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ARTICLE INFO ABSTRACT

Keywords: Introduction: Pontocerebellar hypoplasia type 2A (PCH2A) is a rare neurogenetic disease characterized by severe
Pontocerebellar hypoplasia type 2A cognitive and motor impairment. This study reports on brain morphometry and psychomotor development of
Long-term brain morphometry affected children

Developmental phenotype
Progressive microcephaly
Delayed psychomotor development

Materials and methods: We analyzed 78 cerebral MRI datasets of 57 patients with genetically confirmed PCH2A.
Volumetric and in-plane measurements were conducted in cerebellum, neocortex and pons. Supratentorial width
and width of the anterior horns of the lateral ventricles was used to calculate the Evans index. Caregivers of 65
patients (aged 7 months to 33 years) filled in a survey assessing motor and cognitive development. Develop-
mental status was compared to MRI measurements.

Resuits: In children with PCH2A, cerebellar volume was markedly smaller than in healthy children at birth, with
slower increase and stagnation at around 12 months. No cerebellar growth was observed in the cranio-caudal
axis. Longitudinal data did not reveal a decrease in cerebellar volume or in-plane measurements. Supra-
tentorial measurements showed progressive microcephaly and a continuous increase of the Evans index,
reflecting progressive cerebral atrophy. Patients demonstrated severe cognitive and motor impairments, with
developmental regression reported in only a minority. No statistical relationship between brain measurements
and cognitive or motor development was observed.

Conclusion: MRI in PCH2A patients shows limited cerebellar growth during infancy, especially restricted along
the cranio-caudal axis. After infancy, cerebellar volume remains relatively stable. Supratentorial measurements
indicate slowly progressive atrophy. Psychomotor development is significantly impaired, but regression is rare.

thought to result in impaired tRNA processing [2,3], and potentially,
mRNA decay [4,5].

Children with PCH2A exhibit early-onset symptoms, such as
impaired swallowing, restlessness, and a choreatic movement disorder.
Additional neurological symptoms, such as long-lasting dystonic at-
tacks, spasticity, and epileptic seizures, often develop within the first
years of life [6]. Both motor and cognitive development are severely

1. Introduction

Pontocerebellar hypoplasia (PCH) is a group of very rare, autosomal
recessive genetic diseases. This study focuses on PCH type 2A (PCH2A),
the most common subtype [1]. This subtype is defined by a homozygous
pathogenic variant p.A307S (c.919G > T) in the TSEN54 gene, which is
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Abbreviations

CI Confidence Interval

ICC Intraclass Correlation Coefficient
LOESS  Local Estimated Scatterplot Smoothing
mRNA  messenger RNA

PCH Pontocerebellar hypoplasia

PCH2A Pontocerebellar hypoplasia type 2A
tRNA transfer RNA

compromised. All children with PCH2A present with severe progressive
microcephaly [7]. Life expectancy is limited, with many affected in-
dividuals dying during childhood and adolescence [1,6,7].

Neuroimaging of children with PCH2A reveals characteristic severe
hypoplasia of pons and cerebellum, with a relative sparing of the cere-
bellar vermis, resulting in the characteristic “dragonfly pattern” [8].
Histological findings indicate loss of cerebellar cortex, fragmentation of
the dentate nuclei, and near absence of transverse pontine fibers [1,9].
Supratentorial structures are also affected, with reduced cerebral vol-
ume and enlarged ventricles [10].

However, due to the rarity of PCH2A, little data is available on the
detailed longitudinal trajectory of brain measurements of affected
children before and beyond the first year of life. Only a small number of
prior studies provided cross-sectional data, mainly from the first months
of life: Van Dijk et al [11] reported on 18 patients aged 14.8 months or
younger, Ekert et al [10] reported on 24 children aged 17 years or less
(median 10 months).

In the present study, we aimed to expand the understanding of the
brain structural phenotype and developmental phenotype of PCH2A by
investigating a larger cohort, with data including repeated MRI and MRI
of older patients. Specifically, this approach would allow to characterize
the long-term trajectory of the disease and assess whether progressive
developmental regression or cerebral atrophy occur with increasing age.
A comprehensive characterization of the course of PCH2A will benefit
clinicians, researchers, and affected families.

