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r_} A 38-year-old woman presented to her primary care
— clinic with 3 weeks of progressive numbness and tingling
sensation, which began in both hands and then progressed
to involve both feet, ascending from the legs to the chest
while sparing her buttocks. She also noted weakness of her
left leg, but no other motor symptoms were reported. She
had no fevers, chills, weight loss, bladder dysfunction, nau-
sea, vomiting, or diarrhea.

As with all neurological complaints, localization of the process will
often inform a more specific differential diagnosis. If both sensory
and motor findings are present, both central and peripheral nerve
processes deserve consideration. The onset of paresthesia in the
hands, rapid progression to the trunk, and unilateral leg weak-
ness would be inconsistent with a length-dependent peripheral
neuropathy. The distribution of complaints and the sacral sparing
suggests a myelopathic process involving the cervical region rath-
er than a cauda equina or conus lesions. In an otherwise healthy
person of this age and gender, an inflammatory demyelinating
disease affecting the cord including multiple sclerosis (MS) would
be a strong consideration, although metabolic, vascular, infec-
tious, compressive, or neoplastic disease of the spinal cord could
also present with similar subacute onset and pattern of deficits.

r_} Her medical history included morbid obesity, dry eyes,
— depression, iron deficiency anemia requiring recurrent in-
travenous replenishment, and abnormal uterine bleeding. Her
surgical history included gastric band placement 7 years earlier
with removal 5 years later due to persistent gastroesophageal
reflux disease, dysphagia, nausea, and vomiting. The gastric
band removal was complicated by chronic abdominal pain. Her
medications consisted of duloxetine, intermittent iron infu-
sions, artificial tears, loratadine, and pregabalin. She was sexu-
ally active with her husband. She consumed alcohol occasion-
ally but did not smoke tobacco or use illicit drugs.
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On exam, her temperature was 36.6°C (97.8°F), blood
pressure 132/84 mm Hg, and heart rate 85 beats per min-
ute. Body mass index was 39.5 kg/m2 The cardiac, pulmo-
nary, and skin examinations were normal. The abdomen was
soft with diffuse tenderness to palpation without rebound
or guarding. Examination of cranial nerves 2-12 was normal.
Cognition, strength, proprioception, deep tendon reflexes,
and light touch were all normal. Her gait was normal, and the
Romberg test was negative.

The normal neurologic exam is reassuring but imperfectly
sensitive and does not eliminate the possibility of underlying
neuropathology. Bariatric surgery may result in an array of nu-
tritional deficiencies such as vitamin E, By,, and copper, which
can cause myelopathy and/or neuropathy. However, these ab-
normalities occur less frequently with gastric banding proce-
dures. If her dry eyes are part of the sicca syndrome, an under-
lying autoimmune diathesis may be present. Her unexplained
chronic abdominal pain prompts considering nonmenstrual
causes of iron deficiency anemia, such as celiac disease. Bariat-
ric surgery may contribute to iron deficiency through impaired
iron absorption. Her stable weight and lack of diarrhea argue
against Crohn's or celiac disease. Iron deficiency predisposes
individuals to pica, most commonly described with ice chip in-
gestion. If lead pica had occurred, abdominal and neurologi-
cal symptoms could result. Nevertheless, the abdominal pain
is nonspecific, and its occurrence after gastric band removal
makes its link to her neurologic syndrome unclear. An initial
evaluation would include basic metabolic panel, complete
blood count with differential, erythrocyte sedimentation rate,
C-reactive protein (CRP), thyroid-stimulating hormone, vitamin
B2, and copper levels.

r_} A basic metabolic panel was normal. The white cell
— count was 5,710 per cubic millimeter, hemoglobin level
12.2 g per deciliter, mean corpuscular volume 85.2 fl, and
platelet count 279,000 per cubic millimeter. The serum ferri-
tin level was 18 ng per milliliter (normal range, 13-150), iron
28 pg per deciliter (normal range, 50-170), total iron-binding
capacity 364 pg per deciliter (normal range, 250-450), and
iron saturation 8% (normal range, 20-55). The vitamin B, lev-
el was 621 pg per milliliter (normal range, 232-1,245) and thy-
roid-stimulating hormone level 1.87 units per milliliter (nor-
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mal range, 0.50-4.50). Electrolyte and aminotransferase levels
were within normal limits. CRP was 1.0 mg per deciliter (nor-
mal range, <0.5) and erythrocyte sedimentation rate 33 milli-
meters per hour (normal range, 4-25). Hepatitis C and HIV
antibodies were nonreactive.

