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Abstract
Background and Objectives
Most individuals with spinal muscular atrophy (SMA) on disease-modifying therapies continue
to have chronic motor impairment. Insights into brain involvement in SMA may open new
pathways for adjunctive therapies to optimize outcomes. We aimed to characterize macro-
structural brain abnormalities detected by MRI in individuals with SMA compared with peer
controls.

Methods
We conducted a cross-sectional case-control study of children and adults with a confirmed
genetic diagnosis of 5q SMA, and peer controls matched by age and sex. Brain MRIs acquired
on a 3T MRI scanner through a standardized research protocol were reviewed to qualitatively
assess the presence of macrostructural changes. The primary outcome was the presence of any
structural brain anomaly on MRI. In addition, the total volume of each participant’s lateral
ventricles was quantified by volumetry using MRIcron. Genetic and clinical variables, including
SMN2 copy number and motor function (Hammersmith Functional Motor Scale Expanded
and Revised Upper Limb Module scores), were then correlated with neuroimaging findings.

Results
A total of 42 participants completed the study (mean age 17.4, range 7–40; 67% male). Of the
21 individuals with 5q SMA, 9 (43%) had macrostructural brain abnormalities identified on
MRI compared with 2 of 21 (10%) peer controls (odds ratio 7.1, 95% confidence interval
1.4–34.0). In patients with SMA, the most common structural changes were widening of the
arachnoid spaces (n = 4) and ventriculomegaly (n = 4). Individuals with SMA had larger
median lateral ventricular volume than their normally developing peers (9.3 mL, interquartile
range [IQR] 5.5–13.1 vs 5.3 mL, IQR 3.8–9.8; p = 0.034). Structural brain abnormalities were
more frequent in those with 2 SMN2 copies (3/5, 60%) compared with 3 or 4 SMN2 copies (4/
10, 40% and 2/6, 33% respectively), not reaching significance. We found no association
between structural changes and motor function scores.

Discussion
Individuals with SMA have higher rates of macrostructural brain abnormalities than their
neurotypical peers, suggesting CNS involvement in SMA. Understanding changes in the brain
architecture of the SMA population can inform the development of adjunct therapies targeting
the CNS and potentially guide rehabilitation strategies.
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Introduction
Spinal muscular atrophy (SMA) is an autosomal recessive
disorder characterized by degeneration of lower motor neu-
rons, leading to progressive muscle atrophy and weakness.
SMA demonstrates significant clinical diversity, with 4 main
phenotypes distinguished based on the age of symptom onset
and attainment of developmental milestones. Estimated to
affect 1 in 10,000 live births, SMA is most commonly caused
by a homozygous deletion of the survival motor neuron 1
(SMN1) gene on chromosome 5q.1 SMN2, a paralogous gene,
is an important determinant of disease severity where a lower
number of SMN2 copies predict a more severe and earlier-
onset phenotype.1 In recent years, patients with SMA have
gained access to several disease-modifying therapies such as
nusinersen, onasemnogene abeparvovec, and risdiplam. Al-
though these treatments have been associated with substantial
improvements in survival and motor milestone acquisition,
chronic motor impairment remains for most individuals with
SMA.2,3

The role of lower motor neurons in SMA pathogenesis is
widely recognized. However, emerging evidence from both
animal and human studies has led to growing recognition of
brain involvement in the disease. Using immunocytochem-
istry and in situ hybridization, multiple groups have demon-
strated that SMN gene expression is not limited to the anterior
horn of the spinal cord but rather widespread throughout the
CNS.4-6 In addition, studies using mouse models of severe
SMA have shown reduced SMN protein levels and cell pro-
liferation in certain brain areas such as the hippocampus and
primary motor cortex.7,8 In humans, cerebral involvement in
SMA remains understudied.9 Select case reports and case
series of individuals with type 0 or type I SMA described
diffuse cortical and subcortical atrophy, dilation of the ven-
tricles, as well as abnormalities of various brain regions in-
cluding the corpus callosum and cerebellum.10-13 A few larger
case-control neuroimaging studies focused on volumetric as-
sessments such as cortical thickness and gray/white matter
volume, lacking a comprehensive description of all types of
structural brain abnormalities in SMA.14-16

