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Abstract.

Background: 5q Spinal Muscular Atrophy (SMA) is a prototypical lower motor neuron disorder. However, the characteristic
early motor impairment raises the question on the scope of brain involvement with implications for further investigations on
the brain as a potential therapeutic target.

Objective: To review changes across the SMA clinical spectrum reported on brain magnetic resonance imaging (MRI).
Methods: We conducted a scoping review of existing literature on PubMed and EMBASE. Two reviewers searched and
retrieved relevant articles on magnetic resonance brain imaging in individuals with SMA censoring to April 2022. Full-text
articles published in peer-reviewed journals or abstracts accepted to conferences in English and French were included.
Results: Twelve articles were identified describing a total of 39 patients [age range: 11 days to 41 years old, type O (n=15),
type 1 (n=4), type 2 (n=2), type 3 (n=22), type 4 (n=06)]. All reported structural changes and did not explore other MRI
modalities. In individuals with infantile onset SMA, cortical and subcortical brain abnormalities in white matter, basal ganglia,
thalamus, hippocampus, and high intensity areas around lateral ventricles and thalami were reported over time. In individuals
with later-onset SMA, reduced cerebellar and lobular volume were observed as well as increased grey matter density in motor
areas.

Conclusions: Limited data on brain imaging in SMA highlights both cortical and subcortical involvement in SMA, supporting
the hypothesis that changes are not restricted to lower motor neuron pathways. Further studies are needed to determine the
extent and prevalence of structural and functional brain changes across SMA types.
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INTRODUCTION

Spinal Muscular Atrophy (SMA) describes a spec-
trum of genetic neuromuscular diseases characterized
by the loss of alpha motor neurons in the brainstem
and spinal cord. The most common form, 5q SMA, is
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caused by homozygous mutations or deletions in the
survival motor neuron (SMN) 1 gene [1]. This leads
to low production of full-length functional SMN pro-
tein from the SMNI gene, however, this is partially
compensated for by the paralogous SMN2 gene. The
SMN protein is ubiquitously expressed and plays a
critical role in various cell homeostatic pathways [2].
The requirement for SMN protein by the central ner-
vous system is highest during embryonic and early
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postnatal development coinciding with neuromus-
cular development [3]. Given that significant levels
of SMN protein have previously been identified in
the brain [4], it is plausible that reduced expression
affects motor regions of the nervous system. Indeed,
impaired motor development early in life can poten-
tially impact a critical window of brain maturation.

However, the impact of SMA on the brain remains
poorly characterized. Early pathology reports from
autopsy evaluations described macroscopic abnor-
malities in the brain, spinal cord, and muscle [5].
Moreover, few animal and human SMA studies point
to brain involvement with evidence of regional and
selective changes in brain morphology [6] and promi-
nent involvement of thalamic and sensory neurons
[7]. Brain changes have also been detected by struc-
tural magnetic resonance imaging (MRI). MRI is
widely available and a non-invasive technique appro-
priate for characterizing structural brain changes.
Currently, only one review of brain, cognition and
language development in SMA type 1 is available,
where MRI findings were also reviewed [8].

The aim of this review is to explore and summa-
rize the current knowledge of brain imaging findings
across SMA types and to identify existing gaps. The
generated knowledge can guide future neuroimaging
studies that aim to explore structural and functional
brain changes across the SMA clinical spectrum,
potentially paving the way for new pathways of inter-
vention.

METHODS

The Joanna Briggs Institute (JBI) methodology
for scoping reviews was used to conduct the review
[9]. Results are presented following the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews [10]. No a
priori protocol was registered. Further information on
the process can be obtained from the corresponding
author on request.

Inclusion criteria

The inclusion criteria used to select the articles for
the review were based on the population and concept
elements reported below.

Population

We included articles addressed to 5q SMA. Arti-
cles published prior to 1991 were not included as they
predated the identification of the SMN gene. Though

few studies on SMA were published before 1991, it is
unclear if the affected children and adults were genet-
ically confirmed to have SMA. Hence, this selection
of articles reflects a population with a genetically con-
firmed 5q SMA diagnosis or a confirmed diagnosis
by muscle biopsy.

