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Abstract
Introduction: The most common forms of familial ALS are due to the C9ORF72 and SOD1 genes.
Pathology studies have demonstrated patients with C9ORF72 ALS tend to develop more protein
aggregates in the cerebellum and temporal lobes, while SOD1 patients develop more protein aggregates
in the frontal and temporal lobes. (REF). Other means of looking for these signs are not established.
Currently, we use brain MRI quantitative susceptibility mapping analysis (QSM) to examine susceptibility
in the motor cortex, which is typically increased in motor neuron disease, correlating with the clinical
syndrome. We designed a study to retrospectively assess the MRI/QSM in genetic ALS patients for
speci�c regional changes.

Methods: We retrospectively reviewed all genetic ALS patients seen in Neurology at Hospital for Special
Surgery from 2013 through 2018 who had MRI with QSM. Our neuroradiologist carefully examined the
scans of each patient.

Results: We found no distinguishing abnormalities in the brain MRIs of the genetic ALS patients reviewed.
QSM of the motor cortices and corticospinal tracts showed increase in susceptibility, which is not unique
to any speci�c type of ALS.

Discussion:  MRI/QSM may not be useful in distinguishing ALS patients with the C9ORF72 or SOD1
mutations. This could re�ect that the amount of protein aggregation may not be directly related to axonal
loss, or that they affect certain neurons/tracts more than others.

Introduction
The most common form of familial ALS is due to the C9ORF72 gene.1 Patients with this kind of familial
ALS tend to develop more protein aggregates in the cerebellum and temporal lobes on pathology.1-3 The
second most common form of familial ALS is due to the SOD1 gene.1 Patients with this kind of genetic
ALS tend to develop more protein aggregates in the frontal and temporal lobes, in addition to the anterior
horns of the spinal cord on pathology.4-7 Other means of looking for these signs are not established.
Brain MRI quantitative susceptibility mapping analysis (QSM) identi�es degenerating neurons in the
motor cortex because of abnormal iron deposition.3 Currently, we use this technique to examine
susceptibility in the motor cortex, which is typically increased in motor neuron disease, correlating with
the clinical syndrome and becomes more prominent as the burden of disease increases.3

We designed a study to retrospectively assess the MRI/QSM in Familial ALS patients with C9ORF72 and
SOD1 genetic mutations for changes in the cerebellum and temporal lobes in C9ORF72 patients or the
frontal, temporal and occipital lobes in SOD1 patients. Our goal was to use MRI/QSM to distinguish ALS
patients with the C9ORF72 or SOD1 mutations from other kinds of genetic or sporadic ALS patients.

Methods
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All patients with suspected ALS seen in Neurology at Hospital For Special Surgery from 2013 through
2018 having C9ORF72 or SOD1 mutations were reviewed retrospectively. In the C9ORF72 group, we
identi�ed 16 patients, 7 of which had an MRI with QSM. In the SOD1 group, we identi�ed 8 patients, 3 of
which had an MRI with QSM. Our neuroradiologist examined the scans of each patient with special
attention to the cerebella and temporal lobes in the C9ORF72 group and the frontal and temporal lobes in
the SOD1 group. 

Results
Results are summarized in Table 1. We found no abnormalities in the cerebella or temporal lobes of any
of the patients with C9ORF72 familial ALS who had MRI/QSM done. Likewise, we found no abnormalities
in the frontal or temporal lobes of patients with SOD1 ALS who had MRI/QSM done. QSM of the motor
cortices showed increase in susceptibility that correlated with disease burden, as measured by total MRC
scores. This �nding is not unique to any speci�c type of ALS. Only slightly increased susceptibility on
QSM was seen in the patients with A4V subtype.

Discussion
The lack of distinguishing imaging �ndings to re�ect pathological �ndings could re�ect that the amount
of iron deposition may not be directly related to protein aggregation or axonal loss, or that certain
neurons or tracts are more affected than others. Susceptibility on QSM seen in patients with A4V subtype
has been established to be less than in other types of ALS and our results support this.8 Since we found
no distinguishing imaging features in the MRIs of patients with genetic ALS, we believe that MRI/QSM
may not be useful in identifying ALS patients with C9ORF72 or SOD1 mutations.  This study was limited
by sample size, given the rarity of the disease and further rarity of its genetic subtypes. Future research to
con�rm the pathological differences between brain regions and to clarify the role of iron deposition in
motor neuron disease would be helpful.