The effects of early motor unit dysfunction on brain de-
velopment in SMA also remain largely unknown. Gaining
insights into brain involvement in SMA may open new
pathways for adjunctive therapies to optimize outcomes in
symptomatic patients. In addition, understanding the de-
velopmental plasticity that occurs in the face of motor dis-
ability, both at the individual and group levels, may assist
in the identification of neurophysiologic substrates to guide

rehabilitation in SMA. Therefore, we aimed to characterize
macrostructural brain anomalies detected by MRI in indi-
viduals with SMA. The primary outcome was the presence of
any macrostructural brain abnormality on MRI, and we hy-
pothesized that the rate of these abnormalities would be
higher in patients with SMA compared with controls.

Methods
Study Population
We conducted a cross-sectional case-control study of children
and adults with SMA and normally developing peers matched
by age (year of birth) and sex. Given the exploratory nature of
the study, a convenience sample of 40 participants was
planned. Participants were recruited from the Greater Mon-
treal Area and Calgary through the McGill University Health
Center Research Institute and the Alberta Children’s Hospi-
tal, respectively. For the SMA group, we included individuals
between the ages of 5–45 years with a confirmed genetic
diagnosis of 5q SMA, 2–4 copies of the SMN2 gene, and any
status of disease-modifying therapy received. Peer controls
were considered normally developing if they had no history of
developmental or neurologic conditions and had not received
rehabilitation or special education services during childhood
or adolescence.

Exclusion criteria for both groups were (1) any other neu-
rodevelopmental, neurogenetic, or acquired CNS condition,
(2) contraindications to MRI or inability to comply to study
procedures without sedation, or (3) dependence on perma-
nent ventilatory support.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the Research Ethics Board in both
participating centers, and informed consent was obtained
from all participants and parents/guardians where applicable.

Data Collection
Demographic and clinical variables were obtained through a
structured chart review. For patients who received multiple
disease-modifying therapies, the first treatment received was
recorded. A trained physiotherapist evaluated the motor
function of patients with SMA using the Hammersmith
Functional Motor Scale Expanded (HFMSE) and the Revised
Upper Limb Module (RULM) prior to the MRI. However, if
the participant had recently (within 3 months of the imaging
study) undergone a complete physical assessment, the motor
scores were extracted from that evaluation rather than con-
ducting a new one.

Glossary
HFMSE = Hammersmith Functional Motor Scale Expanded; IQR = interquartile range; RULM = Revised Upper Limb
Module; SMA = spinal muscular atrophy; SMN = survival motor neuron.
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Brain MRI Acquisition
All brainMRIswere acquired using one of 2 3TMRI systems and
a standardized research protocol. Patients with SMA and peer
controls fromMontreal were scanned at theMontreal Children’s
Hospital using a common MRI machine (Acheiva X, Philips
Health care, Best, The Netherlands, 32-channel head coil), while
those from Calgary were scanned using a second MRI machine
(MR750w, GE Healthcare, Chicago, IL, 32-channel head coil).
T1-weighted parameters were as follows: forMontreal, TE/TR=
3.5/7.9 ms, flip angle = 8°, 170 sagittal slices with field of view of
256 mm × 204 mm, and an acquisition matrix of 256 × 203 with
voxel acquisition size being 1.0 mm × 1.0 mm x 1.0 mm and for
Calgary, TE/TR = 3.2/8.5 ms, flip angle = 11°, 166 axial slices,
matrix = 256 × 256, and voxel size = 1.0 mm isotropic. Ana-
tomical T2-weighted andT2-FLAIR sequences were additionally
obtained for each participant.

