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ABSTRACT
BACKGROUND AND PURPOSE: Little is known about imaging features of spinal cord lesions in mitochondrial disorders. The aim of this
research was to assess the frequency, imaging features, and pathogenic variants causing primary mitochondrial disease in children with spinal
cord lesions.
MATERIALS AND METHODS: This retrospective analysis included patients seen at Children’s Hospital of Philadelphia between 2000 and
2019 who had a conﬁrmed diagnosis of a primary (genetic-based) mitochondrial disease and available MR imaging of the spine. The MR
imaging included at least both sagittal and axial fast spin-echo T2-weighted images. Spine images were independently reviewed by 2 neuroradiologists. Location and imaging features of spinal cord lesions were correlated and tested using the Fisher exact test.
RESULTS: Of 119 children with primary mitochondrial disease in whom MR imaging was available, only 33 of 119 (28%) had available
spine imaging for reanalysis. Nineteen of these 33 individuals (58%) had evidence of spinal cord lesions. Two main patterns of spinal
cord lesions were identiﬁed: group A (12/19; 63%) had white 6 gray matter involvement, and group B (7/19; 37%) had isolated gray
matter involvement. Group A spinal cord lesions were similar to those seen in patients with neuromyelitis optica spectrum disorder, multiple sclerosis, anti–myelin oligodendrocyte glycoprotein-IgG antibody disease, and leukoencephalopathy with brain stem
and spinal cord involvement and lactate elevation. Group B patients had spinal cord ﬁndings similar to those that occur with ischemia and viral infections. Signiﬁcant associations were seen between the pattern of lesions (group A versus group B) and the location of lesions in cervical versus thoracolumbar segments, respectively (P , .01).
CONCLUSIONS: Spinal cord lesions are frequently observed in children with primary mitochondrial disease and may mimic more
common causes such as demyelination and ischemia.
ABBREVIATIONS: mtDNA ¼ mitochondrial DNA; NMOSD ¼ neuromyelitis optica spectrum disorder; LBSL ¼ leukoencephalopathy with brain stem and spinal cord involvement and lactate elevation; MOG ¼ myelin oligodendrocyte glycoprotein; LHON ¼ Leber hereditary optic neuropathy; AQP4-Ab ¼ antiaquaporin 4 antibody

P

rimary mitochondrial disorders are a heterogeneous group of
genetic diseases that can present in childhood and cause
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multisystemic impairment, with particular involvement of the
CNS.1 Little is known about spinal cord lesions in individuals
with mitochondrial disorders despite the high frequency of brain
involvement and the several well-described cerebral imaging patterns. A recent review of original articles published between 1966
and 2017 focused on spinal cord findings in patients with mitochondrial disorders, concluding that the spinal cord may be
involved in various mitochondrial disorders.2 However, the different imaging patterns and the frequency of spinal cord lesions
in these patients remain poorly defined. One exception is the
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well-described spinal cord involvement that occurs in individuals
with leukoencephalopathy with brain stem and spinal cord
involvement and lactate elevation (LBSL) that is caused by pathogenic variants in DARS2, which is characterized by cervical spinal
lesions affecting the posterior columns and lateral corticospinal
tracts.3,4
Common mitochondrial disease phenotypes such as Leigh
syndrome, Kearns-Sayre syndrome, and POLG (polymerase
gamma)-related disorders and other pathogenic gene disorders
have not had spinal cord imaging results described, with the
exception of several small case reports and neuropathologic studies.5,6 To address this knowledge deficiency, the present study
aimed to assess the frequency, MR imaging features, and clinical
and genetic associations of spinal cord lesions that occur in children with primary (genetic-based) mitochondrial disease.

MATERIALS AND METHODS

FIG 1. Flowchart of patient selection and inclusion criteria for our
cohort.