2. Materials & methods

Patients with PCH2A were recruited through the German patient
organization PCH-Familie e.V., and data from the first natural history
study were included [6]. Inclusion criteria required genetic confirma-
tion of the homozygous pathogenic variant p.A307S in the TSEN54 gene
and written informed consent from the legal guardian. The study was
approved by the ethics committee of the University of Freiburg, Ger-
many (decision no. 20-1040) and by the ethics committee of the Uni-
versity of Tiibingen (decision no. 105/2012B02), as part of a natural
history study on patients with PCH2A.

Parents completed a disease-specific survey providing data on motor
and cognitive development. Additionally, imaging data and medical
records were collected for a retrospective analysis when available. In
some cases, parents did not complete the survey but provided consent
for the use of MRI data in the analysis.

2.1. Brain morphometry

In MRI datasets with sufficient quality (effective slice thickness < 3
mm, and a field of view covering the entire brain), the volumes of the
cerebellum, pons, supratentorial structures, and ventricles were
measured by manually delineating the respective structures and calcu-
lating the volume of the generated masks (see Supplementary Fig. 1).
Additionally, in-plane measurements of specific brain structures were
performed in all MRI datasets with an appropriate field of view (see
Supplementary Fig. 2): Infratentorial measurements included the
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cerebellar transverse diameter, anterior-posterior length, superior-
inferior height (averaged between left and right lobe), and the midline
anterior-posterior diameter of the pons. Supratentorial measurements
included the maximum transverse diameter of the anterior horns of the
lateral ventricles, and the transverse diameter of the cerebrum in the
same axial plane. From these, the Evans index was calculated to evaluate
supratentorial brain atrophy [13]. All in-plane measurements were
conducted using DeepUnity (Dedalus Healthcare Group, Bonn, Ger-
many), and volumetric masks were created using Nora (nora-imaging.
com).

Reference data of cerebellar and cerebral volume were derived from
a previous study using a similar methodological approach [10]. Refer-
ence data of pontine diameter were obtained from the literature [12]. To
assess the reliability of the measurements performed by the first rater
(AH), both in-plane and volumetric measurements were independently
repeated in 34 and 10 randomly selected datasets, respectively, by a
second researcher (PP), who was blinded to the original results.
Inter-rater variability was assessed using the Intraclass Correlation Co-
efficient [13]. Statistical analyses were carried out using SPSS (IBM,
Armonk, NY) and R [14] with visualizations produced using SPSS and
ggplot [15].

2.2. Assessment and classification of psychomotor development

As part of the parent survey, the developmental history of the
participating patients with PHC2A was assessed across various motor
and cognitive skills, as described in a previous publication [6]. For each
skill, parents were asked whether and at what age their child had ach-
ieved the skill, and whether development of this skill was still ongoing,
or at what age the development had plateaued. Additionally, parents
were asked whether their child demonstrated the skill consistently or
intermittently, and whether the child had lost the skill at any point.

The developmental data were retrospectively collected from 65
children with PCH2A, of whom 21 had previously participated in the
earlier Natural History Study (NHS) conducted in 2014. Among this
subgroup, parents were provided with the option to reference their
previous questionnaire or, in some cases (6), a pre-filled version was sent
to aid with recall. Discrepancies between parental reports and medical
records were addressed in follow-up telephone interviews, which were
conducted for all participants to enhance the accuracy of the data. In
rare cases of persistent disagreement between parental assessments and
documented findings, we accepted the parental assessment due to their
continuous observation of the child.

To categorize the variability of psychomotor development among
children with PCH2A, we calculated the median age of skill acquisition
for each skill among all children who had demonstrated it. Based on
these cohort-specific development timelines, we determined the ratio of
skills achieved by each child relative to those typically achieved by
children with PCH2A at the same age. The top 15 % of children with the
highest ratio were classified as having above-average development,
while the bottom 15 % were classified as having below-average devel-
opment. The remaining children were classified as having average
development. We then compared cerebellar and supratentorial mea-
surements with these developmental classifications.