Structural MRI Review and Lateral
Ventricle Volumetry
A single neuroradiologist, blinded to the participants’ diagnoses,
reviewed all images according to standard clinical practice to
identify visible structural changes. All macrostructural brain ab-
normalities reported in this study, including ventriculomegaly,
were determined through the neuroradiologist’s qualitative as-
sessment. As a complement to qualitative assessments, brain
volumetry was used by one author (EGB) to quantify ventricular
volume in a blinded evaluation. The semiautomated 3D fill tool
of the MRIcron software17 was used to map and measure the
volume of each participant’s lateral ventricles based on T1 image
intensity (Figure 1). The right and left lateral ventricles were
segmented and computed separately. The segmentation
thresholds used to segment the lateral ventricles from the brain
were a difference from origin and difference at edge of 30 (ar-
bitrary units) and a radius of the initial seed sphere of 15–30mm
depending on individual anatomy. Manual adjustments in ven-
tricle segmentation were performed using the drawing tools as
required. We compared the median total lateral ventricular
volume of each group. Volumes are expressed inmilliliters (mL).

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics,
Version 28.0. For continuous variables, the Shapiro-Wilk test

was first used to assess normality, and then, patient character-
istics were compared between groups using theMann-Whitney
U tests. Categorical variables were compared between groups
using the χ2 and Fisher exact as appropriate, and the MOVER-
RWilson confidence interval for the odds ratio. The Spearman
Rank Order was used to evaluate the correlation between
ventricular volume and motor scores. All tests of significance
were conducted at a predetermined level of significance of 0.05.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results
Participant Characteristics
A total of 42 participants, 28 children and 14 adults, com-
pleted the study procedures (Figure 2). There were no dif-
ferences in sex, age, or handedness between patients with
SMA and their peer controls (Table 1). Type II SMA was
most prevalent (9/21, 43%), followed by type III (8/21, 38%)
and type I SMA (4/21, 19%). All patients with SMA received
disease-modifying therapy (Table 2). Five individuals with
SMA (24%) could ambulate independently when assessed,
while 76% were nonambulant.

For patients with type I SMA, the median age of symptom
onset was 0.2 years (interquartile range [IQR] 0.1–0.5) and
the median age of treatment initiation was 3.1 years (IQR
0.5–7.8). All 4 patients with type I SMA were fed exclusively
via gastrostomy tube and required nighttime ventilation.
Among them, 1 (25%) could sit with support, while the
remaining 3 (75%) were limited to head control in best motor
function. Of the 9 individuals with type II SMA, 4 (44%) used
nocturnal ventilation, with one of them displaying a macro-
structural brain abnormality (xanthogranuloma). Among the
8 participants with type III SMA, 1 (13%) used nighttime
ventilation and had a normal brain MRI.

Structural Brain MRI Findings
Of 21 individuals with 5q SMA, 9 (43%) had macrostruc-
tural brain abnormalities identified on MRI compared with

Figure 1 Ventricle Volumetry Mapping

Illustration of volume mapping of the left lateral
ventricle using MRIcron.
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2 of 21 (10%) peer controls (odds ratio [OR] 7.1, 95%
confidence interval [CI] 1.4–34.0). The observed struc-
tural changes are listed in Table 1, and examples are illus-
trated in Figure 3. The most commonly identified structural

abnormalities were supratentorial ventriculomegaly and
widening of the arachnoid spaces, each present in 4 of 9
(44%) SMA patients with abnormal brain MRI. One-third
(3/9, 33%) of SMA patients with structural brain abnor-
malities had both supratentorial ventriculomegaly and
widening of the arachnoid spaces. All 3 of these patients
were diagnosed with type I SMA and had 2 SMN2 copies.
Using a more stringent definition of macrostructural ab-
normalities, excluding structural changes considered nor-
mal variants (e.g., arachnoid cyst and developmental
venous anomaly), produced similar results: abnormalities
were found in 8 of 21 (38%) patients with SMA and 1 of 21
(5%) controls (p = 0.021).

