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CLINICAL PRACTICE

Transverse Myelitis

Elliot M. Frohman, M.D., Ph.D., and Dean M. Wingerchuk, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author's clinical reccommendations.

An otherwise healthy 28-year-old woman presents to the emergency department
with progressive weakness that began 3 days earlier. She reports difficulty walking,
numbness in the body below her breasts, and urinary urgency, and she notes that
neck flexion triggers an electrical sensation that radiates to the coccyx. Physical ex-
amination reveals moderate paraparesis with hyperreflexia, a left extensor plantar
response, impairment of vibratory and proprioceptive sensation, and a sensory level
at T6. Magnetic resonance imaging (MRI) reveals a lower cervical cord lesion that
enhances after gadolinium administration, a finding that is consistent with trans-
verse myelitis. How should she be further evaluated and treated?

THE CLINICAL PROBLEM

The term “transverse myelitis” describes a heterogeneous group of inflammatory
disorders that are characterized by acute or subacute motor, sensory, and auto-
nomic (bladder, bowel, and sexual) spinal cord dysfunction (Table 1).* The clinical
signs are caused by an interruption in ascending and descending neuroanatomical
pathways in the transverse plane of the spinal cord, and a resulting sensory level is
characteristic of the syndrome. The transverse myelitis syndrome may arise from
various causes, but it most often occurs as an autoimmune phenomenon after an
infection or vaccination (accounting for 60% of the cases in children) or as a result
of a direct infection, an underlying systemic autoimmune disease, or an acquired
demyelinating disease such as multiple sclerosis or the spectrum of disorders re-
lated to neuromyelitis optica (Devic’s disease, a demyelinating disease that is de-
fined by transverse myelitis and optic neuritis).>” However, after detailed evalua-
tion, 15 to 30% of the cases of transverse myelitis are ultimately categorized as
idiopathic.>#®

Estimates of the annual incidence of idiopathic or postinfectious transverse
myelitis range from 1.3 to 8 cases per million. Although the disorder can develop
at any age, there is a bimodal peak in the incidence at 10 to 19 years of age and
at 30 to 39 years.>° The incidence increases to 24.6 cases per million annually if
acquired demyelinating causes, especially multiple sclerosis, are included.'* There
is no clear pattern among cases of idiopathic transverse myelitis with respect to
sex, geographic distribution, or familial susceptibility.

The pathological hallmark of transverse myelitis is the presence of focal collec-
tions of lymphocytes and monocytes, with varying degrees of demyelination, axonal
injury, and astroglial and microglial activation, within the spinal cord.? Neuro-
myelitis optica lesions contain deposits of immunoglobulin and complement
around small blood vessels, and necrosis can be observed in severe cases.” The
observation that systemic infection or immunization precedes many cases of trans-
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verse myelitis suggests that mechanisms such
as molecular mimicry and the development of
autoantibodies may play roles in the pathogen-
esis of the syndrome.?#

The prognosis after an attack of transverse
myelitis is highly variable among both adults and
children.®1*12 patients who have an attack of
transverse myelitis associated with multiple scle-
rosis may have a substantial or even complete
recovery, but patients with transverse myelitis or
neuromyelitis optica associated with other dis-
eases usually have clinically significant residual
neurologic deficits. Most of the recovery occurs
over the course of the first 3 months after the
event, although improvement may continue for a
year or longer. In one study of idiopathic myelitis,
more than one third of the patients had a rapidly
progressive course with a poor outcome (death
or inability to ambulate). The combination of
severe weakness, hypotonia, and areflexia —
“spinal shock” — was the only recognized pre-
dictor of a poor outcome.®

STRATEGIES AND EVIDENCE

DIAGNOSIS

A history of motor weakness, sensory abnormal-
ities referable to the spinal cord, and bladder or
bowel dysfunction point to the diagnosis of my-
elopathy. Symptoms and signs of transverse my-
elitis typically evolve over the course of hours to
days and are usually bilateral; however, unilateral
or markedly asymmetric presentations can occur.
Transverse myelitis is sometimes manifested as
rapid-onset, severe paraparesis or quadriparesis
with areflexia, which may lead to diagnostic con-
fusion with other causes of ascending weakness,
such as the Guillain—Barré syndrome; otherwise,
hyperreflexia and Babinski signs are present, con-
firming a central rather than a peripheral cause
of the muscle weakness. A well-defined truncal
sensory level, below which the sensation of pain
and temperature is altered or lost, distinguishes
myelopathy from cerebral lesions and peripheral
neuropathies. Neuropathic pain may occur in the
midline (an aching, deep pain) or in a dermato-
mal distribution (radicular or lancinating pain or
a sensation of burning or itching), with the latter
pattern providing a clue to the anatomical level
of the lesion. Demyelination is responsible for the
presence of Lhermitte’s sign (paresthesias that

