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Thoracic spinal cord lesions are influenced by the degree
of cervical spine involvement in multiple sclerosis

LH Hua1, SL Donlon2, MJ Sobhanian3, SM Portner3 and DT Okuda3

Study design: Cross-sectional analyses.
Objective: To determine whether cervical spinal cord lesions predict the presence of thoracic cord lesions in multiple sclerosis (MS)
patients.
Setting: Single MS Clinic, AZ, USA.
Methods: All MS patients, with MRI studies of the brain, cervical and thoracic spine obtained during a single scanning session, were
acquired during a 1-year period. Clinical, demographic and imaging covariates were used in a multivariate regression model to refine
predictors of thoracic cord involvement.
Results: A total of 687 patients were evaluated, and patients were excluded because of a diagnosis of other neurological disorders, not
meeting the 2010 McDonald criteria for MS (n=222) or incomplete neuraxis imaging (n=339). The study cohort comprised 126
patients. There was an increase in the odds ratio (OR) of thoracic spine involvement when any cervical spine lesion was present
(OR=6.08, 95% confidence interval (2.21–16.68), Po0.001). The multivariate logistic regression model demonstrated a substantial
and significant increase in the odds of thoracic spine involvement when more than two cervical spine lesions were present, two lesions
(OR 4.44, (0.91–21.60), P=0.06), three lesions (OR 19.76, (3.51–111.17), P=0.001), four or more lesions (OR 20.49, (1.97–
213.23), P=0.012) and diffuse lesions (OR 71.94, (5.28–979.88), P=0.001), when adjusting for significant covariates including
clinical symptoms, brain lesions, disease duration and treatment exposure.
Conclusions: Thoracic spinal cord lesions appear to be predicated on the degree of cervical spine involvement in patients with MS, a
risk that appears to be independent of brain findings or clinical features.
Spinal Cord (2015) 53, 520–525; doi:10.1038/sc.2014.238; published online 13 January 2015

INTRODUCTION

Multiple sclerosis (MS) is a heterogeneous autoimmune disorder
affecting myelin within the brain and spinal cord. Involvement of the
spinal cord parenchyma is correlated with disability outcomes in
MS,1–3 as well as higher conversion rates to clinically definite MS and
risk for a first clinical event related to central nervous system
demyelination in clinically and radiologically isolated syndromes,
respectively.4–7

To improve visualization of the spinal cord, cervical and thoracic
segments are acquired separately. Unfortunately, previous scientific
efforts either focused on the cervical spine exclusively or lacked
differentiation between clinical correlations of the cervical versus
thoracic spine.8,9 Although the cervical spine is more frequently
involved,10–12 approximately half of the lesions would be missed with
the exclusion of thoracic spinal cord data.13 Contributing to the
limited amount of data are patient costs, increased time within the
magnetic resonance imaging (MRI) scanner and the lack of payer
coverage in the absence of clinical symptoms that localize to that
region.
The principle aim of this investigation was to determine whether

the presence of cervical spine lesions predicted thoracic spinal cord
involvement on the basis of the tendency of lesions to co-localize.14 An

understanding of predictors of thoracic spinal cord involvement in MS
and the association between cervical and thoracic lesions may allow for
further insights into disease mechanisms, guide utilization of thoracic
spinal imaging and influence both clinical surveillance and therapeutic
recommendations by health-care providers.

MATERIALS AND METHODS

Selection of participants
All patients who were seen in a single MS clinic during the 2012 calendar year
with MRI studies of the brain, cervical and thoracic spine performed were
consecutively included in the study. Scans were acquired at varying MRI
facilities; however, the acquisition of the brain, cervical and thoracic spinal cord
during the same scanning session was required. Clinical and radiological data
were comprehensively reviewed to ensure that patients fulfilled the 2010
McDonald criteria for MS. Included were patients with relapsing remitting,
secondary progressive, primary progressive or progressive relapsing who were
classified by the treating MS specialist. Patients were excluded if they did not
meet the 2010 McDonald criteria for MS, carried a diagnosis of other
neuroinflammatory disease including neuromyelitis optica or lacked complete
MRI study sets acquired consecutively during a single imaging session.