Table 2 summarizes the participant characteristics and motor
function of the 21 patients with SMA, distinguished by normal
vs abnormal brain MRI. As shown in Figure 4, among indi-
viduals with SMA, structural brain abnormalities were more
frequent in those with 2 SMN2 copies (3/5, 60%) compared
with 3 or 4 SMN2 copies (4/10, 40% and 2/6, 33%, re-
spectively) (OR 2.5, 95% CI 0.4–17.1). Structural brain ab-
normalities were also more frequent in individuals with SMA
type I (3/4, 75%) compared with type II (3/9, 33%) and type
III (3/8, 38%) (OR 5.5, 95% CI 0.7–51.0). The types of

Figure 2 Participant Flowchart

Flow diagram of participants and MRI findings.

Table 1 Participant Characteristics and Macrostructural Brain MRI Findings

Controls
N = 21

Patients with SMA
N = 21 p Value

Participant characteristics

Age at MRI (y), median (IQR) 14.7 (9.9–22.3) 14.4 (9.9–23.5) 0.990

Male, N (%) 14 (66.7) 14 (66.7) 1.000

Term birth, N (%) 21 (100.0) 20 (95.2) 1.000

Handedness

Right-handed, N (%) 19 (90.5) 19 (90.5) 1.000

Left-handed, N (%) 2 (9.5) 2 (9.5)

Macrostructural brain MRI findings

Abnormal brain MRI, N (%) 2 (9.5) 9 (42.9) 0.032

Chiari I malformation, N (%) 0 (0.0) 1 (4.8)

Choroid plexus xanthogranuloma, N (%) 0 (0.0) 1 (4.8)

Developmental venous anomalies, N (%) 1 (4.8) 0 (0.0)

Periventricular focal lesion, N (%) 0 (0.0) 1 (4.8)

Periventricular nodular heterotopia, N (%) 0 (0.0) 1 (4.8)

Supratentorial ventriculomegaly, N (%) 1 (4.8) 4 (19.0)

Temporal fossa arachnoid cyst, N (%) 0 (0.0) 1 (4.8)

T2 signal hyperintensity along posterior lateral ventricles, N (%) 0 (0.0) 1 (4.8)

Widening of arachnoid spaces, N (%) 0 (0.0) 4 (19.0)

Abbreviations: IQR = interquartile range; SMA = spinal muscular atrophy.
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Table 2 Characteristics of SMA Patients With and Without Macrostructural Brain Abnormalities

All patients with SMA
N = 21

Normal MRI
N = 12

Abnormal MRI
N = 9

Participant characteristics

Age at MRI (y), median (IQR) 14.4 (9.9–23.5) 14.4 (10.2–21.7) 14.4 (8.9–31.8)

Male, N (%) 14 (66.7) 7 (58.4) 7 (77.8)

Age at symptom onset (y), median (IQR) 1.5 (0.5–3.0) 1.5 (0.6–3.0) 0.7 (0.1–2.0)

Age at treatment initiation (y), median (IQR) 11.8 (6.3–21.3) 13.5 (7.1–19.5) 8.5 (3.4–28.5)

SMA type, N (%)

Type I 4 (19.0) 1 (8.3) 3 (33.3)

Type II 9 (42.9) 6 (50.0) 3 (33.3)

Type III 8 (38.1) 5 (41.7) 3 (33.3)

SMN2 copy number, N (%)

Two copies 5 (23.8) 2 (16.7) 3 (33.3)

Three copies 10 (47.6) 6 (50.0) 4 (44.4)

Four copies 6 (28.6) 4 (33.3) 2 (22.2)

Disease-modifying therapy, N (%)

Nusinersen 16 (76.2) 8 (66.7) 8 (88.9)

Risdiplam 5 (23.8) 4 (33.3) 1 (11.1)