Setting and Participants
This retrospective study was reported according to the
Strengthening the Reporting of Observational Studies in
Epidemiology statement.7 The study was conducted under an
approval by the institutional review board of The Children’s
Hospital of Philadelphia (CHOP) #18–015488. Clinical cases
were identified from the Mitochondrial Medicine Frontier
Program in IRB-approved CHOP Study #08–6177 (M.J.F.,
Principal Investigator) and by electronic medical record data
base search of brain MR imaging reports spanning January 2000
to January 2019 using the keywords “mitochondrial disease” or
“mitochondrial disorder.”
Included individuals had a genetically confirmed primary mitochondrial disorder identified by mitochondrial DNA sequencing, nuclear gene panel–based testing, or exome sequencing, with
inheritance pattern confirmed when parental samples were available, and had undergone spinal MR imaging, with images available for review of at least the cervical segment. Patients older
than 18 years of age at clinical onset and those with low-quality
images were excluded. To avoid classification bias, 1 pediatric
neurologist who specializes in mitochondrial disorders and 1
genetic counselor (20 and 8 years’ clinical experience, respectively) reviewed medical records to confirm pathogenic genetic
variants (mutations), clinical diagnosis, and the accuracy of the
collected clinical data.

Collected Data
Clinical data were abstracted from the medical record for age at disease onset, sex, clinical presentation at onset, age and clinical presentation at time of imaging, and genotypes. Children were classified
according to pathogenic variant, mitochondrial (mtDNA) or nuclear gene disorder, and mitochondrial pathway functional classifications.1 Neurologic symptoms present at the time of spinal cord
imaging study were recorded, as well as the results of testing for
CSF oligoclonal bands, serum antiaquaporin 4 antibody (AQP4Ab), and antimyelin oligodendrocyte glycoprotein antibodies (antiMOG), when available.
Spine MR imaging, previously performed for clinical purposes,
was independently reviewed by 2 neuroradiologists with more than
5 years of experience in pediatric neuroradiology. Disagreements
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were resolved by a third pediatric neuroradiologist (18 years of
experience). MR imaging was done on a variety of 1.5T and 3T
scanners (Siemens, GE Healthcare, Philips Healthcare). Studies
included at least sagittal and axial fast spin-echo T2-weighted MR
imaging: Axial T2—section thickness = 3–5 mm, section gap =
0–2.5 mm, TR = 2616–5720 ms, TE = 92–114 ms, flip angle =
90–160°, echo-train length = 14–29, acquisition matrix = 156–
320  108–240; Sagittal T2—section thickness = 3 mm, section
gap = 0–0.3 mm, TR = 2500–5150 ms, TE = 81–113 ms, flip
angle = 90–180°, echo-train length = 16–35, acquisition
matrix =184–448  134–336.
MR imaging examinations were reviewed on a PACS and data
were collected using a standardized form. Reviewers were blinded
to patients’ genetic diagnoses and clinical phenotypes.
Spinal cord MR imaging abnormalities were described
according to the spinal cord segment involved (cervical, thoracolumbar, or both), their longitudinal extent (long if $3 vertebral
bodies, or focal if ,3 vertebral bodies), and the transverse distribution of the lesions (central, anterior, posterior, lateral columns,
or whole cross-section). Spinal cord lesions were further classified
into 2 main imaging categories, with group A having involvement
of white matter (or both white and gray matter) and group B having exclusive involvement of gray matter.

Statistical Analysis
Data were analyzed using Statistica, version 13.5 (TIBCO Data
Science). Numeric variables were described according to their
distribution, with median and IQR. Categoric variables were
expressed as percentage and frequency. Associations of the location of lesions with patterns of the lesion (group A versus group
B) were tested using the Fisher exact test. Statistical significance
was defined as P , .05.

RESULTS
Among 119 children identified with genetically confirmed primary mitochondrial disease who underwent CNS MR imaging
studies, 33 had spine MR imaging performed of at least the cervical segment. Twenty of these 33 patients had MR imaging

FIG 2. Segment distribution of the lesions and different appearances. Three patients with MR imaging spinal cord lesions in different segments
of the spinal cord. Imaging in patient 1 (A and D) with an NDUFS1 pathogenic variant (c.365C.T:p.Pro122Leu and c.155 1 1G.A) shows a lesion
located in the cervical segment (arrow, A), at the level of C1, with a posterior and central distribution on the axial view (D) and extension to the
area postrema. Imaging in patient 2 (B and E) with MT-ND4 pathogenic variant (m.11777C.A) shows a spinal cord lesion with diffuse cross-sectional involvement (E), longitudinally extensive, and involving both cervical and thoracic levels, including the area postrema (arrow, B). Imaging in
patient 3 (C and F) with MT-ND5 pathogenic variant (m.13513G.A) shows a thoracolumbar lesion, extending to the conus medullaris, with isolated gray matter involvement and snake eyes appearance.