Concept

We selected articles that used brain MRI in
humans. Other imaging methods such as computed
tomography and ultrasound were excluded. MRI
scans were the preferred neuroimaging tool as they
are readily available in clinical settings and produce
more detailed structural images compared to other
imaging techniques.

Literature search

Published literature on brain imaging in 5q SMA
was identified through database searches up to April
2022. Selected keywords were combined to create
search strategies that were adjusted for each database.
Articles were searched in PubMed/MEDLINE
and Ovid EMBASE + EMBASE Classic from
1991-2022. To identify relevant articles, Medi-
cal Subject Headings (MeSH terms indexed on
PubMed) and key terms were used such as
‘spinal muscular atrophy’, ‘Werdnig Hoffmann’,
‘Kugelberg-Welander’, ‘Dubowitz disease’, which
were combined with acronyms for neuroimaging
modalities such as ‘MRI’, ‘tRMI’, ‘DTI’, and ‘DWTI’.
Language was restricted to English and French, how-
ever it is possible that some articles in French were
missed due to the use of English search terms.
Retrieved literature was screened and all relevant arti-
cles were used for this review. The reference section
of relevant articles was manually searched to identify
additional articles of relevance.

Selection of studies

Articles were initially screened by two reviewers
(NM and MO) based on titles and abstracts according
to the population and concept elements previously
described (data on brain magnetic resonance imag-
ing) in SMA types 1 to 4. Full-text peer-reviewed
articles and conference abstracts in English or French
were selected. The articles were examined by two
authors (NM and MO) and eligibility for inclusion
was performed independently.
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Data extraction and presentation

All relevant data to inform the scoping review
objectives and questions were extracted and are sum-
marized in Table 1. Study characteristics related
to publication (reference), population (SMA type,
sample size, sex, age), and study design were first
extracted. The main findings of each article relevant
to brain MRI were extracted as well as other clini-
cal findings. Risk of bias assessment was performed
by one certified author (MO) using the American
Academy of Neurology framework [11].

RESULTS
Search results

The initial search conducted in July 2021 identified
891 articles across the two databases that described
neuroimaging findings in SMA. A total of 137 dupli-
cations were removed and after screening by title and
abstract a total of 15 articles were included in the full-
text screening. Twelve articles were included in the
final review (Fig. 1). All articles included patients
either genetically diagnosed and confirmed to have
5q SMA or diagnosed by muscle biopsy. An updated
literature search was performed in April 2022, iden-
tifying no additional articles of interest.

SMA type 0

Three class IV studies reported on five patients
with SMA type 0, showing progressive changes with
prolonged survival. All infants had molecular diag-
nosis confirmation and fetal onset of symptoms. In
one case report, no abnormalities were detected on
brain MRI of a newborn despite a clinical diagnosis
of moderate hypoxic ischemic encephalopathy (HIE)
and undergoing therapeutic hypothermia. This infant
was extubated and died at 11 days of age [12]. Two
studies described a pattern of progressive atrophy and
loss of white matter observed by MRI with prolonged
survival in infants who remained on permanent venti-
lation [13, 14]. In a case series of three children under
3 years old, all with one copy of SMN2 and no doc-
umented hypoxic ischemic encephalopathy (HIE) at
birth, Mendonca and colleagues initially described at
2 months supratentorial atrophy, a widening sulcus
and ventricles, and a tapered corpus callosum. Imag-
ing follow-up at 11 months (patient 3), 1 year (patient
1), and 3 years (patient 2) documented a marked pro-
gression of supratentorial and hippocampal atrophy

and severe reduction in white matter [13]. Moreover,
in a longitudinal MRI assessment as a neonate, at
7 months, and at 2 years of age without documented
neonatal HIE, Maeda et. al observed progressive cen-
tral nervous system (CNS) atrophy of the cerebral
cortex, subcortical white matter, thalamus, and basal
ganglia [14]. In contrast, Mendonga et. al reported no
abnormalities in the thalamus and basal ganglia [13].