Motor function

Current best motor function, N (%)

Head control 3 (14.3) 1 (8.3) 2 (22.2)

Sitting with support 3 (14.3) 2 (16.7) 1 (11.1)

Sitting independently 7 (33.3) 4 (33.3) 3 (33.3)

Walking with aid 3 (14.3) 2 (16.7) 1 (11.1)

Walking independently 5 (23.8) 3 (25.0) 2 (22.2)

HFMSE (score/66), median (IQR) 19.5 (4.5–50.0) 29.0 (4.0–52.0) 10.0 (3.0–42.5)

RULM (score/37), median (IQR) 27.0 (16.0–37.0) 32.5 (13.8–37.0) 26.0 (13.5–34.5)

Abbreviations: HFMSE = Hammersmith Functional Motor Scale Expanded; IQR = interquartile range; RULM = Revised Upper Limb Module; SMA = spinal
muscular atrophy; SMN = survival motor neuron.
All p values >0.05.

Figure 3 Macrostructural Abnormalities

Examples of structural brain abnormalities ob-
served in patients with SMA. (A) Widening of the
anterior arachnoid spaces and widening of the
frontal horns of the bilateral lateral ventricles. (B)
Asymmetric widening of the arachnoid spaces
and widening of the supratentorial ventricular
system. (C) Left frontal paraventricular focal le-
sion of hyperintense T2 signal.
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observed structural brain abnormalities classified based on
SMA type are detailed in eTable 1.

Motor Function Scores
SMA patients with structural brain abnormalities had lower
median HFMSE (10.0, IQR 3.0–42.5 vs 29.0, IQR 4.0–52.0; p
= 0.456) and RULM scores (26.0, IQR 13.5–34.5 vs 32.5, IQR
13.8–37.0; p = 0.720) compared with those without, not
reaching significance.

Ventricular Volume
The 5 participants reported to have qualitative ven-
triculomegaly on brain MRI had significantly larger volumes
of the lateral ventricles (median 29.9 mL, IQR 22.2–62.5)
compared with those without ventriculomegaly (median 6.4
mL, IQR 4.3–9.7; p < 0.001). In addition, as illustrated in

Figure 5, patients with SMA (n = 21) had larger median
ventricular volume than peer controls (n = 21) (9.3 mL, IQR
5.5–13.1 vs 5.3 mL, IQR 3.8–9.8; p = 0.034). Removing the
outlier type III SMA patient with a history of prematurity and
intraventricular hemorrhage and their matched control from
analyses did not change this observation substantially. The
patients with SMA (N = 20) had a median ventricular volume
of 9.1 mL vs 5.3 mL for controls.

In the SMA group, individuals with type I SMA had larger
median volumes of the lateral ventricles (24.6 mL, IQR
10.0–39.4) than individuals with type II (8.7 mL, IQR
5.5–12.3) or type III SMA (9.1 mL, IQR 3.3–12.2) (not
reaching significance, with p = 0.081 for type I vs II or III).
Similarly, individuals with 2 SMN2 copies had larger median
volumes of the lateral ventricles (19.3 mL, IQR 9.7–36.2)

Figure 4 Macrostructural Abnormalities by SMN2 Copy Number and SMA Type

Rate of macrostructural brain abnor-
malities among patients with SMA,
classified by (left) number of SMN2
copies and (right) SMA type. Error bars
represent the 95% confidence interval.

Figure 5 Total Lateral Ventricular Volume

Total volume of the lateral ventricles for (left) peer controls and patients with SMA and (right) patients with SMA stratified by SMA type. The ventricular
volumesweremeasured byMRI volumetry. The outlier type III SMA patient with a total lateral ventricular volume of 82.5mL had no signs of hydrocephalus in
the brain MRI study. They were born prematurely (29 + 5 weeks) and had evidence of intraventricular hemorrhage in the neonatal period with no known
clinical sequelae.
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than those with 3 copies (9.1 mL, IQR 6.6–12.3) or 4 copies
(4.7 mL, IQR 2.6–28.1) (p = 0.050 for 2 vs 3 or 4 copies).
However, we found no clear correlation between ventricu-
lar volume and motor scores (HFMSE p = 0.099, RULM p =
0.249).

