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ABSTRACT

Bald's concentric sclerosis is a primary inflammatory central nervous system
demyelinating disease that is considered a rare, radiographically and
pathologically distinct variant of multiple sclerosis. Balé's concentric
sclerosis is characterized by alternating rings of demyelinated and
myelinated axons, and it is most frequently diagnosed postmortem by
autopsy or, more recently, by magnetic resonance imaging without
pathologic verification. This report is of a case of Bal4's concentric sclerosis
in which the patient presented with left-sided focal sensorimotor deficits. The
patient's lesion demonstrated characteristics of Bald's concentric sclerosis by
magnetic resonance imaging, but since a neoplastic process was also
suspected initially, the patient underwent a surgical biopsy. This pathology
sample now provides the opportunity to correlate the tissue diagnosis of
demyelination with characteristic magnetic resonance imaging findings; this
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comparison is infrequently found in the literature.

CASE REPORT

CASE REPORT

A 55 vyear-old right-handed African American male
presented to his primary care physician because of the new
onset of a headache, left sided numbness, weakness, and
clumsiness. He reported going to sleep with a headache and
waking up the next day with left arm and leg numbness as well
as left hand weakness and clumsiness. These symptoms
persisted for several days, so the patient decided to seek care.
The patient's primary care provider then referred him to our
institution for further work-up. The patient presented to our
institution 10 days following his symptom onset and reported
that he still had some numbness and tingling on the left side of
his body as well as left hand weakness and clumsiness.
Physical examination at that time revealed left pronator drift,
left Hoffmann's sign, decreased muscle strength in the left
upper and lower extremities, and increased reflexes in the left
upper and lower extremities. Sensation was intact bilaterally.
The patient reported having a separate but similar episode of
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left sided weakness and numbness that occurred 3-4 months
previously and that lasted for 3 days before spontaneously
resolving.

The patient's MRI showed a round lesion with concentric
ring enhancement in the right precentral gyrus with
surrounding edema and no mass effect. The concentric rings
were hypointense and isointense on T1-weighted images, and
the hypointense regions showed complete enhancement after
contrast administration (Images 1-2 and 3-4, respectively). The
concentric rings were hyperintense and isointense on T2-
weighted images (Images 5 and 6). The 1.9 x 1.6 x 1.1 cm
lesion also showed restricted diffusion (Images 7 and 8). The
location of this mass in the right precentral gyrus/primary
motor cortex correlated with the patient's symptoms. A few
tiny T2 hyperintense foci were also identified in the
periventricular region perpendicular to the long axis of the
ventricles (Image 9).
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Following imaging, the differential diagnosis included a
demyelinating lesion or a neoplastic process. For further
evaluation, the patient underwent a right frontoparietal
craniotomy, and no solid tumor was identified. An intra-
operative ultrasound was used to localize the mass and guide a
tissue biopsy. Frozen specimens were diagnostic of a
demyelinating lesion rather than a neoplasm, and this diagnosis
was confirmed in the final pathology examination of fixed
tissues.

Following the pathology report, cervical and thoracic
spine MRIs were subsequently performed; these images
showed non-enhancing plaques in the cervical region (Image
10). CSF analysis was not done due to recent neurosurgery,
but the diagnosis of multiple sclerosis (MS), and specifically
of Balo's concentric sclerosis, was strongly suggested based on
the clinical history, pathology report, and imaging findings.
Thus, the patient was prescribed a 3-day course of
methylprednisolone 500 mg IV BID (twice daily). He showed
improvement in his left sided muscle strength during his 5-day
hospital stay with this treatment.

The patient returned for a follow-up appointment 2
months later at which time he had regained considerable
strength on his left side. During this clinic visit, the patient
recalled having several episodes of left sided weakness and
numbness in the past; these episodes typically lasted several
weeks before resolving spontaneously. He was diagnosed with
MS and started on Interferon beta-la. The patient has been
doing well on Interferon beta-1a and has not reported any
exacerbations of MS as of his visit in the neurology clinic 24
months after his hospitalization. The patient opted to not
perform any follow up imaging studies despite phone calls
from neurosurgery and radiology.