3. Results

Cohort details are listed in Table 1. From 17 patients, two imaging
datasets were available, and from 2 patients, three longitudinal data
points were available.
3.1. Volumetric measurements

Results of the volumetric measurements are presented in Fig. 1. At

birth, a significant difference in cerebellar volume was already apparent
between children with PCH2A and healthy controls (Fig. 1, upper left).
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Table 1

Cohort details.
Total enrolled patients 72
Patients with available MRI 57
Total available MRI datasets 78
MRI acquired in utero 3
MRI datasets suitable for volumetry (effective 48

slice thickness < 3 mm)
Gender of patients with available MRI 33 female (58 %), 24 male (42
%)
4,5 months (31 weeks of
gestation — 18.7 years)
Patients with developmental data 65
Gender of patients with developmental data 33 female (51 %), 32 male (49
%)
6,3 years (7 months — 33 years)

Median age at MRI

Median age at time of the survey

Patients exhibited limited cerebellar growth during the first months of
life, after which the interpolated logarithmic growth curve progressively
flattened and eventually plateaued at a volume of approximately 20 ml
(upper right). Healthy controls showed a markedly faster and ongoing
cerebellar growth. There was no observed difference between male and
female patients.

Differences in supratentorial brain volume were less pronounced at
birth with patients showing only a moderate lag compared to healthy
controls during the first few months of life (Fig. 1, bottom left). How-
ever, after the first year, supratentorial cerebral growth also stagnated in
patients with PCH2A, leading to persistently lower volumes compared to
healthy controls (bottom right). No sex-based differences were
observed.

Neither cerebellar nor supratentorial volumes showed progressive
volume loss in individual data points or longitudinal follow-up data. The
qualitative analysis of individual follow-up data support the trends
observed in the cohort. This is demonstrated in Fig. 1, where dashed
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lines connect data points from the same children indicating that
morphometric changes closely follow the interpolated logarithmic
growth curves.

3.2. Measurements of cerebellar and pontine diameters over time

Cerebellar and pontine diameter measurement complement the
volumetric data (Fig. 2). The growth curves for cerebellar transverse
diameter (top row) and anterior-posterior diameter of the cerebellum
(second row) show a similar pattern to cerebellar volumetry, with pa-
tients exhibiting initial growth during the first months of life, but with
slower progress and earlier stagnation compared to healthy controls. A
similar pattern is observed in the pontine anterior-posterior diameter
(bottom row). However, the cranio-caudal diameter of the cerebellar
hemispheres remains relatively stable after birth, showing no growth
either during infancy or later developmental stages (Fig. 2, third row). In
some children with follow-up MRI, we observed a slight decrease in
cranio-caudal cerebellar diameter, particularly noticeable in one child
whose diameter decreased from 9.5 mm immediately after birth to 3 mm
at 8 months corrected age (see Supplementary Fig. 3). No significant sex-
based differences were noted.

Qualitative inspection of the longitudinal MRI data from individual
patients generally confirmed these trends, especially for transverse and
anterior-posterior diameters, as illustrated in Fig. 2. However, two
children deviated from this trend: one showed a reduction of approxi-
mately 7 mm in the cranio-caudal diameter between an MRI on post-
natal day 1 (preterm, gestational age of 30 + 4 weeks) and at 9 months of
age, while another child exhibited a slight decrease in this dimension at
approximately 10 years of age (see Supplementary Fig. 3).

3.3. Measurements of supratentorial diameter over time

Supratentorial in-plane measurements are shown in Fig. 3.

Age (years)

Age (years)

PCH2A (female) -~ PCH2A (male) -~ controls

Fig. 1. Volumetry of the cerebellum (top) and supratentorial structures (bottom). Volumes of both structures show markedly decreased brain growth in
children with PCH2A as compared to healthy controls. Growth restriction is more pronounced in the cerebellum than in supratentorial brain structures, especially
during the first months of life (left). After the first year, brain volumes remain stable in patients with PCH2A, whereas healthy controls show continuous growth of
brain structures during childhood (right). Measurements from longitudinal data of the same patients (dashed lines) fit to the interpolated logarithmic curve (solid
line, lighter shade: 95 % confidence interval). Values on the left side of time point zero reflect prenatal MRI. No differences are observed between male and female
patients. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. Cerebellar measurements in transversal (top), anterior-posterior (second row) and cranio-caudal (third row) direction, as well as anterior-
posterior pontine diameter (bottom row). Over the first year of life, cerebellar size increases in transverse diameter and anterior-posterior length, but not in
cranio-caudal height (left). Together, this results in the characteristic dragonfly pattern commonly observed in PCH2A. After the first years of life, cerebellar growth
ceases in all dimensions (right). Pontine diameter increases slightly in the first year of life, then also stagnates. Dashed lines indicate longitudinal data of the same
patient and provide a good fit to the interpolated logarithmic curves (solid lines). No clear growth difference is observed between male and female patients. Values in
the negative range reflect prenatal MRI (3 cases) or MRI of a premature child (1 case). See Supplementary Fig. 2 for an illustration.