Discussion
In our cohort, the odds of macrostructural brain abnormalities
detected by MRI were 7 times higher in individuals with SMA
than their normally developing peers. We identified 8 distinct
types of structural brain abnormalities in patients with SMA,
with the most prevalent being ventriculomegaly and widening
of the arachnoid spaces. Among individuals with SMA, those
with 2 SMN2 copies and/or type I SMA had the highest rate
of structural brain abnormalities and largest volume of the
lateral ventricles. We observed no correlation between the
frequency of structural changes and functional motor scores.

Our results and those of others found structural brain ab-
normalities to bemore prominent in individuals with the most
severe form of SMA. A recent study reported extensive white
matter volume decreases in patients with type II and type III
SMA relative to healthy controls.16 The degeneration of the
right postcentral gyrus was more severe in individuals with
type II compared with type III SMA, as well as in those with
lower HFMSE scores. However, another group found that the
reduction in cerebellar volume (lobules VIIIB, IX, and X)
exhibited by individuals with type III and IV SMA did not
correlate with SMN2 copy number nor SMA type.14 Of in-
terest, in our cohort, the frequency of abnormal brain MRI
correlated with SMA type but did not correlate with HFMSE
and RULM scores. The absence of an association between
structural abnormalities and the severity of motor impairment
could reflect a lack of sensitivity of these clinical tests. Alter-
natively, and more likely, it could indicate that structural brain
abnormalities are more closely linked to genotype and/or
early-life motor outcomes—factors that influence SMA type
assignment—rather than long-term best motor function.

Our data suggest that the prevalence of structural abnormalities
is not affected by the individual’s age, or the number of years
lived with SMA. In fact, the median age of SMA patients with
normal brain MRI was the same as those with abnormal find-
ings (14.4 years old). This is consistent with other studies
reporting no correlation between patient age or disease dura-
tion and neuroimaging findings such as spinal cross-sectional
area or cerebellar volume.14,15 By contrast, previous studies
have reported a significant correlation between motor cortex
volumes and disease duration.15

The types of structural brain abnormalities we observed in the
SMA population are similar to those previously reported in
the literature. In this study, the most frequently structural
brain abnormalities identified in patients with SMA included
ventriculomegaly and widening of the arachnoid spaces,

which together suggest cerebral atrophy. These results are
consistent with published case reports and case series de-
scribing ventricular dilatation, sulcus widening, as well as
diffuse atrophy and white matter reduction in individuals with
SMA type 0 and I.11-13 In addition, 1 patient with type II SMA
in our cohort had evidence of T2 signal hyperintensity along
the posterior contours of the lateral ventricles on brain MRI, a
finding previously documented in patients with SMA types I
and II.13,18,19 Conversely, while several groups have reported
corpus callosum abnormalities in patients with SMA such as
tapering, hypoplasia, and dysplasia, all individuals with SMA
in our cohort exhibited a normal corpus callosum.11,13,19

Nonetheless, similar structural brain abnormalities have also
been documented in other neuromuscular disorders. Indeed,
white matter hyperintense lesions, ventriculomegaly, and
enlargement of subarachnoid spaces have been reported in
patients with congenital muscular dystrophies, dystroglyca-
nopathies, and myotonic dystrophies.20 It is possible that
structural brain abnormalities in SMA arise from substantially
reduced SMN protein levels during a critical period of early
brain development.9,19 However, these overlapping findings
between neuromuscular disorders raise the question whether
restricted motor development in early life could instead be
responsible for the alterations in brain architecture identified
in patients with SMA.