The ongoing iron deficiency despite parenteral iron replace-
ment raises the question of ongoing gastrointestinal or gen-
itourinary blood loss. While the level of vitamin By, in the se-
rum may be misleadingly normal with cobalamin deficiency,
a methylmalonic acid level is indicated to evaluate whether
tissue stores are depleted. Copper levels are warranted given
the prior bariatric surgery. The mild elevations of inflammatory
markers are nonspecific but reduce the likelihood of a highly
inflammatory process to account for the neurological and ab-
dominal symptoms.

r_} At her 3-month follow-up visit, she noted that the pares-
— thesia had improved and was now limited to her bilateral
lower extremities. During the same clinic visit, she experi-
enced a 45-minute episode of ascending left upper extremity
numbness. Her physical examination revealed normal
strength and reflexes. She had diminished response to pin-
prick in both legs to the knees and in both hands to the
wrists. Vibration sense was diminished in the bilateral lower
extremities.

A glycosylated hemoglobin (HbA1c) level was 6.2%. Meth-
ylmalonic acid was 69 nmol per liter (normal range, 45-325).
Antibodies to Borrelia burgdorferi and Treponema pallidum
were absent. Impaired glucose metabolism was the leading
diagnosis for her polyneuropathy, and it was recommended
that she undergo an oral glucose tolerance test. Electromy-
ography was not performed.

The neurological symptoms are now chronic, and important-
ly, the patient has developed sensory deficits on neurological
examination, suggesting worsening of the underlying process.
While the paresthesia is now limited to a "“stocking/glove” dis-
tribution consistent with distal sensory polyneuropathy, there
should still be a concern for spinal cord pathology given that
the HbA1c level of 6.2 would not explain her initial distribution
of symptoms. Myelopathy may mimic peripheral nerve disease
if, for example, there is involvement of the dorsal columns
leading to sensory deficits of vibration and proprioception.
Additionally, the transient episode of upper extremity numb-
ness raises the question of sensory nerve root involvement (ie,
sensory radiculopathy). Unexplained abdominal pain could
possibly represent the involvement of other nerve roots inner-
vating the abdominal wall. The patient’s episode of focal arm
numbness recalls the lancinating radicular pain of tabes dor-
salis; however, the negative specific treponemal antibody test
excludes neurosyphilis.

The differential diagnosis going forward will be strongly con-
ditioned by the localization of the neurological lesion(s). To dif-
ferentiate between myelopathy, radiculopathy, and peripheral
neuropathy, | would perform nerve conduction studies, mag-
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netic resonance imaging (MRI) of the spinal cord, and cerebro-
spinal fluid analysis.

r_} The patient began taking a multivitamin, and after
— weeks her paresthesia had resolved. One month later,
she developed an intermittent, throbbing left-sided head-
ache and pain behind the left eye that was worsened with
ocular movement. She then noted decreased visual acuity in
her left eye that progressed the following month. She denied
photophobia, flashers, or floaters.

In the emergency department, visual acuity was 20/25 in
her right eye; in the left eye she was only able to count fin-
gers. Extraocular movements of both eyes were normal as
was her right pupillary reflex. Red desaturation and a relative
afferent papillary defect were present in the left eye. Fundo-
scopic exam demonstrated left optic disc swelling. The re-
mainder of her cranial nerves were normal. She had pronation
of the left upper extremity and mild right finger-to-nose dys-
metria. Muscle tone, strength, sensation, and deep tendon
reflexes were normal.

The improvement in the sensory symptoms was unlikely to be
related to the nutritional intervention and provides a clue to
an underlying waxing and waning illness. That interpretation is
supported by the subsequent development of new visual symp-
toms and signs, which point to optic nerve pathology. Optic
neuropathy has a broad differential diagnosis that includes isch-
emic, metabolic, toxic, and compressive causes. Eye pain, swell-
ing of the optic disc, and prominent impairment of color vision
all point to the more specific syndrome of optic neuritis caused
by infections (including both Treponema pallidum and Bor-
relia species), systemic autoimmune diseases (systemic lupus
erythematosus or Sjogren’s syndrome), and central nervous
system (CNS) demyelinating diseases. Of these, inflammatory
demyelinating processes would be the likeliest explanation of
intermittent and improving neurologic findings.