Standard protocol approvals, registrations and patient consents
The research protocol was approved by the Institutional Review Board.
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Structural neuroimaging
All patients included had MRI studies of the brain and spinal cord at magnetic
field strengths of 1.5 T or 3.0 T at multiple facilities, yielding images from
nonuniform protocols. All examinations included T1- and T2-weighted spin-
echo sequences in multiple planes of view (axial, coronal and sagittal) with and
without gadolinium. All brain images included a fluid attenuation inversion
recovery (FLAIR) sequence, and all spinal cord studies contained short tau
inversion recovery (STIR) sequences.
MRI characteristics were classified by two MS specialists (SLD, DTO),

blinded to clinical characteristics. From the T2-weighted images the following
items were scored for the brain––the number of brain lesions, the presence of
gadolinium enhancement and the location of lesions (periventricular, infra-
tentorial, juxtacortical and optic nerve)––and for the spine––the presence of
cervical or thoracic spinal cord lesions typical for MS, spine lesion enhance-
ment, the lesion level and lesion location. For the lesion number, diffuse was
defined as large confluent signal changes in brain or coalescing appearance of
multifocal lesions in the spinal cord on sagittal view. Longitudinally extensive
lesions (greater than three spinal segments) were not considered diffuse. Spinal
cord lesion locations were defined by the following: anterior (ventral 2/3 of
spinal cord), posterior (posterior 1/3 of spinal cord), lateral (lateral 1/3 of cord,
right or left), central (surrounding central canal with normal periphery) or
patchy (admixed, well-defined, extensive and ‘dirty’ T2-hyperintensities)
(Figure 1).

Statistical analysis
Median with interquartile ranges (IQRs) (25–75th percentiles) were used to
summarize the demographic, clinical and radiological data.
Disease duration at the time of MRI acquisition was based on diagnosis date

and date of initial symptom onset. Symptoms experienced either before or at
the time of MRI acquisition were clinically localized on the basis of the
following definitions: unilateral (involving one side of the body such as
monoplegia or hemiplegia), bilateral (both sides involved such as paraplegia),
optic neuritis (vision loss with or without pain lasting 424 h and/or treatment

with steroids by their treating physician), cerebellar (gait ataxia, dysmetria,

clumsiness, central nystagmus without weakness or other explanation),

brainstem (central cranial nerve findings, intranuclear ophthalmoplegia), spinal

cord (paraplegia, sensory level, dissociated symptomatology and/or bladder/

bowel difficulties), long tract motor (motor symptoms not explained by nerve

root impingement or peripheral nerve distribution), long tract sensory (sensory

changes not in nerve root or peripheral nerve distribution) or cognitive (acute

worsening of cognition or executive functions concerning for relapse).
The performance of the presence of cervical spine lesions in predicting

thoracic spinal cord lesions was determined with true positives (subjects with

abnormal cervical spine and thoracic spine lesions), false positives (subjects

with abnormal cervical spine lesions and normal thoracic spine), true negatives

(subjects with normal cervical and thoracic spine) and false negatives (subjects

with normal cervical spine and abnormal thoracic spine lesions) used to

determine sensitivity, specificity, positive predictive value and negative

predictive value.
A multivariate logical regression model was used to further refine predictive

characteristics for the presence of thoracic spine involvement. Covariates

considered were sex, race/ethnicity (defined and classified by participant),

positive family history of MS, MS subtype, the presence of cervical spine

lesions, the number of cervical spine lesions, the presence of cervical spine

gadolinium enhancement, the number of brain lesions, the presence of brain

gadolinium enhancement, location of brain lesions, clinical localization of

symptoms, exposure to disease modifying therapies, exposure to glucocorti-

costeroids, age, disease duration based on diagnosis date and disease duration

based on first symptom onset. Covariates were screened in a univariate model;

those that appeared to be meaningful were included in the multivariate

regression model, generating odds ratios (OR), 95% confidence intervals

(CIs) and P-values. Sensitivity analyses were conducted to obtain a final

multivariate regression model. A P-value of o0.05 was considered significant.

Statistical analyses were performed using Stata/SE 12.0 (Stata Corporation,

College Station, TX, USA).