SMA type 1

Four class IV studies reported on four patients with
SMA type 1. A case report of a 7-year-old patient
described diffuse cerebral atrophy, dilation of the 3rd
and lateral ventricles, and significant white matter
atrophy as well as a hypoplastic corpus callosum
[15]. T2-weighted images revealed high intensity
areas around the posterior horns of the lateral ventri-
cles. Similarly, Ito et al. reported high intensity areas
around the posterior horns of the lateral ventricles
based on T2-weighted and FLAIR (fluid attenuated
inversion recovery) images and found high intensity
areas in anterolateral portions of the bilateral thalami
[16]. Moreover, lesions in the thalamus and cerebel-
lum were observed in one patient [17]; however, the
cerebellum and brainstem were normal in another
patient [15]. No brain abnormalities were reported
in another case of a newborn with type 1 SMA; yet
postmortem examination revealed neurodegeneration
in cortical and subcortical brain structures [18].

SMA type 2

Only one class IV case report of brain MRI in an
infant with type 2 SMA was identified [19]. Delayed
myelination with high intensity areas around the pos-
terior horns of the lateral were found, however the
cerebral hemisphere, cerebellum, and brainstem were
normal.

SMA type 3 and 4

One class IV and two class III studies reported on
29 patients with SMA type 3 & 4. In a case series
of four young children with type 3 SMA patients
and one case report on two-year old, no structural
brain abnormalities were observed on MRI [20, 21].
A larger prospective case control study of 25 type 3
and type 4 adult SMA patients described a greater
cortical volume in those with type 4 SMA compared
to type 3 SMA in the left motor cortex. Moreover,
they found an increase in grey matter density in the



Table 1

Neuroimaging reports in patients with spinal muscular atrophy (SMA)

Reference Study design Sample (size, Brain MRI main findings Other clinical findings
MRI sequence ~ SMA type,
sex, age range
at time of
MRI)
Vincent and Case report N=1; SMA Normal brain e Symptomatic at birth
McSweeney Brain MRI type 0; e SMN2 copy number not specified
[12] Female; 11 e On permanent ventilation
days e MRI spine: normal
Mendonca et Case series N=3; SMA e MRI (before 2 mo): supratentorial atrophy of e Confirmed SMA 0 with fetal onset of reduced movements and symptoms present at
al. [13] Longitudinal type 0; 2 subcortical predominance, tapered corpus birth.
brain MRI Males, 1 callosum, widening sulcus and ventricles; o All three had tracheostomy and permanent ventilation
T2-weighted Female; normal signal intensity and volume of o All three had gastrostomy tube feeding exclusively
image 1-3years thalamus, basal ganglia, cerebellum, white e Whole exome sequencing and clinical exome performed- negative
matter. o No clinical seizures, patient 1 and 3 had EEG showing sporadic epileptic discharges
e MRI (follow up at 11mo, ly, 3y respective):
progressive supratentorial and hippocampal
atrophy (pt 1 and 2), severe white matter
reduction. Cerebellum was spared.
e Pt 2 and 3: symmetric hyperintense signals on
T2 and FLAIR in putamen and thalamus.
o Pt 1: marked ventricular dilatation
e Pt 2: atrophy of caudate
Maeda et al. Case report N=1; SMA e Severe and diffuse CNS atrophy of supraten- e Confirmed SMA 0 symptomatic at birth, with respiratory failure at birth requiring
[14] Longitudinal type 0; torial and infratentorial brain and spinal cord intubation
brain MRI Female; e MRI (neonatal): no findings o 1 copy of SMN2
neonatal, 7 o MRI (follow up at 7mo, 2y): progressive e Apgars 1 and 6 at 1 and 5 minutes
months, 2 atrophy of cerebral cortex, subcortical white o No evidence of HIE on MRI in neonatal period
years) matter, thalamus, and basal ganglia; cervical

cord, brainstem and cerebellar volume
reduced at 2 years.