With relapsing symptoms and findings that are separate in
distribution and time, two diagnoses become most likely, and
both of these are most often diagnosed in young women. MS
is common, and optic neuritis occurs in more than 50% of pa-
tients over the course of illness. Neuromyelitis optica spectrum
disorder (NMOSD) is a rare condition that can exist in isola-
tion or be associated with other autoimmune illnesses. While
these entities are difficult to differentiate clinically, neuroimag-
ing that demonstrates extensive intracerebral demyelinating
lesions and cerebrospinal fluid with oligoclonal bands favor
MS, whereas extensive, predominant spinal cord involvement
is suggestive of NMOSD. Approximately 70% of NMO patients
harbor an antibody directed against the aquaporin-4 channel,
and these antibodies are not seen in patients with MS. A mild-
er NMO-like disorder has also been associated with antimyelin
oligodendrocyte antibodies (MOG).

r_} Testing for antinuclear antibodies, anti-double-strand-

' ed DNA, anti-Ro (SSA), and anti-La (SSB) antibodies was
negative. The level of C3 was 162 mg per deciliter (normal
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FIG. Contrast-Enhanced Magnetic Resonance Imaging (MRI) of the Brain
Axial fluid-attenuated inversion recovery (FLAIR) T2-weighted images on MRI obtained on presentation to the emergency department show periventricular (Panel A)
and subcortical (Panel B) white matter lesions.

range 81-157) and C4 38 (normal range 13-39). T-spot testing
for latent tuberculosis was negative.

There is no serological evidence of active systemic lupus ery-
thematosus or Sjogren’s syndrome. The pretest probability of
CNS tuberculosis was low in light of her presenting complaints,
relatively protracted course, and overall clinical stability with-
out antituberculous therapy. Tests for latent tuberculosis infec-
tion have significant limitations of both sensitivity and specific-
ity for the diagnosis of active disease.

Optical coherence tomography showed optic disc ede-

ma in the left eye only. MRI of the head with contrast
revealed abnormal signal intensity involving the posterior as-
pect of the pons, right middle cerebellar peduncle, anterior
left temporal lobe, bilateral periventricular white matter, sub-
cortical white matter of the frontal lobes bilaterally, and me-
dulla with abnormal signal and enhancement of the left optic
nerve (Figure, Panel A). MRI of the cervical and thoracic spine
demonstrated multifocal demyelinating lesions at C3, C4, C7,
T4, T5, T7, and T8 (Figure, Panel B). The lesions were not
longitudinally extensive. There was no significant postcon-
trast enhancement to suggest active demyelination.

The cerebrospinal fluid analysis revealed glucose of 105
mg per deciliter and a total protein of 26.1 mg per deciliter.
In the fourth tube, there were 20 red cells per cubic and four
white cells with a differential of 62% neutrophils, 35% lym-
phocytes, and 3% monocytes. Epstein-Barr and herpes sim-
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plex virus DNA were negative. A Venereal Disease Research
Laboratory test was negative. Multiple oligoclonal IgG bands
were identified only in the cerebrospinal fluid. Aquaporin-4
IgG and MOG antibodies were negative.

In addition to the expected finding of enhancement of the op-
tic nerve, MRl demonstrated numerous multifocal white matter
lesions throughout the cerebrum, brainstem, and spinal cord.
Many of the lesions were in “silent” areas, which is not direct-
ly attributable to specific symptoms, but several did correlate
with the subtler deficits of weakness and dysmetria that were
noted on examination. Although such lesions may be seen
with a diverse group of systemic diseases including adrenal
leukodystrophy, sarcoidosis, Behcet's, cerebral lupus, and
vasculitis, primary CNS inflammatory demyelinating diseases
are much more likely. The extensive distribution of demyelin-
ation argues against NMOSD. The negative aquaporin-4 and
MOG assays support this conclusion. Not all multifocal CNS
demyelination is caused by MS and can be seen in posteri-
or reversible encephalopathy syndrome, cerebral autosomal
dominant arteriopathy with subcortical infarcts and leukoen-
cephalopathy, and adult polyglucosan body disease. Osmotic
demyelination is increasingly being recognized as a process
that can be more widespread rather than just being limited to
the pons. Viral infections of the CNS such as the JC virus (PML)
may also provoke multifocal demyelination. Acute disseminat-
ed encephalomyelitis is most often seen during childhood,
usually after vaccination or after an infectious prodrome. The
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tempo of the progression of these other diseases tends to be
much more rapid than this woman's course, and often, the neu-
rological deficits are more profound and debilitating. The clini-
cal presentation of sensory-predominant myelopathy, followed
by optic neuritis, absence of systemic inflammatory signs or
laboratory markers, exclusion of other relevant diseases, mul-
tifocal white matter lesions on imaging, minimal pleocytosis,
and presence of oligoclonal bands in cerebrospinal fluid, all
point to a diagnosis of relapsing-remitting MS.