DISCUSSION

Bald's concentric sclerosis (BCS) is a rare entity that is
characterized by alternating bands of myelinated and partially
demyelinated axons. It is hypothesized that these bands either
represent remyelination of previously demyelinated regions or
early stages of acute demyelination. These rings are thought to
develop from an initial core region of demyelination around
which a protective inflammatory ring develops in an attempt to
isolate and prevent further expansion of demyelination. The
central core eventually breaks through, but the ring is spared
from damage, leaving a myelinated band between the areas of
demyelination. Rings continue to form in this manner [1, 2].

BCS can present clinically as a single manifestation or any
combination of neurological symptoms including headache,
numbness, weakness, seizures, aphasia, and cognitive or
behavior dysfunction. This variety of symptoms can be
attributed to the numerous locations that BCS lesions can be
found; potential sites include the cerebral hemispheres,
cerebellum, brain stem, spinal cord, and optic chiasm. Roughly
85 cases of BCS have been reported in the literature, and most
of those were reported in relatively young males, ranging from
4 to 56 years old [1, 3].
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The clinical course of BCS can be classified into the
following types: a single and self-limited event, relapsing-
remitting, and primary progressive. Early reports indicated that
the clinical course was often primary progressive with death
coming in weeks to months, but more recent reports show
extended survival, spontaneous remission, and asymptomatic
cases. Improved outcomes are partially due to MRI detection
and early treatment with corticosteroids [4].

MRI is often used to diagnose BCS, and irregular,
concentric rings are thought to be pathognomonic for the
disease. These concentric rings represent alternating areas of
demyelinated and myelinated axons, shown by characteristic
intensities on various MRI sequences. Acute disease activity
involving demyelination, gliosis, and perivascular lymphocytic
infiltration is hyperintense on T2-weighted images; these
hyperintense areas alternate with isointense rings, which
represent areas of preserved myelination. Isointense rings on
T1-weighted images also correspond to areas of myelination,
but demyelinated zones appear as hypointense rings.
Moreover, post-gadolinium contrast T1-weight images
demonstrate concentric ring enhancement at sites of increased
blood brain barrier permeability and inflammation responsible
for demyelination [5, 6].

Acute BCS lesions have also been reported to have a
characteristic MR spectroscopy pattern of decreased N-
acetylaspartate peak (reflecting neuronal loss), elevated lactate
peak (suggesting impaired aerobic metabolism), and elevated
choline and lipid peaks (consistent with increased lipid
membrane turnover, inflammation, and/or gliosis) [7, §].

Diffusion-weighted imaging (DWI) along with diffusion
coefficient maps can help to confirm the presence of BCS.
Restricted diffusion, which is shown as high signal intensity on
DWI, has been described in areas of active demyelination,
while areas of facilitated diffusion are represented by low
signal intensity. Thus, BCS lesions demonstrate alternating
rings of high and low signal intensity, representing
demyelinated and myelinated areas, respectively. Sequential
imaging has shown that restricted diffusion is initially present
around the central core of the lesion and then spreads
outwardly, which supports the theory that acute demyelination
moves concentrically from the central core. The diffusion
coefficient map can further confirm the presence of restricted
diffusion, which is demonstrated as low signal intensity, while
relatively unrestricted diffusion is shown as high signal
intensity. DWI typically shows fewer rings compared to T2-
weighted images because of lower spatial resolution [2, 7].

The concentric rings visualized on imaging correlate with
the alternating rings of myelin preservation or remyelination
and demyelination demonstrated in tissue specimens,
especially with the assistance of myelin stains. This pattern is
demonstrable in autopsy specimens, but is unlikely to be
appreciable in biopsies which will usually lack large samples
of the entire lesions, as was the case for our patient's biopsy. A
standard myelin stain, Luxol Fast Blue (LFB), shows intact
myelin as blue whereas demyelinated areas appear unstained,
or, when combined with Hematoxylin and Eosin, pink. Thus,
the classic autopsy pathology specimens of BCS lesions
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consist of alternating rings of blue (normal well-myelinated
white matter) and pink (hypercellular, demeylinated areas).
When the biopsy is done within about two weeks of the onset
of demyelination, myelin debris can also be visualized as LFB-
blue spots within macrophages. Bielschowsky silver stains can
be used to demonstrate relative preservation of axons [8, 9].
The demyelinated (pink) bands in the tissue section can be
correlated with the hyperintense areas on T2-weighted images,
the hypointense rings on T1-weighted images, the areas of
enhancement on the post-gadolinium contrast T1-weight
images, and the rings of restricted diffusion or high signal
intensity on DWI. Further, these areas of demyelination
represent active disease.