Figure 1 Examples of the proposed spinal cord lesion classification scheme. Axial T2 and sagittal STIR images of spinal cord lesions representing locations
that are anterior (a), posterior (b), right lateral (c), left lateral (d), central (e) and diffuse (f).
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RESULTS

A total of 687 patients were consecutively evaluated over a 1-year
period. From this group, 561 patients were excluded because of not
meeting the 2010 McDonald criteria, carrying a diagnosis of other
neuroinflammatory disease (n= 222) or incomplete neuraxis imaging
(n= 332). The final study cohort comprised 126 patients with MRI
scans performed in all three regions (that is, brain, cervical and
thoracic) during a single scanning session. Our cohort primarily
comprised women (74.6%), ages 14–71 years (median 39 years, IQR
32–49 years), who were white (61.9%) and with a relapsing remitting
disease course (90.5%). A total of 35% of the patients underwent MRI
scans of all three regions related to the assessment of baseline level of
disease at the time of diagnosis. The most common clinical symptom
experienced before or at the time of the first spinal MRI involved
impaired sensation (77.0%) that was unilateral (71.4%). Only 28.5%
of our cohort demonstrated symptoms referable to the spinal cord on
the basis of our definitions. Table 1 summarizes the demographic data
and clinical characteristics of the study cohort.
Imaging characteristics of the brain and spinal cord are presented in

Table 2. The majority of patients with brain lesions that were typical
for MS on the basis of morphological characteristics, size (exceeding

3mm2) and location were found in the lowest ordinal category of
1–5 lesions (23.0%), compared with higher lesion categories of
6–10 lesions (16.7%) and 11–15 lesions (11.9%). Periventricular
lesions were present in 124 (98.4%) patients. Juxtacortical lesions
were observed in 99 (78.6%), and gadolinium enhancement was

Table 1 Demographic data and clinical characteristics of the study

cohort

Cohort (n=126) Values

Median age, years (IQR) 39 (32–49)

Median disease duration (from diagnosis date), years (IQR) 4.52 (0.5–9.1)

Median disease duration (from initial symptom onset), years

(IQR)

6.21 (1.1–11.9)

Female, n (% of total patients) 94 (74.6)

Race/ethnicity, n (%)
White 78 (61.9)

African American 7 (5.56)

Hispanic 16 (12.7)

Native American 3 (2.4)

Mixed 3 (2.4)

Unknown 19 (15.1)

Family history of MS, n (%) 15 (11.9)

MS subtype, n (%)
Relapsing–remitting 114 (90.5)

Primary progressive 2 (1.6)

Secondary progressive 10 (7.9)

Clinical symptom localization,a n (%)
Unilateral event 90 (71.4)

Bilateral event 67 (53.2)

Optic neuritis 38 (30.2)

Cerebellar 6 (4.8)

Brainstem 30 (23.8)

Spinal cord 36 (28.6)

Motor 61 (48.4)

Sensory 97 (77.0)

Cognitive 7 (5.6)

Exposure to disease modifying therapy, n (%) 86 (68.3)

Exposure to glucocorticosteroids, n (%) 78 (61.9)

Abbreviations: IQR, interquartile range; MS, multiple sclerosis.
aAll symptomatic events preceding or at the time of cervical spine imaging were included; thus,
percentages may not add to 100.

Table 2 Imaging characteristics from brain, cervical and thoracic

spinal cord MRI studies

Characteristics (n=126) Values

Number of brain lesions, n (% of total patients)
1–5 29 (23.0)

6–10 21 (16.7)

11–15 15 (11.9)

16–20 5 (4.0)

21–25 9 (7.1)

26–30 8 (6.4)

31–35 6 (4.8)

36 or more 18 (14.3)

Diffuse 15 (11.9)

Gadolinium enhancing brain lesions, n (%) 39 (31.0)

Brain lesion location, n (%)
Periventricular 124 (98.4)

Juxtacortical 99 (78.6)

Infratentorial 74 (58.7)

Optic neuritis 4 (3.2)

Presence of cervical spine lesions, n (%) 105 (83.3)

Number of cervical spine lesions, n (%)
0 21 (16.7)

1 29 (23.0)

2 19 (15.1)

3 24 (19.1)

4 or more 15 (11.9)

Diffuse 18 (14.3)

Gadolinium enhancing cervical spinal cord lesions, n (%) 12 (9.5)

Lesion position within cervical spine, n (%)
Anterior 18 (7.2)

Posterior 48 (19.3)

Right lateral 63 (25.3)

Left lateral 65 (26.1)

Central 22 (8.8)

Presence of thoracic spine lesions, n (%) 86 (68.3)

Number of thoracic spine lesions, n (%)
0 40 (31.8)

1 18(14.3)

2 20 (15.9)