The patient was diagnosed with MS. She was admitted

to the neurology service and treated with 1,000 mg IV
methylprednisolone for 3 days with a prompt improvement in
her vision. She was started on natalizumab without a relapse
of symptoms over the past year.

COMMENTARY
Multiple sclerosis is a chronic demyelinating disease of the
CNS." The diagnosis of MS has classically been based upon
compatible clinical and radiographic evidence of patholo-
gy that is disseminated in space and time. Patients typically
present with an initial clinically isolated syndrome—involving
changes in vision, sensation, strength, mobility, or cognition—
for which there is radiographic evidence of demyelination.? A
diagnosis of clinically definite MS is then often made based on
a subsequent relapse of symptoms.®

An interval from initial symptoms has been central to the
diagnosis of MS (“lesions disseminated in time”). However,
recent evidence questions this diagnostic paradigm, and a
more rapid diagnosis of MS has been recommended. This rec-
ommendation is reflected in the updated McDonald criteria,
according to which, if a clinical presentation is supported by
the presence of oligoclonal bands in the cerebrospinal fluid, a
diagnosis can be made on the basis of radiographic evidence
of dissemination of disease in space, without evidence of dis-
semination in time.* The importance of such early diagnosis
has been supported by numerous studies that have demon-
strated improved clinical outcomes with early therapy.>”

Despite the McDonald criteria, delays in definitive diagnosis
are common in MS. Patients with MS in Spain were found to
experience a 2-year delay from the first onset of symptoms to
diagnosis.® In this cohort, patients exhibited delays in presenting
to a healthcare provider, as well as delays in diagnosis with an
average time from seeing an initial provider to diagnosis of 6
months. When patients who were referred for a demyelinating
episode were surveyed, over a third reported a prior sugges-
tive event.” The time from the first suggestive episode to referral
to a neurologist for a recognized demyelinating event was 46
months. Other studies have shown that delays in diagnosis are
especially common in younger patients, those with primary pro-
gressive MS, and those with comorbid disease.’®"

Misapplication of an MS diagnosis also occurs frequently. In
one case series, such misapplication was found most often in
cases involving migraine, fibromyalgia, psychogenic disorders,
and NMOSD."? NMOSD is distinguished from MS by the pres-
ence of typical brain and spine findings on MRL."® Antibodies
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to aquaporin-4 are highly specific and moderately sensitive for
the disease.™ It is important to distinguish NMOSD from MS as
certain disease-modifying drugs used for MS might actually ex-
acerbate NMOSD." A lesion that traverses over three or more
contiguous vertebral segments with predominant involvement
of central gray matter (ie, longitudinally extensive transverse
myelitis) on MRl is the most distinct finding of NMOSD. In con-
trast, similar to our patient, short and often multiple lesions
are demonstrated on spinal cord MRl in patients with MS. Sen-
sitive and specific findings of brain MRI in patients with MS
include the presence of lateral ventricle and inferior temporal
lobe lesion, Dawson’s fingers, central vein sign, or an S-shaped
U-fiber lesion. In NMOSD, brain MRI might reveal periependy-
mal lesions surrounding the ventricular system.

This case highlights the diagnostic challenges related to
presentations of a waxing and waning neurological process. At
the time of the second evaluation, the presentation was inter-
preted as a length-dependent polyneuropathy due to glucose
intolerance. Our patient’s relatively normal HbA1c, subacute
onset of neuropathic symptoms (ie, <4 weeks), sensory and
motor complaints, and onset in the upper extremities suggest-
ed an alternative diagnosis to prediabetes. Once the patient
presented with optic neuritis, the cause of the initial symptoms
was obvious, but then, hindsight is 20/20.

TEACHING POINTS

e Early treatment of MS results in improved clinical outcomes.

e Delays in the definitive diagnosis of MS are common, es-
pecially in younger patients, those with primary progressive
MS, and those with comorbid disease.

e If a clinical presentation is supported by the presence of
oligoclonal bands in the cerebrospinal fluid, a diagnosis of
MS can be made on the basis of radiographic evidence of
dissemination of disease in space, without evidence of dis-
semination in time.
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