Sequential imaging has shown that BCS lesions lose their
characteristic ring appearance over variable durations of time
and often coalesce into typical demyelinated plaque-like MS
lesions [7]. Some concentric patterns are no longer evident on
imaging seven weeks after symptom onset while some are still
present over a year later [10].

The differential diagnosis for a suspected BCS lesion
includes acute disseminated encephalomyelitis (ADEM),
“ordinary” MS, and a primary neoplasm [4]. In this case a
primary neoplasm was initially suspected. Depending on the
type of brain tumor, CT and MRI findings vary significantly.
The most common primary tumors of concern here are high
grade gliomas. MRI of such tumors will typically show an
enhancing mass around which there is surrounding abnormal
signal, hypo- or iso-intense on T1-weighted images and bright
on T2-weighted (and FLAIR) images. This abnormal signal
around the enhancing mass is often regarded as "edema" but
for gliomas can represent brain tissue invaded by tumor cells,
whereas with metastatic tumors (such as carcinomas and
melanomas), it usually represents edematous brain without
tumor cells [11].

MRI is more useful than CT to identify demyelinating
lesions, including BCS, MS, and ADEM. With MRI, acute or
active MS lesions are usually smaller and more sharply
demarcated than BCS or ADEM lesions, and ADEM lesions
are more extensive. ADEM lesions appear as increased signal
intensity on T2-weighted MRI and decreased signal intensity
on T1-weighted MRI; some lesions may enhance after contrast
administration. MS and ADEM can look very similar by MRI,
but serial studies can be useful to distinguish them because
findings of new lesions would suggest MS. Post-contrast
images in MS also show a mixture of enhancing and non-
enhancing lesions due to the temporal dissemination in MS.
Similar to BCS, active lesions in both MS and ADEM can
demonstrate restricted diffusion (high signal intensity) on DWI
[4, 12, 13].

CT and CSF findings can serve as adjuncts to MRI. CT
scans in ADEM are often normal at onset and abnormal 5-14
days later, showing low attenuation, multifocal lesions in the
subcortical white matter. CT findings in MS and BCS are
variable; some patients have normal CT scans and some show
low attenuation lesions [13]. CSF studies in BCS typically
reveal a mononuclear inflammatory reaction and occasional
oligoclonal bands compared to more numerous oligoclonal
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bands typically found in the CSF of classical MS patients. CSF
findings in ADEM commonly show pleocytosis and elevated
protein levels [4].

Similar to the findings in this case report, other authors
have described BCS lesions along with more typical MS
lesions [3, 6, 14]. However, BCS lesions have been shown to
disappear or shrink on follow-up MR imaging while MS
lesions typically do not [12]. Follow-up imaging has not yet
been done for the patient in this case report as he decided not
to perform any follow-up imaging, but the patient is doing well
without clinical evidence of recurrent disease after 2 years.

Early diagnosis with characteristic MRI findings for BCS
is important because patients have responded favorably to
treatment with corticosteroids [4]. Since tissue biopsy is not
routinely used to diagnose BCS, this case report provides a
rare opportunity to correlate pathology findings to MR images.