performed of the entire spine. Nineteen (19/119, 16% of all
patients with primary mitochondrial disease; 19/33, 58% of those
with spine MR imaging) demonstrated spinal cord lesions (Fig 1).
The median age at onset of clinical symptoms was 1.76 years
(IQR = 0.3–12.3 years), and the male:female ratio was 0.7:1.
Spine MR imaging studies were obtained for a variety of reasons: children demonstrating weakness (6/19, 32%), 3 of whom
had acute onset respiratory failure and were found to have brain
stem lesions extending to the spinal cord on brain MR imaging,
changes in gait (4/19, 21%), acute bowel and bladder symptoms
(4/19, 21%), scoliosis (2/19, 11%), and extremity tremor (2/19,
11%). Spinal myoclonus and vomiting were present in 1 child
each (1/19, 5%), with lesions extending to the area postrema
(Online Supplemental Data).
Sixteen (16/19, 84%) patients had lesions located at cervical
levels, of whom 6 had lesions that extended to thoracic levels.
Three (3/10, 30%) individuals had lesions restricted to the thoracolumbar levels that extended to the conus medullaris (Fig 2).
Eight (8/19, 42%) of the spinal cord lesions were longitudinally
extensive, and 11 (11/19, 58%) were focal in appearance. Six
children (6/19, 32%) had lesions reaching the area postrema,
and 3 (3/19, 16%) had lesions with a tumefactive appearance
(with cord expansion). Clinical, genetic, and main radiologic
findings of these cases with spinal cord involvement are

summarized in the Online Supplemental Data. Clinical and demographic features of all patients with a spine study are summarized in the Online Supplemental Data.
Involvement of the cross-sectional anatomy of the spinal cord
varied. Lesions were most frequently distributed centrally around
the central canal (11/19, 58%) followed by lesions involving the
posterior columns (7/19, 37%).
Two main imaging patterns of spinal cord lesions were identified. The group A pattern was present in 12 patients (12/19,
63%), with involvement of the peripheral white matter with or
without involvement of the central gray matter. This imaging pattern resembled that of demyelinating lesions.
Among the group A cohort, we further subdivided the lesions
into 3 major subgroups based on their imaging appearance consistent with typical patterns of particular demyelinating disorders:
neuromyelitis optica spectrum disorder (NMOSD)-like in 6 children, anti-MOG-like in 2 children, and MS-like in 2 children. In
the group A NMOSD-like MR imaging presentation, spinal cord
lesions were longitudinally extensive, mostly accompanied by
tumefactive effect and involvement of the area postrema (Fig 3).
No positive laboratory test results for AQP4-Ab were detected in
these patients. Group A patients who had spinal cord lesions with
anti-MOG-like imaging features demonstrated lesions that were
longitudinally extensive with diffuse cross-sectional involvement,
AJNR Am J Neuroradiol 42:389–96 Feb 2021 www.ajnr.org
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FIG 3. Group A, NMOSD appearance. A 12-year-old male patient with MT-ND4 pathogenic variant (m.11777C.A) with a demyelination-like pattern of the spinal cord lesion and NMOSD-like
appearance. Sagittal and axial T2 MR imaging of the cervical spine shows a longitudinal extensive
hyperintense lesion in both cervical and thoracic segments with a tumefactive effect and
involvement of the area postrema (arrow, A). The lesion has a diffuse cross-sectional involvement of the cord in the axial plane (B).

with more evident abnormalities in
the central gray matter giving the
“H sign” appearance (Fig 4). Of the
2 patients with anti-MOG-like MR
imaging patterns, 1 child with MTTL1 variant was tested for antiMOG antibodies because of a clinical presentation consistent with
acute disseminated encephalomyelitis and had positive antibody
results, leading to a final diagnosis
of anti-MOG antibody associated
disease in addition to the primary
mitochondrial disorder. The other
patient with an anti-MOG-like
imaging pattern was not evaluated
for the presence of serum antibodies. The 2 children with an MS-like
imaging appearance demonstrated
numerous lesions that were short in
length, located at the cervical and
thoracic levels, and distributed
within the white matter at the periphery of the cord. No CNS oligoclonal bands were found in these
children.