Another plausible explanation is that the identified structural
changes may not be exclusive to neuromuscular diseases but
rather occur in the context of chronic hypoxia. Respiratory
muscle weakness is a prominent feature of SMA, particularly in
patients with themore severe types.Moreover, evidence from a
mouse model of SMA demonstrated widespread tissue hypoxia
and a cellular hypoxic response across multiple organs.21

Chronic hypoxia resulting from conditions such as obstructive
sleep apnea, chronic obstructive pulmonary disease, or high-
altitude living has been linked to cognitive dysfunction and
alterations in brain structure.22 These structural changes in-
clude cortical atrophy and ventricular enlargement, similar to
what we observed in patients with SMA.

Our study’s cross-sectional design limits our ability to exam-
ine a temporal relationship between disease-modifying ther-
apies and macrostructural brain abnormalities. A small
number of hydrocephalus cases have been reported among
patients with SMA treated with nusinersen, as well as a greater
incidence overall compared with peers.23 However, since
hydrocephalus is more common in patients with SMA than in
non-SMA controls, the association with nusinersen remains
unclear.23

No participant in our cohort had evidence of hydrocephalus
on brain MRI, and the ventricular enlargement observed in
certain patients with SMA is likely ex vacuo as a consequence
of encephalic volume loss. It is important to note that there
was a considerable delay in starting disease-modifying thera-
pies for patients with type I SMA in our cohort (median delay
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of 2.9 years). As SMA becomes integrated into an increasing
number of newborn screening programs, we anticipate earlier
treatment initiation, potentially reducing the extent of ob-
served atrophy and ventriculomegaly.

In clinical practice, ventriculomegaly is typically reported based
on the radiologist’s subjective assessment of images. In specific
populations such as neonates, linear measurements such as the
ventricular index, anterior horn width, and thalamo-occipital
diameter are used to quantify ventricular dilatation.24 More re-
cently, some groups have adopted MRI volumetry for more
precise measurements of ventricular volumes, although norma-
tive values are not well established. In our cohort, patients with
SMA exhibited significantly greater median ventricular volumes
than peer controls, and this was most pronounced in individuals
with type I SMA or 2 SMN2 copies. While we did not find prior
studies evaluating ventricular volume in patients with SMA, our
findings align with case series documenting marked ventricular
enlargement in the most severe forms of SMA.11,12

The main strengths of our study include detailed image ac-
quisition using 3T MRI scanners, facilitating the identification
of more subtle structural abnormalities. In addition, all brain
MRIs were interpreted by a single neuroradiologist to ensure
consistency, and qualitative assessments of ventriculomegaly
were validated through quantitative measurements of ventric-
ular volume. Nonetheless, this study has important limitations.
First, the relatively small size of our cohort and its clinical
heterogeneity regarding SMA type, age, and treatment status
reduced our statistical power and may affect the external gen-
eralizability of our results. Second, we unintentionally included
1 patient with a history of acquired brain disorder (in-
traventricular hemorrhage without clinical sequalae) that was
missed prior to enrolment in this study. However, including
this patient did not substantially alter our results. Third, we did
not conduct volumetric analyses beyond ventricular volume,
which could potentially offer further insights within our cohort.
Finally, brain MRIs were acquired on 2 different scanners
(Montreal and Calgary), although we had patients with SMA
and age-matched peer controls for each scanner. Larger lon-
gitudinal studies are necessary to validate our results and
further explore the intricate relationship between motor dys-
function, treatment, and structural brain alterations in SMA.
Furthermore, emerging evidence of neurodevelopmental
comorbidities in patients with SMA indicates potential differ-
ences in functional connectivity, alongside macrostructural
changes, which were not evaluated in this study.25

Individuals with SMA have higher rates of macrostructural
brain abnormalities than their normally developing peers,
suggesting CNS involvement in SMA. Understanding changes
in brain architecture may not only inform the development of
adjunct therapies but also potentially provide guidance for re-
habilitation strategies within the SMA population.
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