Transverse cerebral width (top row) follows a similar growth and sub-
sequent stagnation pattern as cerebellar structures, but at a later
developmental stage. Simultaneously, the width of the lateral ventricles
shows a continuous increase (middle row). Together, these trends lead
to a progressive increase in the Evans index (bottom row), which sur-
passes the threshold of 0.3, defined as the upper limit for healthy con-
trols regardless of age [16], shortly after birth. No MRI scans showed
signs of elevated intracranial pressure or cerebrospinal fluid circulation
obstruction.

3.4. Inter-rater correlation

The intraclass correlation coefficient (ICC) for the volumetric mea-
surements was 0.97 for cerebellar volumes (95%confidence-interval
[CI] 0.88-0.99) and 0.991 for supratentorial volumes (95% CI
0.67-1.0). For two-dimensional diameters, the ICC ranged from 0.92 to
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0.97 for cerebellar diameters (CI 0.82-0.96 and 0.93-0.98), and was
0.86 for pontine diameters (CI 0.71-0.94). The ICC for supratentorial
measurements was 0.94 (CI 0.88-0.97) for cerebral diameter and 0.99
for lateral ventricle diameter (CI 0.97-0.99).

3.5. Psychomotor development

Motor skill development is illustrated in Fig. 4 (top). A significant
number of children achieved basic motor skills, such as head control
(68% of children older than the median age at which the skill was
typically achieved) or grasping attempts (74%). Rolling over and tar-
geted grasping was learned by 52% and 40%, respectively. More
advanced motor skills, however, were rarely achieved (crawling: 16%,
on all fours: 12%, unsupported sitting: 9%). All motor skills were ac-
quired with significant delay compared to healthy children, and 10
children were reported to have never learned any of the queried motor
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Fig. 3. Supratentorial measurements: Transverse cerebral width (top), width of the anterior horns of the lateral ventricles (middle), Evans index (bot-
tom). While transverse cerebral width stagnates around the age of 12 months, similar to infratentorial measures, the width of the anterior horns of the lateral
ventricles continues to increase, causing the Evan’s index to rise above the threshold of 0.3 established for healthy children.

skills. For all motor skills, at least one child was reported to have lost the
skill after acquisition (grasping attempts and rolling over: 5 children
each, all other skills: 1-2 children each).

Regarding cognitive development (Fig. 4, bottom), parents reported
that their child consistently responded to familiar people or objects
(94%), exhibited a social smile (88%), and reacted to visual stimuli
(85%). Controlled eye movements were also reported by the majority of
parents (reaction to visual stimuli: 94%, fixation: 88%, eye tracking:
81%). However, reproducible communication by specific sounds or
words was less common (53% and 17%, respectively). Only a small
number of children were reported to have lost skills (eye tracking and
specific sounds: 2 each, fixation, social smile and specific words: 1 each).
All skills were acquired considerably later than in healthy children.

3.6. Relationship between psychomotor development and imaging findings

No clear correlation was found between psychomotor development,
categorized as "below average," "average," or "above average," and brain
measurements (Fig. 5). Most children with below-average psychomotor
development had transverse cerebral diameters below the interpolated
growth curve (Fig. 5, bottom right). Conversely, children with above-
average development in both motor and cognitive domains generally
had cerebellar diameters above the interpolated growth curve (upper
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and lower left). No further associations between cerebral measurements
and motor skills were observed (data not shown).

4. Discussion

We analyzed brain measurements from the prenatal period into
adolescence, as well as psychomotor development, in a large cohort of
children with PCH2A, broadening our understanding of the imaging and
clinical phenotype of this genetically homogenous group.

4.1. Growth is highly limited in both supra- and infratentorial regions

Volumetic analysis (Fig. 1) shows reduced cerebellar ad supra-
tentorial volumes already at birth, with cerebellar reductions to be more
pronounced. This aligns with findings from a recent PCH2A organoid
model [17]. While healthy children show significant brain growth
postnatally, PCH2A patients exhibit severe growth restriction in both
supra- and infratentorial structures, leading to progressive microcephaly
and severe cerebellar hypoplasia. Our data support the clinical obser-
vation that early postnatal ultrasounds in affected children often show
abnormalities primarily in the cerebellum (frequently described as an
enlarged cisterna magna), while most children are still normocephalic at
birth [6].
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Fig. 4. Motor development (top) and language and cognitive development (bottom) of children with PCH2A, as reported by caregivers. Left side: Age at
which the skill was first demonstrated. Right side: Absolute number of children that achieved, unlearned or never achieved the respective skill. Total green bar:
Number of children that ever achieved the skill. Individual shades of green differentiate the frequency with which the skill was demonstrated. Red bar: Number of
children that never achieved the skill. Light orange: Children who were younger at the time of assessment than the median age at which the skill was achieved by

children with PCH2A.