FIG 4. Group A, anti-MOG appearance. A 10-year-old female patient with a family diagnosis of LHON Leber’s hereditary optic neuropathy
(heteroplasmic m.14484T.C and homoplasmic m.15256G.A mtDNA variants) and MOG1 demyelination. Brain MR imaging study axial and coronal FLAIR sequences show asymmetric hyperintense lesions in the thalami, more evident on the right side (A), and enlargement and hyperintensity of the intraorbital left optic nerve (arrow, D). Sagittal and axial spinal MR imaging of the cervical (B and E) and thoracic segments (C and F)
show longitudinal extensive hyperintense lesions in both segments, with more evident involvement of the central gray matter, giving the
“H sign” appearance on the axial planes (arrowheads, E and F).
392
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FIG 5. Group A, LBSL appearance. MR imaging of 2 patients with leukoencephalopathy with brain stem and spinal cord involvement and
increased lactate (LBSL) appearance. Patient 1 (A–C) is a 6-month-old male patient with an NDUFS1 pathogenic variant. Patient 2 (D–F) is a 1-yearold male patient with a DARS2 pathogenic variant. In both patients, axial T2 sequences show symmetric hyperintense lesions, affecting both corticospinal tracts, in the pons (dotted arrows, A and D). Hyperintense lesions are also observed along the intraparenchymal portions of the trigeminal nerves (arrows, A and D) and medial lemnisci (arrowheads, A and D). Lesions affecting the pyramids (arrowheads, B and E) and inferior
cerebellar peduncles (arrows, B and E) are observed in the medulla.On axial T2-weighted cervical spinal MR imaging (C and F), hyperintense
lesions are seen in the dorsal columns (arrowheads) and lateral corticospinal tracts (arrows).

Moreover, 2 patients who were included in group A and designated to have selective white matter involvement presented with
imaging features of LBSL. These lesions involved the posterior and
lateral columns of the spinal cord in the cervical segment. One of
these children had pathogenic variants in DARS2, the commonly
known cause of this phenotype, but the other child had NDUFS1
pathogenic variants that were not previously associated with this
imaging phenotype. The brain MR imaging of these 2 patients was
consistent with the imaging phenotype of LBSL, showing symmetric
lesions affecting the bilateral corticospinal tracts, the intraparenchymal part of the trigeminal nerves, and the medial lemnisci (Fig 5).
The group B pattern was observed in 7 patients (7/19, 37%)
with lesions limited to the spinal cord gray matter, resembling
imaging features of spinal cord infarct or acute viral infections.
Regarding the clinical symptoms, whereas children in group A
often demonstrated acute symptoms, children in group B showed
gradually progressive symptoms, except for bowel and bladder
changes that were always acute. A significant association was found
between the pattern of lesions (group A versus group B) and lesions
involving the cervical versus thoracolumbar segments (P , .01).
Cervical lesions were more frequently observed in group A (12/12,
100%) as opposed to group B (4/7, 57%). Thoracolumbar lesions
extending to the conus medullaris were observed in group B (3/7,
43%) but not in group A (0/12, 0%).

DISCUSSION
Although a few publications have reported spinal cord lesions may
occur in very select mitochondrial disorders, limited evaluation has