TEACHING POINT

Bald's concentric sclerosis (BCS) is a rare, pathologically
and radiographically distinct variant of multiple sclerosis, and
it is characterized by alternating rings of demyelinated and
myelinated axons. The myelinated rings correlate with the
isointense areas on T2- and T1-weighted images and low
signal intensity on DWI; these areas alternate with the
demyelinated rings, which appear as hyperintense areas on T2-
weighted images, hypointense rings on T1-weighted images,
areas of enhancement on post-gadolinium contrast T1-weight
images, and rings of restricted diffusion (high signal intensity)
on DWI.
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FIGURES

Figure 1: 55 year-old male with Bald's concentric sclerosis.
This axial T1-weighted MR image shows a non-uniform,
round mass (circled) with irregular alternating bands of
hypointense and isointense signal, representing demyelinated
and myelinated areas, respectively. There is surrounding
edema and no mass effect. The lesion measures 1.9 cm x 1.6
cm x 1.1 cm in AP, transverse, and craniocaudal directions.
This mass is located in the right precentral gyrus,
corresponding to the region of the motor strip and hand area.
(Protocol: 1.5 tesla magnet strength, 5 mm slice thickness, TR:
468, TE: 12)

Figure 2: 55 year-old male with Bald's concentric sclerosis.
This magnified view of the axial T1-weighted MR image
shows a non-uniform, round mass (circled) with irregular
alternating bands of hypointense and isointense signal,
representing demyelinated and myelinated areas, respectively.
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There is surrounding edema and no mass effect. The lesion
measures 1.9 cm x 1.6 cm x 1.1 cm in AP, transverse, and
craniocaudal directions. This mass is located in the right
precentral gyrus, corresponding to the region of the motor strip
and hand area. (Protocol: 1.5 tesla magnet strength, 5 mm slice
thickness, TR: 468, TE: 12)

Bald's concentric sclerosis: imaging findings and pathological correlation

Darke et al.

enhance after contrast administration. This enhancement is
demonstrated by the hyperintense ring circled in this image.
Areas of myelination remain isointense as they were in the
non-contrast T1-weighted image. The lesion has surrounding
edema but no mass effect.

(Protocol: 1.5 tesla magnet strength, 5 mm slice thickness, TR:
657, TE: 12, 18.5 mL of gadolinium contrast given)

Figure 3: 55 year-old male with Bald's concentric sclerosis.
This axial contrast enhanced T1-weighted MR image shows
that the areas of demyelination enhance after contrast
administration. This enhancement is demonstrated by the
hyperintense ring circled in this image. Areas of myelination
remain isointense as they were in the non-contrast T 1-weighted
image. The lesion has surrounding edema but no mass effect.
(Protocol: 1.5 tesla magnet strength, 5 mm slice thickness, TR:
657, TE: 12, 18.5 mL of gadolinium contrast given)

Figure 5: 55 year-old male with Bald's concentric sclerosis.
This axial T2-weighted MR image shows the non-uniform,
round mass (circled) with alternating areas of isointense and
hyperintense signals, corresponding to myelinated and
demyelinated tissue, respectively. There is surrounding edema
without mass effect.

(Protocol: 1.5 tesla magnet strength, 5 mm slice thickness, TR:
3300, TE: 97)

Figure 4: 55 year-old male with Balé's concentric sclerosis.
This magnified view of the axial contrast enhanced T1-
weighted MR image shows that the areas of demyelination
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Figure 6: 55 year-old male with Bald's concentric sclerosis.
This magnified view of the axial T2-weighted MR image
shows the non-uniform, round mass (circled) with alternating

5

WO SaSe)ATO[0IpRY MMM



Journal of Radiology Case Reports

Neuroradiology:

areas of isointense and hyperintense signals, corresponding to
myelinated and demyelinated tissue, respectively. There is
surrounding edema without mass effect.

(Protocol: 1.5 tesla magnet strength, 5 mm slice thickness, TR:
3300, TE: 97)

Figure 7: 55 year-old male with Bald's concentric sclerosis.
This diffusion-weighted MR image shows the mass (circled) as
a central core of low signal with high signal intensity in
intermediate and outer rings. Restricted diffusion, which is
shown as high signal intensity, is in areas of active
demyelination while areas of facilitated diffusion are
represented by low signal intensity.

(Protocol: 1.5 tesla magnet strength, 5 mm slice thickness, TR:
3600, TE: 89)

Figure 8: 55 year-old male with Balé's concentric sclerosis.
This diffusion coefficient map further confirms the presence of
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restricted diffusion, which is demonstrated as low signal
intensity, in the intermediate ring of the mass (circled).
Relatively unrestricted diffusion is shown as high signal
intensity.