3 14 (11.1)

4 or more 10 (7.9)

Diffuse 24 (19.1)

Thoracic spine gadolinium enhancement, n (%) 8 (6.4)

Lesion position within thoracic spine, n (%)
Anterior 15 (7.9)

Posterior 21 (11.0)

Right lateral 40 (20.9)

Left lateral 36 (18.9)

Central 17 (8.9)

Patchy 62 (32.5)
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present in 39 (31.0%) patients. At least one or more lesions were
present in 83.3% (105/126) of cervical spinal cord studies with a
slightly lower observation rate within the thoracic region (68.3%
(86/126)). The most frequently affected levels were C2, C3, C4 and C5
in the cervical spine, whereas thoracic spine segments were more
evenly distributed (Figure 2). For the cervical cord, lesions were more
frequently lateral (51.4%) and posterior (19.3%), whereas thoracic
cord lesions were more frequently patchy (32.5%) or lateral (39.8%).
The diagnostic predictive value of cervical spine lesions on thoracic

spine involvement was determined with a sensitivity of 91.7% (95% CI

83.95–96.66), specificity of 35.0% (20.63–51.68) and positive pre-
dictive value of 75.2%. There was a 6.08 (95% CI 2.21–16.68,
Po0.001, χ2 test) increase in odds of thoracic spine involvement
when a cervical spine lesion was present.
To further characterize predictors of thoracic spine involvement, a

multivariate regression model was used to evaluate the relative
influences of several important baseline covariates (that is, age, sex,
disease duration, ethnicity, positive family history of MS, the number
and location of brain lesions, the number of cervical spine lesions,
clinical localization of symptoms and exposure to disease modifying
therapies or glucocorticosteroids). Covariates that did not survive
initial univariate testing were subsequently incorporated in the
sensitivity analyses to verify the final regression model. There was
no difference between the group of patients who underwent scanning
as part of baseline assessment of disease activity compared with those
who had scans performed at other times during their disease course.
Results of the final multivariate regression model are presented in
Table 3. A substantial and significant increase in the odds of thoracic
spine involvement was observed when more than 2 cervical spine
lesions were present: two lesions (OR 4.44, 95% CI 0.91–21.60,
P= 0.06), three lesions (OR 19.76, (3.51–111.17), P= 0.001), four or
more lesions (OR 20.49, (1.97–213.23), P= 0.012) and diffuse
involvement of the cervical spine (OR 71.94, (5.28–979.88),
P= 0.001). Enhancement within the cervical spinal cord (OR 0.13,
(0.18–1.00), P= 0.05), the presence of brainstem symptoms (OR 0.42,
(0.15–1.68), P= 0.262) and disease duration from first symptom onset
(OR= 2.36, (0.97–5.74), P= 0.057) were not significantly associated
with an increase in the odds of thoracic spine lesions.
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Figure 2 Spinal cord lesion distribution by the level involved. The frequency of each spinal level involved in the patients with spinal cord lesions (cervical
spine n=105, thoracic spine n=86).

Table 3 Multivariate logistical regression model for relative

contributions of covariates in predicting the presence of thoracic

spine lesions

Outcome—thoracic spine lesion OR 95% CI P-value

Number of cervical spine lesions (reference group 0 lesions)
1 1.53 0.41–5.68 0.53

2 4.44 0.91–21.60 0.06

3 19.76 3.51–111.17 0.001

4 or more 20.49 1.97–213.23 0.01

Diffuse 71.94 5.28–979.88 0.001

Presence of cervical spine lesion enhancement 0.13 0.18–1.00 0.05

Presence of brainstem symptoms 0.50 0.15–1.68 0.26

Disease duration from diagnosis date 0.42 0.17–1.01 0.05

Disease duration from first symptom onset 2.36 0.97–5.74 0.06

Abbreviations: CI, confidence interval; OR, odds ratio.
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DISCUSSION