e Homozygous deletion in SMNI and NAIP

o Distal necrosis of digits at 4 months

o Seizures by 2 years of age, EEG initially burst suppression pattern
e MRI spine: cervical cord volume reduced at 2 years

961

&ydoayy avpnosnpy ppurds ui [y uinag /v 12 QOUbN |



Oka et al. [15]

Case report
brain MRIT/-
weighted
image

N=1; SMA

type 1B; Male;

7 years

o Diffuse cerebral atrophy; dilation of 3rd and
lateral ventricles; white matter atrophy with
hypoplastic corpus callosum

e High intensity areas around posterior horns of
lateral ventricles on T2

e Normal cerebellum and brainstem

e Symptom onset 1st month of life

e SMN?2 copy number not specified

e On mechanical ventilation

¢ EMG: neurogenic

e Muscle biopsy: large groups of small fibers intermingled with small groups of large
fiber of type 1

e Auditory evoked potentials

e EEG: normal at 1 month

e Invasive permanent ventilation at 3 months of age

e Developed focal seizures with impaired awareness at 6 years of age, EEG spikes and
polyspikes in left centroparietal area

e At 7 years: oculomotor palsy

e SPECT at 7 years: multiple areas of moderately decreased perfusion including
bilateral cerebellar cortex and vermis, right putamen, anterior portion of left frontal
lobe, and posterior portion of right frontal lobe.

Ito et al. [16]

Case report
Brain MRI
T2-weighted
FLAIR image

N=1; SMA
type 1;
Female; 6
years

o High signal intensity in anterolateral portions
of bilateral thalami and around posterior horns
of lateral ventricles on T2 and FLAIR.

e Severe bulbar palsy

e Symptom onset at 3 months of age

e SMN2 copy number not specified

e EMG neurogenic (at 3 months)

e Permanent ventilation from 7 months of age

e Normal perinatal history

e MRI spine: normal

e EEG: diffuse fast activity, no epileptiform abnormality
e Normal BAER and VER

Cneude et al.
(17]

Case report

brain MRI

N=1; SMA
type 1; Male;
10 months

e Lesions in CNS (thalamus, cerebellum); severe
cortical dysplasia

e Agyria of posterior cortex and anterior cortical
pachygyria

e Normal perinatal history with 1 minute
Apgar of 10
e Symptom onset at 3 months of age
e SMN2 copy number not specified
o EEG at 3 months showed hyposarrhythmia
e FISH for Miller Dieker syndrome negative (17p13.3)
e Karyotype: balanced translocation (maternal) of chromosome 13 & 14
© On hydrocortisone, depakene and Sabril for seizures
e On mechanical ventilation by 8 months of age
¢ EMG at 8 months neurogenic
e Died of RSV infection by 10 months, no autopsy

(Continued)
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Table 1
(Continued)
Reference Study design Sample (size, Brain MRI main findings Other clinical findings
MRI sequence ~ SMA type,

sex, age range

at time of

MRI)
Harding et al. Case repor N=1; SMA e Normal brain MRI in neonatal period e On mechanical ventilation from birth to death
[18] Brain MRI type 1; sexnot ¢ Post-mortem: neurodegeneration in motor e 1 copy of SMN2

specified; 18
days

cortex, nuclei pontis cerebellar nuclei,
substantia nigra, locus ceruleus, and meynert’s
nucleus.

e Joint contractures and extensive weakness at birth
¢ EMG: diffuse fasciculations, no conduction responses