(Protocol: 1.5 tesla magnet strength, 5 mm slice thickness, TR:
3600, TE: 89)

Figure 9: 55 year-old male with Bald's concentric sclerosis.
This axial T2-weighted MR image highlights tiny,
nonsymmetrical hyperintense foci (circled) that are seen in the
periventricular and subcortical white matter and the
septocallosal interface. These lesions represent areas of
demyelination and support the diagnosis of multiple sclerosis.
(Protocol: 1.5 tesla magnet strength, 5 mm slice thickness, TR:
3300, TE: 97)
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Figure 10: 55 year-old male with Bald's concentric sclerosis.
This sagittal STIR MR image of the cervical spine shows two
hyperintense foci that measure 6 mm and 5 mm in diameter

(circled) and are located at the

Figure 11: 55 year-old male with Bald's concentric sclerosis.
The Luxol Fast Blue/H&E combination stain of the biopsy
specimen shows the demyelinated lesion as a hypercellular
focus (pink, arrow) bounded by less cellular normal
myelinated white matter (stained blue, outlined by yellow
lines). There is also Luxol Fast Blue positive debris (myelin
fragments) in many of the histiocytes. There is gliosis both
within the demyelinated areas and in the surrounding zones

with preserved myelin.
level of C2 and C5,

respectively. These lesions also represent areas of
demyelination and further support the diagnosis of multiple

sclerosis.

(Protocol: 1.5 tesla magnet strength, 3 mm slice thickness, TR:

4230, TE: 42)

Etiology

Demyelination of axons of the central nervous system

Incidence

Rare

Gender ratio

Present in males slightly more than females

Age predilection

Mostly in patients 4 to 56 years old

Risk factors

Male, 4-56 years old, others unknown

Treatment

Corticosteroids

Prognosis

Wide range from death within a few weeks to asymptomatic cases

Findings on imaging | Irregular, concentric rings
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Table 1: Summary table for Balé's Concentric Sclerosis
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attenuation lesions

demyelinated
(hypointense)
and myelinated
(isointense)
axons

enhancement in
demyelinated
areas

(hyperintense) and
myelinated
(isointense) axons
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CT MRI -T1 MRI-T1 MRI -T2 MRI - DWI
post-contrast
Bald’s concentric | Normal or may Alternating Avid Alternating rings | Alternating rings of
sclerosis show low rings of Concentric ring | of demyelinated demyelinated (high

signal intensity or
restriction diffusion)
and myelinated (low
signal intensity) axons

Acute Usually normal at More extensive | Lesions may More extensive Lesions may show
disseminated onset and abnormal | hypointense enhance hyperintense restricted diffusion
encephalomyelitis | 5-14 days later; lesions lesions (high signal intensity)
low attenuation,
multifocal lesions
in the subcortical
white matter
Multiple sclerosis | Normal or may Smaller, more Mixture of Smaller, more Active plagues may

show low sharply enhancing and sharply show restricted
attenuation plaques | demarcated non-enhancing | demarcated diffusion (high signal
hypointense lesions hyperintense intensity)
lesions lesions
Primary neoplasm | Variable, mass Variable, but Variable Variable, but most | Usually no restricted
effect often seen, most show low appear bright diffusion

or intermediate
signal intensity

single lesion
common

Table 2: Differential diagnosis table for Bal6's Concentric Sclerosis

ABBREVIATIONS

ADEM = Acute disseminated encephalomyelitis
BCS = Bald's concentric sclerosis

CSF = cerebral spinal fluid

DWI = diffusion-weighted imaging

MRI = magnetic resonance imaging

MS = multiple sclerosis

KEYWORDS

Bald's concentric sclerosis; demyelinating disease; MRI;

Pathology

Radiology Case. 2013 Jun; 7(6):1-8

Online access

This publication is online available at:
www.radiologycases.com/index.php/radiologycases/article/view/1251

Peer discussion

Discuss this manuscript in our protected discussion forum at:
www.radiolopolis.com/forums/JRCR

Interactivity

This publication is available as an interactive article with

scroll, window/level, magnify and more features.
Available online at www.RadiologyCases.com

Published by EduRad

HXE

www.EduRad.org

W02 sase)AT0o[0IpRY MMM