Motor development (top): Simpler skills like head control, turning and grasping attempts were demonstrated by about half the children, mostly within the first few
years of life, but considerably later than in healthy children. More complex abilities were only demonstrated by a small number of children, and at a higher and more
widely distributed age. For each skill, several parents reported that their child had achieved the skill at some point but did not exhibit it anymore.

Cognitive development (bottom): A considerable number of children started to exhibit nonverbal communication within the first two years of life, such as limited eye
movement and reproducible reactions to familiar people and objects. Reproducible verbal communication (sounds or specific words) was reported only for few older
children. Overall, as reported by their caregivers, the queried cognitive skills are achieved by a significantly higher number of children than the queried motor skills,
and only very few children are reported having unlearned a skill. No data on frequency was available for reaction to visual stimuli. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

4.2. Cerebellar growth is affected in a spatial manner

Cerebellar growth in children with PCH2A is spatially variable
(Fig. 2). Specifically, our measurements of the cerebellum of affected
children show an increase in width and length during the first two years,
but not in height, which results in the characteristic dragonfly pattern.
While cranio-caudal height decreased in a few children, the transverse
and anterior-posterior diameters remained stable. Histopathology shows
both extensive dysplasia and atrophy of cerebellar neurons and axons
[9]. In cranio-caudal direction, these processes might be balanced by
early growth and could result in an apparently stable situation over
time. Alternatively, cerebellar growth might be inhibited in
cranio-caudal direction right from the beginning. In the further course of
the disease, processes of growth and degeneration result in a net stable
cerebellar volume in older PCH2A patients without signs of progressive
degeneration. Histopathological findings suggest that the remaining
cerebellar tissue might in large parts be gliotic, rather than functional
cerebellar tissue [9].

4.3. Progressive supratentorial atrophy

In contrast, supratentorial atrophy progresses over time. The Evans
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index exceeds healthy thresholds in early infancy [16], continuing to
rise in the absence of hydrocephalus (Fig. 3). This indicates ven-
triculomegaly due to cerebral atrophy rather than increased intracranial
pressure. Histological findings in the neocortex of PCH2A patients show
a diffuse increase in glial tissue without active degeneration, and both
cortical architecture as well as myelination of axonal tissue appeared
normal even in atrophic regions [9].

In PCH2A, supratentorial atrophy takes place in a different temporal
manner than cerebellar atrophy, i.e. initially less rapid, but as an
ongoing process over time. Supratentorial atrophy may be secondary to
disrupted cerebro-cerebellar connections rather than a primary genetic
effect [10]. However, neocortical organoids derived from patients with
PCH2A showed delayed growth restriction as compared to cerebellar
organoids without significant signs of apoptosis in either cerebellar or
neocortical organoids [17]. The growth restriction of neocortical orga-
noids was thus neither caused by cerebellar processes nor by predomi-
nant neurodegeneration but could be a direct effect of the genetic
alteration in neocortical cells. Future studies might investigate both the
longitudinal neocortical neuropathology, as well as cerebro-cerebellar
connections, to resolve this debate.
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Fig. 5. Relation of motor (upper row) and cognitive (bottom row) development with transversal diameter of the cerebellum (left) and cerebrum (right)
during the first two years of life. Colors denote the classification of patients into below-average development (red), normal development (yellow) and above-
average development (green). Interpolated using local estimated scatterplot smoothing (LOESS). Lower transverse cerebral diameter appears to be associated
with poorer cognitive development (lower right panel), while the remaining data do not suggest meaningful correlation between brain measurements and cognitive
development. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

4.4. Analysis of individual follow-up data

Longitudinal data from 19 patients, though too heterogeneous for
quantitative analysis, allowed qualitative assessment and closely
mirrored cohort trends. One notable exception was a reduction in
cranio-caudal cerebellar diameter in two children, suggesting possible
regional differences in degeneration over time.