Losito et al. Case report N=1; SMA e At 12 months: Delayed myelination; high e Symptom onset
[19] brain MRI type 2; intensity areas around posterior horns of 7 months
Ti-weighted Female; 12 lateral ventricles; corpus callosum dysplasia  Normal perinatal history
image months with a lipoma in the splenium, normal cerebral ~ @ 3 copies of SMN2
hemisphere, cerebellum, and brainstem e MRI spine: normal
e SPECT at 12 months: slight increase in choline peak
e EEG normal at 12 months
¢ HFMSE 11/66
Kang et al. Case series N=4; SMA e Normal brain (patient 3 and 4) e EMG: neurogenic in pt 2, 3, 4.
[20] brain MRI type 3; e SMN?2 copy number not specified
Female; 1-5 e Fasciculations noted in pt 1.
years o Asymmetric weakness and upper motor neuron signs on presentation
e Pt 1 had muscle biopsy: neurogenic
Olivieri et al. Case report N=1; SMA e Normal brain e Ambulatory, with age of onset 10 months to 4 years
[21] brain MRI type 3; o 3 copies of SMN2
Female; e MRI spine: normal

2years

e EMG: neurogenic

861
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Querin et al. Prospective N=25SMA o Increased grey matter density in motor cortex o No bulbar
[22] case-control and N =25 age and extra-motor regions; normal white matter involvement
Baseline brain ~ and sex o Ambulant (n=18); non-ambulant (n="7)
MRI matched
3D controls; SMA o 4 copies of SMN2 (n=10)
TI-weighted type 3 (n=19)
image and SMA type © 3 copies of SMN2 (n=2)
4 (n=6); e SMN2 copy number not specified (n=13)
18-66 years e MRI spine: significant grey matter atrophy in C2-C6 levels.
(mean 41 o MFM (mean = SD): 60.51 £ 33.56 %
years) e Disease duration (mean £ SD): 30.38 & 15.40 years
De Borbaetal. Case-control N=25 SMA o Significant smaller cerebellum volume; lobule e Bulbar symptoms
[23] brain MRI 3D  and N=25 age grey matter significantly reduced (1 patient)
Tl-weighted and sex o Cortical thickness of cerebellum not significant e 4 copies of SMN2 (n=13)
image matched

controls; SMA
type 3 (n=19)
and SMA type
4 (n=6);
1866 years
(mean 41
years)

e 3 copies of SMN2 (n=17)

e SMN?2 copy number not specified (n=>5)
e SMAFRS (mean &+ SD): 37.4 +8.4

e MFM (mean =+ SD): 60.51 4 33.56

Legend: EEG: Electroencephalography. HIE: Hypoxic ischemic encephalopathy. MRI: magnetic resonance imaging. SPECT: single-photon emission computerized tomography. SMAFRS: Spinal
Muscular Atrophy Functional Rating Scale. MFM: Motor Function Measure. HFMSE: Hammersmith Functional Motor Scale Expanded. BAER : Brainstem auditory evoked reponse. VER: Visual

evoked response.
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[ Identification of studies via databases ]
)
é Recg;?:ggzggﬂ(id;g); ) Egzt;rnd; grgmoved before
o o PubMed/MEDLINE (n = 343 7
;:.:: o Ovid EMBASE + El\/(IBASE ) —> DuEI;cs;e records removed
§ Classic (n = 548) (n= )
—
v
)
Records screened Records excluded
(n=754) ™ (n=739)
\4
Reports sought for retrieval
=) (n=15)
c
o
5
= \4
A Reports excluded:
579201%5) assessed for eligibility _—) Reason 1: scoping review (n = 1)
Reason 2: not brain MRI (n = 2)
—
\4

Studies included in review
(n=12)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flow Diagram of the study.

bilateral motor cortex and extra-motor regions in both
SMA types compared to control [22]. No white mat-
ter abnormalities were observed in either type 3 or
4. Using a similar case-control group, a significantly
smaller total volume of cerebellar lobes was observed
in SMA patients compared to controls. In particular,
grey matter in one lobule was significantly smaller in
volume compared to controls [23].

DISCUSSION

Brain neuroimaging findings are scarcely docu-
mented in patients with SMA. This scoping review
serves to summarize the current state of evidence of
brain involvement in children and adults with SMA
as identified by MRI and to highlight important gaps
to address with further research.