This study identified a significant relationship between the presence of
cervical spine lesions in predicting thoracic spine involvement in MS.
Our results suggest an increase in risk for the presence of thoracic
spine lesions when one or more lesions are present within the cervical
spinal cord. Importantly, this observation was found to be indepen-
dent of the number of brain lesions, treatment exposure, clinical
symptoms and disease duration from first symptom onset.
Despite shortcomings of T2 techniques in identifying spinal

involvement, cervical spinal cord involvement has been demonstrated
to be related to disability outcomes in MS,2,15,16 specifically driven by
diffuse rather than focal involvement.17 Little is known about the
impact of thoracic spinal cord involvement; however, one study
showed modest correlations with thoracic spine T2 lesions and
disability measures of EDSS and timed 25 foot walk in a small cohort
of patients.18 In our cohort, diffuse lesions were the most frequent
occurrence in the thoracic spine (19%, 24/126), and the greatest risk
for thoracic spine involvement was associated with diffuse cervical
spine lesions (OR 71.94, P= 0.001). These findings highlight the
importance of including thoracic spine imaging to MS studies. By
characterizing diffuse thoracic spine involvement, future studies can
aide in our understanding of disability in MS. In addition, it would be
useful to exclude compressive processes of the thoracic region that
may be contributing to disability, especially in cases of progressive MS.
Our study reiterates that relying on brain lesions and clinical

symptoms may not be sufficient in determining thoracic spine
involvement and is consistent with previous studies demonstrating
the lack of correlating symptoms to spinal cord lesions.12 Many studies
have supported that spinal cord lesions can be asymptomatic and there
is value in adding cervical spine imaging.4,19 The use of routine
thoracic spine MR imaging varies widely in clinical practice and is not
used as an imaging outcome in clinical trials. Traditionally, MRI
studies of the spinal cord have been technically challenging given its
small mobile structure, surrounding tissues and susceptibility to
artifacts from the heart and great vessels. With technical advances,
spinal cord imaging has improved significantly and has become
essential in differentiating multiple sclerosis from other processes that
present with similar brain MRI findings.1 Historically, thoracic spine
involvement was thought to be infrequent compared with cervical
spine involvement.9–12 From an anatomical perspective, the cervical
spine has a greater cross-sectional area and contains more myelin per
spinal segment when compared with the thoracic spinal cord, and thus
the implication is that cervical spine is more frequently involved.
Limitations in imaging of this area with decreased spatial resolution,
increased susceptibility to pulsation artifact and motion associated
with thoracic imaging may be other potential contributors. As a result,
and because of the high acquisition cost to patients and to third party
payers, routine imaging of the thoracic spinal cord is not performed.
Our study challenges this notion, as 68% of our cohort demonstrated
thoracic spine involvement. In addition, the observation of the equal
spatial distribution of lesions within the thoracic spinal cord suggests
that imaging of the neuraxis may be of benefit in the management of
patients with MS.
Our study demonstrates that there is an increased risk of thoracic

spine involvement with an increasing number of cervical spinal cord
lesions. Three or more cervical spinal cord lesions were associated with
the presence of one or more thoracic spinal cord lesions. This
biologically plausible observation suggests that lesions within the
thoracic spinal cord may be forecasted on the basis of the degree of
cervical spinal cord involvement, as disease signatures in the rostral
cord would result in a higher theoretical risk for thoracic spinal cord

segments that are more numerous. Given the lack of an observed
independent nature of thoracic spinal cord lesion development, it is
unlikely that immune mechanisms with a heightened propensity for
the thoracic spinal cord parenchyma were responsible for our findings.
Limitations with this effort include the lack of systematically

acquired data with uniform MRI protocols, the cross-sectional nature
of the study design, the modest number of patients studied and
susceptibility of the study cohort to ascertainment bias, as only
patients with imaging studies of the brain, cervical and thoracic spinal
cord obtained during a single imaging session were included. Lack of
uniform MRI protocols reflects real world clinical practice, but all
MRIs contained typical MS sequences. If there were a tendency for
triplicate MRI studies to be performed only in those patients with
worse disease, one would expect higher lesion loads within the brain
and spinal cord regions. However, we did not see this in our cohort as
diffuse disease was only observed in 12% of brain studies, 14% of
cervical and in 19% of thoracic MRI studies. Other potential
limitations include the existing technological limitations with spinal
cord imaging and the potential of being unable to visualize lesions that
are truly present.20

In vivo imaging of the central nervous system has been invaluable in
the diagnosis and clinical surveillance of MS. The accurate assessment
of lesions within the spinal cord at the time of diagnosis, during
disease evolution and in response to treatment is important for patient
counseling, assessing future disability, treatment recommendations
and clinical management. Future efforts should be directed toward
evaluating the utility of not only cervical imaging but also thoracic
spinal cord imaging and the correlates to disability progression.
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