been performed to characterize correlations between spinal cord
imaging findings and clinical phenotypes in a broad range of
patients with primary mitochondrial disease with well-defined
pathogenic causes.3,8-14 Here, we performed a comprehensive retrospective review of all spine imaging in patients with confirmed
primary mitochondrial disease over the past 2 decades, which has
clearly demonstrated that a high frequency of spinal cord lesions
occurs in children with primary mitochondrial disorders. Indeed,
spinal cord lesions were observed in more than half of our pediatric patients with primary mitochondrial disease who underwent
spine imaging.
A detailed description of the histopathologic features of spinal
cord lesions in mitochondrial disorders has shown damage of
motor, sensory, and autonomic fibers.2,3,6,8–10,15,16 Moreover, a
variety of findings, including the presence of ischemia, necrosis,
relative sparing of neurons, edema of the gray matter, vascular
congestion, and demyelination around the central canal and dorsal columns of the cervical cord, have been reported in the neuropathologic literature.5,17 These data support our study’s findings
that imaging features resemble different forms of pediatric demyelination and that more frequent distribution of lesions occurs
around the central canal and in the posterior columns of the spinal cord.
Studying the broad spectrum of imaging findings and patterns, we were able to classify the imaging appearance of the spinal cord lesions into 2 distinct patient subtypes, group A and
group B. Group A patterns included individuals with overlapping
imaging features of lesions observed in demyelinating disorders.
AJNR Am J Neuroradiol 42:389–96
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These lesions tend to be distributed in the cervical and thoracic
segments and were restricted to the white matter or affected both
white and gray matter. Group A patterns were present in half of
the patients with imaging findings typical of NMOSD,18 including tumefactive effect, longitudinal extensive lesions, and
involvement of the area postrema. These patients were clinically evaluated for demyelinating diseases but with negative
results for AQP4-Ab. Possible associations linking NMOSD
and mitochondrial disorders have been considered for many
years, mainly based on a few patients who demonstrated
imaging similarities of NMOSD in the context of having a diagnosis of Leber hereditary optic neuropathy (LHON).19,20 As one
example, Hudson et al21 sequenced the mtDNA genes commonly
known to cause LHON in patients with NMOSD, in addition to
specific mtDNA haplogroups that are preferentially associated
with pathogenic variants in complex I mtDNA gene that cause
LHON, in both patients with NMOSD and control participants.
The authors did not find any statistically significant association
between these 2 disorders.21
However, in recent literature, mtDNA has been increasingly recognized as an agonist of the innate immune system.
Its role in inflammasome activation as a damage-associated
molecular pattern is shown by its ability to induce the secretion of interleukin-1 b from microglia. 22,23 Interestingly,
levels of CSF mtDNA have been noted to be higher in
NMOSD AQP4-Ab–positive patients compared with those
with other neurologic disorders. Moreover, transfected cells
that express AQP4 when incubated with serum from
NMOSD AQ4-Ab–positive patients were shown to release
mtDNA.24 NMOSD AQP4-Ab–negative patients may show
similar imaging findings, including spinal cord features
resembling positive AQP4-Ab.18 Furthermore, primary mitochondrial dysfunction may induce microglial activation.
Microglial cells, in turn, can release reactive oxygen species
and proinflammatory cytokines, which are able to damage
essential components of the mitochondria such as mtDNA.25
We postulate that the mtDNA insult and release may trigger
neuroinflammation in predisposed individuals, as exemplified by
specific case observations. Interestingly, 2 patients in group A
who had lesions affecting the whole cross-section of the spinal
cord that involved most pronounced signal abnormality in the
central gray matter to give the “H sign” appearance were suspected in their differential diagnosis of having anti-MOG demyelination.26 Indeed, 1 of these children harbored a heteroplasmic
m.14484T.C known pathogenic variant and positive family
history of LHON and had a confirmed anti-MOG Ab diagnosis. Although the spinal cord imaging features for the other
patient were compatible for anti-MOG Ab phenotype, this
child was not tested because there had been no other supporting clinical indication.
Two children had short-length spinal cord lesions that
occurred in the periphery of the cord that involved only the white
matter in the cervical and thoracic segments, mimicking MS.
However, neither the brain imaging findings nor the laboratory
results supported the imaging-based diagnosis of MS.27 Reports
from the scientific literature highlight the difficulty of a clinical
394
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approach to patients affected by mitochondrial disorders who
also present with brain lesions resembling demyelination.28,29 We
believe that our study’s focus on spinal cord MR imaging findings
further supports the hypothesis of the mitochondrial cause of
these MS-like cases, which also present with overlapping imaging
features of autoimmunity.
Two other group A children from our cohort presented with
the typical imaging findings of LBSL (following previously established features).8 These included 1 child with DARS2 pathogenic
variants (a gene that encodes mitochondrial aspartyl-tRNA synthetase described in association with this imaging pattern)8 and the
other with NDUFS1 pathogenic variants, a nuclear gene encoding
a mitochondrial complex I subunit that has not previously been
associated with this unique imaging phenotype. Further imaging
characterization of larger prospective cohorts affected by these 2
pathogenic genes and related gene classes may be helpful to differentiate and optimize care for individuals with these genetic
disorders.
The children in group B included patients who presented with
features typical of spinal cord infarct, with all lesions localized
within the gray matter. Even though other disorders, such as
acute flaccid myelitis caused by viral infection, may present with
similar findings,30 there is indirect evidence that mitochondrial
dysfunction that impairs cellular energy production may be a
causal or contributing factor to ischemic tissue changes.31 Thus,
we believe that ischemic lesions remain the primary pathogenic
cause of isolated gray matter spinal cord lesions and accordingly
should be excluded in this context. Indeed, some of the ischemic
lesions that we identified in children with primary mitochondrial
disease occurred within the lower thoracolumbar segment,
extended to the conus medullaris, and had the classic ischemic
“snake-eye” appearance.32
Upon review of clinical phenotypes in our cohort with spinal
cord lesions, Leigh syndrome was the most frequently observed; it
was present in three-quarters of our cohort. Leigh syndrome cases
with spinal cord lesions had diverse gene causes in both genomes,
a range of pathogenic variants and lesions that could be grouped
into both spinal cord imaging patterns (groups A and B).
Patients with primary mitochondrial disease and spinal cord
lesions may present with several different neurologic symptoms,
such as monoparesis, spasticity, autonomic dysfunction, or sensory or motor transverse syndrome. Less frequently, asymptomatic cases may occur. Spinal deformities are also commonly
observed.2 However, it has not previously been clear in the literature whether these neurologic symptoms are sufficiently common
to support establishment of a standard MR imaging protocol or
interval to routinely analyze the spinal segment for patients with
primary mitochondrial disease. In our study, the most common
clinical symptoms that led to performing spine MR imaging or
brain MR imaging with subsequent spine evaluation (because of
lesions depicted on brain imaging in the upper spine) were acute
or progressive weakness and respiratory failure. Acute bowel or
bladder incontinence or retention, change in gait, neuromuscular
scoliosis, hyperreflexia, and myoclonus were also neurologic symptoms observed in our cohort. Moreover, individuals with acute
weakness had a higher frequency of group A spinal cord lesions
identified both at the cervical level and with longitudinally