Table 1. Diagnostic Criteria for Transverse Myelitis.*

Bilateral (not necessarily symmetric) sensorimotor and autonomic spinal
cord dysfunction

Clearly defined sensory level

Progression to nadir of clinical deficits between 4 hours and 21 days after
symptom onset

Demonstration of spinal cord inflammation: cerebrospinal fluid pleocytosis or
elevated 1gG index,{ or MRI revealing a gadolinium-enhancing cord lesion

Exclusion of compressive, postradiation, neoplastic, and vascular causes

* Clinical events that are consistent with transverse myelitis but that are not as-
sociated with cerebrospinal fluid abnormalities or abnormalities detected on
MRI and that have no identifiable underlying cause are categorized as possi-
ble idiopathic transverse myelitis.

T The IgG index is a measure of intrathecal synthesis of immunoglobulin and is
calculated with the use of the following formula: (CSF IgG +serum 1gG) + (CSF
albumin+serum albumin), where CSF denotes cerebrospinal fluid.

radiate down the spine or limbs with neck flex-
ion) and paroxysmal tonic spasms (involuntary
dystonic contractions of limb or trunk muscles).
Urinary incontinence or retention, bowel inconti-
nence or constipation, and sexual dysfunction are
common but vary in severity among patients.
Once the clinical syndrome of myelopathy is
recognized, a knowledge of basic spinal cord
anatomy and vascular supply helps to guide the
differential diagnosis, which includes compres-
sive, vascular, metabolic, neoplastic, and other
causes (see Fig. 1 in the Supplementary Appen-
dix, available with the full text of this article at
NEJM.org). Figure 1 provides a systematic ap-
proach to the evaluation of myelopathy.’® As a
first step, MRI is warranted to rule out the pres-
ence of structural lesions, especially those ame-
nable to urgent neurosurgical intervention. The
entire spinal cord should be imaged so that false
negative results that may be caused by mislead-
ing localizing signs, such as a thoracic sensory
level caused by a cervical lesion, can be avoided.
The finding of an intrinsic cord lesion (some-
times more than one) is characteristic of myelitis;
in the acute phase, such lesions usually enhance
with intravenous gadolinium administration. An
assessment of the spinal cord syndrome at pre-
sentation, together with an evaluation of the
number, size, and shape of lesions detected on
MR, provides the basis for determining whether
the lesion is consistent with myelitis. Lesions as-
sociated with idiopathic transverse myelitis usu-
ally span at least two vertebral segments, as vi-
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Clinical presentation: Acute myelopathy
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Figure 1 (facing page). Diagnostic Algorithm for the
Evaluation of Acute Myelopathies and Myelitis.

A systematic approach to the evaluation of acute mye-
lopathy syndromes allows for early identification of cases
requiring emergency neurosurgical treatment and pro-
vides the highest probability of establishing the specific
diagnosis of transverse myelitis, as well as determining
the cause of the syndrome. CSF denotes cerebrospinal
fluid, MRl magnetic resonance imaging, MS multiple
sclerosis, NMO neuromyelitis optica, and TM trans-
verse myelitis.

sualized on MRI of the spinal cord (Fig. 2).
Normal MRI results should prompt a reconsid-
eration of the diagnosis of myelopathy in favor
of other disorders of the central or peripheral
nervous system.?3

The transverse myelitis syndrome has an ex-
tensive differential diagnosis. The medical his-
tory, medical review of systems, social and travel
history, and general physical examination can
provide clues that point toward possible infec-
tious or paraneoplastic causes, as well as causes
associated with systemic inflammatory or auto-
immune diseases such as systemic lupus ery-
thematosus, Sjogren’s syndrome, and sarcoido-
sis.1»13.14 Implication of a connective-tissue
disease (e.g., systemic lupus erythematosus) as
the cause of transverse myelitis requires evidence
of systemic disease, and the diagnosis should
not be based solely on the presence of serum
autoantibodies (e.g., antinuclear antibody or ex-
tractable nuclear antigen), because such antibod-
ies may be present in patients with underlying
multiple sclerosis or neuromyelitis optica.*> Clini-
cal features, laboratory tests, and diagnostic im-
aging options that are helpful in making the
diagnosis are summarized in Table 2, as well as
in Table 1 in the Supplementary Appendix. The
occurrence of transverse myelitis after infection
or vaccination does not preclude the need for
further evaluation, since infection or immuniza-
tions may also trigger attacks of myelitis in the
context of an underlying disease (especially mul-
tiple sclerosis or neuromyelitis optica).