4.5. Psychomotor development

Motor development (Fig. 4, top) was severely delayed in all patients.
Few children achieved head control, grasping, or rolling over, while
cognitive skills were reported in a slightly larger number (Fig. 4, bot-
tom). This observation corroborates clinical experience, where care-
givers are frequently able to interact with their child to a certain degree,
and children with PCH2A might appear limited in their expression of
cognitive abilities by their motor impairments. However, these obser-
vations are based on qualitative comparisons from questionnaire data,
as our data collection did not allow for standardized testing or quanti-
tative analysis of developmental and motor scores.

On one hand, pronounced cerebellar pathology likely contributes to
motor dysfunction, given the cerebellum’s role in controlling and
coordinating muscle activity. On the other hand, the observed discrep-
ancy between motor and cognitive abilities in patients with PCH2A may
be influenced by the questionnaire design, which assessed simpler
cognitive skills, while the motor tasks required a higher level of coor-
dination. Potential parental bias in the assessment of their child’s
cognitive abilities must also be considered. Despite histological evidence
for neurodegeneration [9], some developmental progress is achieved by
all patients with PCH2A. Developmental regression is rare once a skill
has been acquired, and the small discrepancies between the number of
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unlearned motor and cognitive skills do not provide sufficient evidence
to draw conclusions about whether these regressions are due to neuro-
degeneration or other factors, such as body growth during adolescence.

We found no clear correlation between brain morphometry and
developmental outcomes. In addition to its well-known motor functions,
the cerebellum has been reported to be involved in cognitive processes,
and cerebellar dysfunction has been linked to cognitive impairment
[18-20]. At the same time, the genetic defect underlying PCH2A might
also affect supratentorial networks involved in both motor and cognitive
development, as well as cerebro-cerebellar connections. Further studies,
with more detailed imaging and network analyses, are needed to clarify
the contributions of cerebellar and cerebral pathology in this condition.

4.6. Limitations

This study has several limitations, particularly regarding the devel-
opmental data, which were primarily based on caregiver reports. Since
standardized testing was unavailable, both motor and cognitive mile-
stones were assessed through parental observations. It should be noted
that the developmental trajectories of children with PCH2A do not
correspond to those of typically developing children. For instance, head
control is less stable, purposeful grasping requires significant effort, is
often atactic, and can only be sustained for brief periods. Complex motor
tasks, such as independent tooth brushing, are typically not achievable.
Visual tracking is slowed and grossly saccadic, deviating from the
smooth pursuit seen in healthy development. Similarly, cognitive abil-
ities may only be observed sporadically, particularly during moments of
well-being or in interactions with familiar individuals and may not be
fully captured during clinical examinations. While caregiver reports are
a valuable source of information, there is a potential for bias in their
perception of their child’s abilities. However, these observations are
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consistent with broader clinical experience in PCH2A.

The developmental data were gathered retrospectively by asking
parents about milestone achievements, which may introduce recall bias.
This dataset included 21 children who had previously participated in the
Natural History Study approximately 10 years ago [6]. While parents
had the option to refer to previous questionnaires or prefilled data (used
in 6 cases), discrepancies in reporting long-past milestones may exist,
introducing further bias. This limitation applies specifically to the 16
patients who participated in both studies, as 5 had already passed away
by 2012, which limits the ability to draw meaningful conclusions from
longitudinal data for these cases.

Additionally, clinical and imaging data were not collected concur-
rently. The parental surveys were completed between 2020 and 2022,
whereas the imaging data were analyzed retrospectively, with MRI scans
often performed years earlier. In older children, MRI findings may not
reflect the current developmental status at the time of the survey,
limiting the ability to correlate imaging results with developmental
progress. However, this does not affect the separate analyses of MRI
metrics and psychomotor development. Furthermore, early brain MRI
cannot reliably predict individual developmental outcomes.

5. Conclusion

This study provides comprehensive data on intracranial brain growth
and psychomotor development from the prenatal period through
adolescence in a large cohort of children with PCH2A. Affected children
had a smaller cerebellum at birth, with the gap widening over the first
year and then stagnating. Long-term data showed no cerebellar volume
loss in older children, but progressive supratentorial atrophy and
microcephaly were observed. Caregivers reported cognitive develop-
ment in most children, though motor and cognitive skills were severely
delayed. Developmental regression was rare. This study expands current
knowledge of PCH2A and offers valuable insights for clinicians, re-
searchers, and families.
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