extensive lesions. These data provide strong support to consider
updating imaging protocols for children with mitochondrial disease when they have concerning neurologic manifestations.
Further study will be needed to determine the potential utility of
obtaining spinal MR imaging in patients with definite primary
mitochondrial disease before the onset of severe neurologic evidence of spinal cord involvement.
The only statistically significant association observed was
between the location of the lesions and the cross-sectional imaging
pattern, with lesions involving the cervical segment more frequently
observed in group A (demyelination features, white 6 gray matter
involvement) and lower segment lesions (thoracic or thoracolumbar) more often observed in group B (ischemic features, selective
gray matter involvement).
Ascertainment bias is a potential limitation of our study
to estimate the frequency of spinal cord lesions in pediatric
patients with primary mitochondrial disease because most
individuals who had brain MR imaging performed during
the 2 decades of the study period did not undergo full spine
MR imaging. Indeed, all children evaluated in this study had
MR imaging performed for at least part of the spinal cord
because of pronounced neurologic signs or symptoms indicative of potential spinal cord involvement. Retrospective
analysis of spinal cord images in this symptomatic cohort
demonstrated the relatively high frequency of and value of
clinical spine MR imaging to identify spinal cord lesions in
patients with primary mitochondrial disorders who have
concerning neurologic presentations. Despite the relatively
low number of patients with definite mitochondrial disease
who had spine MR imaging available for review, this study is
the largest cohort reported to date and clearly demonstrates
that spinal cord lesions are not an infrequent finding in children with a diverse array of primary mitochondrial diseases.
Furthermore, these analyses discovered that 2 main imaging
patterns for spinal cord lesions occur in the context of primary
mitochondrial disease, which may help to broaden the differential
diagnosis of other common entities such as demyelination, ischemic, or viral disorders.

CONCLUSIONS
Spinal cord lesions are common in children with primary
mitochondrial disorder who manifest with neurologic
signs and symptoms. Spine imaging should be considered
if spinal cord involvement is suspected based on the clinical associations described in this report. Moreover, spinal
cord lesions related patients with primary mitochondrial
disease may mimic demyelination, with features that overlap with those of NMOSD, anti-MOG antibody–associated
demyelination, or MS, with a possible cervical predilection
(group A, white 6 gray matter involvement), or they may
mimic ischemia, with the classic snake-eye appearance and
may have a predilection along the lower segments of the spinal cord (group B, selective gray matter involvement). The
medical community should be aware that primary mitochondrial disorders affect the spinal cord with lesions similar to
those observed in cord autoimmunity and ischemia.
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