Transverse myelitis is a common manifesta-
tion or presenting feature of acquired demyeli-
nating diseases of the central nervous system.®
Among children, it is a frequent characteristic of
acute disseminated encephalomyelitis, which typ-
ically occurs after an infection or immunization
and is associated with clinical and MRI evidence

of multifocal cerebral involvement.* Multiple scle-
rosis is associated with short lesions (spanning
fewer than two vertebral segments) that are lo-
cated in the periphery of the cord, affecting
mainly white matter (“partial” transverse myeli-
tis) (Fig. 2), and there is usually concomitant
MRI evidence of demyelinating brain lesions.'”
Neuromyelitis optica is strongly associated with
longitudinally extensive transverse myelitis, de-
fined by a lesion that spans three or more verte-
bral segments on MRI.®7 Such lesions tend to be
symmetric and situated centrally within the cord
(involving both gray and white matter) and may
extend into the brain stem, causing nausea, vom-
iting, and hiccups (Fig. 2).!%1° Neuromyelitis
optica is specifically associated with the serum
autoantibody marker NMO-IgG, which targets
the astrocytic water channel, aquaporin-4.20:2

Identifying the cause of transverse myelitis
facilitates the prediction of the future clinical
course and informs the decision about whether
to provide prophylaxis against future neurologic
events. The postinfectious, postvaccination, and
idiopathic forms of transverse myelitis are usu-
ally monophasic syndromes, whereas multiple
sclerosis and neuromyelitis optica—spectrum dis-
orders are relapsing diseases that are associated
with a high risk of future attacks of transverse
myelitis and other neurologic events. The presence
on MRI of brain lesions that are characteristic of
demyelination indicates a high risk of multiple
sclerosis after a partial myelitis event (Fig. 2 in
the Supplementary Appendix). Seropositivity for
NMO-IgG (and to a lesser extent, ssA autoanti-
body) in a patient with longitudinally extensive
transverse myelitis is highly predictive of relaps-
ing disease and, in the case of NMO-IgG, con-
version to definite neuromyelitis optica, which
can also be associated with abnormalities on
MRI of the brain (Fig. 2 in the Supplementary
Appendix).?223 Factors suggesting that a person
who has had a myelitis event is at high risk for
clinically definite multiple sclerosis or neuromy-
elitis optica are summarized in Table 1 in the
Supplementary Appendix.

MANAGEMENT
Initial Immunotherapy

The goals of therapy during the acute phase of
myelitis (Table 2 in the Supplementary Appendix)
are to halt the progression and initiate the reso-
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Figure 2. Features of Common Myelitis Syndromes on Neuroimaging.

The findings on MRI are a key component of the diagnostic evaluation of transverse myelitis. Acute myelitis events
are associated with a focal lesion within the spinal cord. Panel A shows an example of a lesion associated with idio-
pathic myelitis (sagittal plane, T,-weighted sequence). Short-segment lesions, as shown in Panel B (sagittal plane,
T,-weighted sequence), and those that are asymmetric, as shown in Panel C (axial plane, T,-weighted sequence), are
characteristic of multiple sclerosis. Lesion enhancement after the administration of gadolinium, as shown in Panel D
(sagittal plane, T;-weighted sequence), suggests acute inflammation of the spinal cord. In contrast, a longitudinally
extensive lesion (i.e., one that spans several vertebral segments), as shown in Panel E (sagittal plane, T,-weighted
sequence), especially if it extends rostrally into the brain stem and is located centrally within the cord, as in Panel F
(axial plane, T,-weighted sequence), is typical of neuromyelitis optica.

lution of the inflammatory spinal cord lesion,
thereby speeding clinical recovery. Corticosteroids
are the standard first-line treatment; however,
because there have been no randomized, con-
trolled trials of corticosteroid therapy of patients
with transverse myelitis, supporting evidence for
the use of corticosteroids as first-line therapy is
derived from case studies or extrapolation from
trials involving patients with multiple sclero-
sis. 17172425 Approximately 50 to 70% of pa-
tients have partial or complete recovery and are
ambulatory with or without aid.*?* High-dose
intravenous regimens are typically used (e.g.,
1000 mg of methylprednisolone daily, generally
for 3 to 5 days),?® although evidence of the supe-
riority of a particular corticosteroid drug, dose,

or route of administration is lacking. Oral regi-
mens may be used in the case of patients with
relatively mild episodes of myelitis who do not
require hospitalization (e.g., in cases associated
with established multiple sclerosis).?%2¢ Potential
adverse effects of pulsed corticosteroid therapy
include gastrointestinal symptoms, insomnia,
headache, anxiety, mania, hypertension, hyper-
glycemia, and electrolyte disturbances.

Rescue therapy with plasma exchange may
benefit patients who do not have a response to
corticosteroids.?’2 In a randomized, crossover
trial involving 22 patients with idiopathic in-
flammatory demyelinating syndromes (7 of which
were cases of myelitis) that did not respond to
corticosteroids, 42% of the patients had moder-
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Table 2. Concise Differential Diagnosis and Diagnostic Testing for Transverse Myelitis.*