SMA type 0

Common neuropathological features marked in
subcortical brain structures including the thalami,
basal ganglia and cerebellum showed to be variably
affected. The involvement of the thalami, substantia
nigra and cuneate nuclei have been well documented
in autopsy examinations [7, 24, 25], and the most
severe cases of type 0 SMA additionally showed
severe and diffuse CNS atrophy [13, 14], distinct
from changes secondary to HIE. Imaging follow up
in four type O patients (less than 3 years of age)
highlighted widespread and progressive abnormali-
ties over time: supratentorial brain atrophy with white
matter reduction, severe hippocampal atrophy, and a
thinned corpus callosum. Given that the SMN pro-
tein is highly expressed during fetal development up
until early infancy in various brain structures of the
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nervous system [26], it could be hypothesized these
significant abnormalities may be related to the reduc-
tion of SMN protein observed during this critical time
period. In contrast, Vincent & McSweeney found no
brain pathology in an infant of SMA type O in the
neonatal period [12]. Most of the reported structural
changes were observed over time, and they may be
secondary to non SMN pathways in a chronically ill
child.

SMA type 1 and 2

High signal intensity areas were observed around
the lateral ventricles [15, 16, 19] and the tha-
lami [16]. These could reflect unmyelinated areas
or dysmyelination. A previous study found sig-
nificant post-mortem cell death in the developing
telencephalon at both the dorsal and ventral side
of lateral ventricles [27]. It is not clear the type
of cells described by the authors, but it is known
that the ventricles are surrounded by ventricular and
subventricular zones in which reside proliferating
cells that contribute to white matter repopulation
[28]. Based on the process of positive reinforce-
ment in exuberance selection during development,
the observed change in white matter is likely a con-
sequence of a lack of myelin maturation during
development. Lower SMN levels lead to motor neu-
ron degeneration, which can lead to an absence of
positive reinforcement in those connections and sub-
sequent lack of myelin maturation. It would be less
plausible for these observed changes to be caused
by an active demyelination process. However, more
research is needed. Abnormal development of the cor-
pus callosum was also observed in two individuals
[15, 19]. The corpus callosum is critical for inter-
hemispheric communication and shows consistent
reduced integrity in another motor neuron disorder,
amyotrophic lateral sclerosis [29]. It is also important
to note that all children were genetically confirmed
for 5q SMA except for one child with SMA type 1
who underwent a muscle biopsy for diagnosis [15].
The authors performed additional diagnostic proce-
dures and made longitudinal assessments of the child
to further support this diagnosis. Nonetheless, with-
out genetic confirmation of SMA, findings from this
report should be interpreted with caution of potential
misclassification bias.

In contrast to type 1 findings of significant abnor-
malities in cortical and subcortical structures, one
case report of an infant with type 2 SMA revealed
a normal brainstem, cerebral hemisphere and cere-

bellum besides white matter abnormalities [19]. The
nature of type 1 SMA being the most severe may help
explain these contrasting findings, however autopsy
examinations in two other individuals with type 2
SMA revealed areduced number of neurons in the pri-
mary motor cortex and fewer myelinated fibers in the
spinal-pyramidal tract [30]. These differences could
also be attributed to timing of the imaging, where
some chronic changes could be missed in younger
children.

SMA type 3 and 4

In later onset SMA (types 3 and 4) evidence of
cerebellar pathology and changes in grey matter den-
sity in motor areas were identified in the largest adult
cohorts of SMA patients [22, 23]. Increased cortical
volume in the motor cortex of SMA type 4 compared
to type 3 potentially suggests a reorganization of the
grey matter in the motor cortex and an adaptive reor-
ganization mechanism with progressing lower motor
neuron degeneration [22]. Moreover, cerebellar func-
tion has historically been related to movement and
balance and more recently in non-motor tasks such
as sensorimotor control [31]. Cerebellar grey matter
volume was found to be significantly reduced [23].
The three cerebellar lobules affected share the final
target of proprioceptive output which is closely tied to
the control of movement. In a recent cerebellar study
in mice, researchers found significantly lower net-
work activity in the cerebellum suggesting neuronal
dysfunction that may follow volume loss [32].

