is
constructed using groupwise registration. b, 3D + time atlas templates depicting
the fetal brain at even gestational weeks for the axial (top), coronal (middle) and
sagittal (bottom) views. c, Axial views of the fetal brain at 18 (A) and 24 (B)
weeks' gestation. d, Kymograph showing the emergence and thickness changes
of laminar tissues of the cerebral mantle at two locations (that is, the two
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gestational timepoints are marked by horizontal lines A and B). Horizontal lines
in c correspond to the two cross-sectional locations of the kymograph: red at the
level of the thalamus and postcentral gyrus; blue at the level of the ChP. IC,
internal capsule; Th. thalamus; Pt. putamen; CB, cerebellum; SP, subplate; IZ,
intermediate zone and VZ, ventricular zone (or germinal matrix). Credit: Nature
(2023). DOI: 10.1038/s41586-023-06630-3

A team of more than 200 researchers around the world, involving
multiple health and scientific institutions, led by the University of
Oxford, has published the first digital atlas showing the dynamics of
normative maturation of each hemisphere of the fetal brain between 14
and 31 weeks' gestation—a critical period of human development. The
article is titled "Normative spatiotemporal fetal brain maturation with
satisfactory development at 2 years" and appears in the journal Nature

The atlas was produced using more than 2,500 3-dimensional ultrasound
(3D US) brain scans that were acquired serially during pregnancy from
2,194 fetuses in the INTERGROWTH-21st Project, which is a large
population-based study of healthy pregnant women living in eight
diverse geographical regions of the world (including five in the Global
South), whose children had satisfactory growth and neurodevelopment at
2 years of age.

The study is unique because, for the first time, an international dataset of
3D US scans, collected using standardized methods and equipment, has
been analyzed with advanced artificial intelligence (AI) and image
processing tools to construct a map showing how the fetal brain matures
as pregnancy advances.

Demonstrating remarkably similar patterns of fetal brain growth and
development across diverse populations represents an important
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scientific advance in the field of neuroscience. The results are entirely
consistent with previously reported findings, from the same
INTERGROWTH-21st population, for fetal skeletal growth, newborn
size and infant neurocognitive development. The results also highlight a
vitally important public health message: a mother's health, educational,
nutritional and environmental needs must be met to ensure that her
child's body and brain develop healthily.

The findings add to the global impact of the INTERGROWTH-21st
Project, which has previously produced international standards for fetal
growth, newborn size and the postnatal growth of preterm babies, that
are being widely adopted across the world for clinical and research
purposes.

Professor Ana Namburete, the first author, whose research group
developed the machine learning methods, said, "Using AI we enhanced
the visibility of brain structures in the 3D US images, and generated an
average depiction of the brain at each week of pregnancy during a
critical period of development. Uniquely, our atlas captured patterns of
brain growth from as early as 14 weeks' gestation—filling a 6-week
knowledge gap in our understanding of early fetal brain maturation.

"We also revealed significant asymmetries in brain maturation: for
example, in the region associated with language development, which
peaked at 20–26 weeks' gestation and persisted thereafter without any
differences between the sexes."

Professor Stephen Kennedy, co-Principal Investigator of the
INTERGROWTH-21st Project, who jointly led the study, said, "The
atlas will help scientists answer complex biological questions about the
fetal origins of cognitive function in childhood, such as how language is
acquired. Using the atlas in combination with the soon to be published
international standards describing the complementary growth of the fetal
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brain will be a valuable clinical tool in specialized, referral centers when
brain development appears abnormal on ultrasound."

Professor José Villar, co-Principal Investigator of the
INTERGROWTH-21st Project, who jointly led the study, said, "This is
the latest step in the systematic study of early human growth and
development that confirms, using the most advanced research
methodology applied to a large number of fetal brain scans, the
similarities of growth and development of humans across the world when
health, educational, nutritional and environmental needs are met: humans
are very similar in all domains, including their brains, when conditions
are adequate."

The fetal brain atlas can be found freely available online.

  More information: Ana I. L. Namburete et al, Normative
spatiotemporal fetal brain maturation with satisfactory development at 2
years, Nature (2023). DOI: 10.1038/s41586-023-06630-3
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