Appendix 1: Tables
Table 1: Summary of Results
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Subject #
(mutation)

Sum of
MRC
Strength
Scores

MRI Results

1
(C9ORF72)

200 Normal (Normal cerebellum, normal QSM, No parenchymal volume loss, No
signal abnormality)

2
(C9ORF72)

2 Unremarkable MRI of the brain for age. Subtle hyperintensity is noted along
the cortex of the precentral gyri bilaterally. Minimal increase iron deposition
in bilateral hand and face, normal cerebellum, minimal white matter
disease, no parenchymal volume loss, increased T2 signal in the
corticospinal tracts bilaterally.

3
(C9ORF72)

126 Asymmetric right more than left increased susceptibility within the motor
portion cortices with associated minimal diffusion hyperintensity involving
the right motor cortex and a subtle increased T2 signal within the
subcortical white matter of the bilateral precentral gyri. There is no
abnormal signal along the course of the cortical spinal tracts. These
�ndings have been reported in the setting of upper motor neuron diseases
such as PLS and ALS. Minimal nonspeci�c supratentorial white matter
disease most likely re�ect chronic microvascular ischemia. Mild diffuse
parenchymal volume loss is also noted.  Increased iron deposition in
bilateral hand and face, more on the right  normal cerebellum, normal
temporal lobes. Corticospinal tracts look normal.

4
(C9ORF72)

  No QSM, but SWI done showing bilateral, symmetric hand more than face
increased iron deposition. No parenchymal volume loss. Normal
cerebellum. Increased T2 signal in the corticospinal tracts.

5
(C9ORF72)

6 Motor cortex susceptibility WNL for age.  Moderately increased iron
deposition in the face and hand. Subtle T2 increased signal in corticospinal
tracts. Normal cerebellum. Mild white matter disease.

6
(C9ORF72)

7 Questionable minimal increase in susceptibility effect within the posterior
cortex of the precentral gyri, most pronounced within the right facial
homunculus.  Moderate global parenchymal volume loss with white matter
disease. Cerebellar volume loss is proportionate to other volume loss.
Mildly increased iron deposition in bilateral hand (symmetric) and face (on
the right more than left.)

7
(C9ORF72)

  Global atrophy. Normal cerebellum. Increased T2 signal in corticospinal
tracts. Increased iron deposition in hand and face more than leg.

8
(C9ORF72)

  Apparent interval decrease in size of right-sided vestibular schwannoma.
Correlation with dedicated gadolinium enhanced posterior fossa imaging is
suggested for better characterization. Mild to moderate nonspeci�c
supratentorial white matter disease and a pattern most compatible with
chronic microvascular ischemia, stable since April 10, 2017 progressed
since November 12, 2012. No acute infarction. Mild abnormal asymmetric
increased and iron deposition within the posterior cortex of the precentral
gyri, left more than right, with involvement of the leg, hand and fascial
portion of the motor cortex homunculus.  Vestibular schwannoma. Mild
increased iron deposition in the face more than hand. Moderate white
matter disease. Mild parenchymal volume loss. Normal cerebellum. Normal
corticospinal tracts.

9 200 Normal (Normal cerebellum, normal QSM, No parenchymal volume loss, No
signal abnormality)
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(SOD1
A4V)

10

(SOD1
A4V)

119 Normal (Mild symmetrically qualitative increase in susceptibility effect
within the bilateral motor cortices. No abnormal T2 hyperintensity is noted
along the expected course of the corticospinal tracts.)

11

(SOD1

D90)

178 Bilateral QSM changes with corticospinal tract enhancement.

Magnetic resonance imaging of the brain demonstrates severe

supratentorial burden of disease manifest ed by prominent pericallosal and
periventricular white matter disease foci, without diffusion restriction to
suggest active demyelination. These �ndings most likely represent
changes of demyelinating disorder such as multiple sclerosis.
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