These anomalies prompt inquiries about the
potential impact of neurodegenerative and neurode-
velopmental processes on the brain. SMN protein
plays a crucial role in establishing the nervous sys-
tem during embryonic and early postnatal stages,
as well as maintaining motor neurons. Thus, it is
plausible that the observed neurodegeneration may
result from impaired neurodevelopmental processes.
In studies of severely affected children with early-
onset SMA, progressive degeneration across brain
structures has been observed. In adults with late-onset
SMA, cross-sectional examinations show an increase
in gray matter and a reduction in cerebellar volume,
indicating compensatory and degenerative processes.
Since the SMN protein is reduced across the entire
spectrum of the disease, both neurodevelopmental
and neurodegenerative effects possibly overlap and
contribute to the observed changes in the brain.

The clinical consequences of the brain abnormali-
ties remain uncertain, with limited and variable data
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available from reported cases. The more widespread
CNS atrophy seen in the most severe end of
the clinical spectrum suggests a potential correla-
tive relationship between disease severity and brain
involvement. Interestingly, key motor regions such
as thalamus, basal ganglia, cerebellum are often
affected. In individuals with later-onset SMA, we
observed different patterns of brain involvement,
specifically increases in grey matter volumes in the
motor cortex in patients with type 4 SMA compared to
type 3 [22] as well as decreases in cerebellar volume
[23]. The increase in grey matter volume suggests a
compensatory process, and it was found to be pos-
itively correlated with longer disease duration and
slower progression rates seen in type 4 SMA individ-
uals. With cerebellar imaging findings, no significant
correlations were found between clinical features or
scales.

We provide a comprehensive overview of the
available evidence of structural brain involvement
detected by MRI across the SMA spectrum. A pre-
vious review published in 2021 had reported MRI
findings only in SMA type 0/1 individuals [8] censor-
ing their search to 2019. They identified three studies
of brain MRI, all included in our review, while we
identified an additional four studies in this population.
They also concluded that several structures, includ-
ing the thalami, basal ganglia, temporal and frontal
cortices, hippocampi, and cerebellum were variably
affected, with changes observed over time in more
severely affected children.

Limitations

There are several limitations inherent to the litera-
ture reviewed in this scoping review. Case reports are
particularly vulnerable to publication bias. Though
we had reports of normal brain MRI findings in this
scoping review, the overall limited number of stud-
ies identified may have been affected by publication
bias.

Another limitation is the methodological quality of
the papers. Only three studies out of twelve disclosed
the type of MRI sequence (T1-weighted, T2-FLAIR,
T2-weighted) used to capture the brain abnormalities.
The type of sequence used is particularly important
as different sequences are better suited to detect dif-
ferent structural abnormalities. It is also important to
note the variability that comes with reading and ana-
lyzing MRI images. While many reports appear to
have been obtained clinically by the site’s radiologist,
no studies included in this review described the level

of expertise of the radiologist analyzing the images.
As such, it is possible that some abnormalities were
missed or misinterpreted by some and not others.
A standardized protocol for image acquisition and
reporting should be used to ensure consistency and
reliability. The small sample sizes, limited number of
studies, and heterogeneity of neuropathological fea-
tures present in some patients and not others, hampers
the interpretation and generalizability of the findings.

CONCLUSION

SMA is increasingly recognized for its multisys-
temic features, however brain involvement remains
under-investigated. This review provides a com-
prehensive description of the current findings on
structural brain abnormalities in children and adults
with SMA as identified by MRI. The current body of
evidence is limited to case reports with high risk of
bias, highlighting the gaps in knowledge. Future stud-
ies applying both quantitative and qualitative imaging
techniques would be necessary to advance our under-
standing of the scope of brain involvement in SMA.
This would pave the way for new pathways of inter-
ventions targeting the brain as adjunct to currently
available disease-modifying therapies and potentially
broaden the pool of disease-specific biomarkers for
SMA.
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