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5.1 Introduction

This chapter reviews the current knowledge on epidemiology, etiopathogenesis,
clinical features, diagnostic procedures, and treatment approaches of acute dis-
seminated encephalomyelitis (ADEM). ADEM is considered a rare autoimmune
demyelinating disorder of the central nervous system (CNS), traditionally char-
acterized by a monophasic course. The term ADEM encompasses postinfectious,
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postvaccination, and idiopathic encephalomyelitis [1]. The majority of subjects
report recent infections (generally nonspecific upper respiratory tract and flu-like
syndromes) or active immunization several weeks before disease onset. Typically,
ADEM manifests an acute onset, with nonspecific symptoms, such as headache,
fever, nausea, and vomiting with or without altered mental status. In some cases, the
presentation may be severe and dramatic, requiring intensive care and mechanical
ventilation. Despite the clinical severity, the long-term prognosis is generally favor-
able and with complete recovery in the majority of patients.

5.2 Epidemiology

The average annual incidence of ADEM, depending on population-based studies, is
included between 0.07 and 0.6 per 100,000 individuals per year [2—4].

5.2.1 Geographic Distribution

Population-based studies of pediatric patients with ADEM performed in the United
States and in the United Kingdom revealed a slightly lower incidence compared to
Asian Countries, in particular: the incidence of pediatric ADEM was estimated
between 0.47/100,000 and 0.64/100,000 children in Asian countries [2, 4], whereas
in Europe and San Diego the annual incidence ranged between 0.07/100,000 and
0.30/100,000 [3, 5, 6]. In addition, similarly to multiple sclerosis (MS), ADEM
incidence seems to be influenced by latitude, as in the United States, where it is
higher in the North than in the South, increasing with the distance from the equator
[7]. Epidemiological data of adult ADEM have been reported only in a few studies,
due to the variability of age at presentation.

5.2.2 Demographic Features

Although ADEM may occur at any age, it is more frequent during childhood. In
child population the median age of onset ranges between 5 and 8 years, with a slight
male predominance (male to female ratio 1.8:1) [8]. In adult cases, the age of pre-
sentation is between 33 and 41 years, without gender predominance. Despite the
difference of incidence among various populations, no specific ethnic distribution
has been described.

5.2.3 Risk Factors

In 50-85% of ADEM cases, disease onset is preceded by a viral/bacterial infection
or a vaccination [5, 8, 9]. The pathogens causing the infection associated with
ADEM are mostly unknown [10]. Prodromal manifestations include a flu-like
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Table 5.1 Causes of postinfectious
and postvaccinal acute disseminated
encephalomyelitis

Causes of ADEM
Viral infections
Measles

Varicella zoster

Rubella

Mumps

Influenza A and B

Hepatitis A

Hepatitis C

Epstein-Barr virus

HIV

Nonspecific upper respiratory tract infections

Human herpesvirus 6

Herpes simplex virus®

Dengue virus®

Coxsackie B?

Coronavirus®
Nonviral infections
Group A b-hemolytic streptococci

Legionella pneumophila

Salmonella typhi

Leptospirosis

Plasmodium falciparum

Mycoplasma pneumoniae

Rickettsia rickettsii

Borrelia burgdorferi

Postvaccinal ADEM

Rabies vaccine made in brain or spinal cord
preparations

Measles

Japanese encephalitis virus

Oral poliovirus

Tetanus toxoid

Influenza
Hepatitis B recombinant vaccine
Tick-borne encephalitis®

HIV human immunodeficiency virus
From [14] with permission
“Denotes single case reports

syndrome (56—61%) and nonspecific upper respiratory or gastrointestinal manifes-
tations (7-17%). In pediatric ADEM, the onset is frequently preceded by exan-
thematous diseases [11]. Common viruses (Epstein-Barr, measles, mumps, rubella,
and coxsackie B) are the most common pathogens associated with postinfectious
ADEM [11]. Bacterial infections, such as Borrelia burgdorferi, Mycoplasma pneu-
moniae, and Legionella pneumophila, are rarely reported [12, 13]. The list of patho-
gens involved in ADEM is reported in Table 5.1 [14]. The time interval between
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prodromal manifestations and ADEM onset varies from 4 to 42 days [11]. The dis-
ease has a seasonal peak in winter and spring, according to its relative infectious
etiologies.

The risk of developing post-immunization ADEM is significantly lower than the
risk of the postinfectious one, as less than 5% of ADEM cases follow immunization
[13]. Currently, vaccinations most often associated with postvaccination ADEM are
measles, mumps, and rubella. The mean latency between immunization and the
ADEM onset ranges from 2 to 30 days [15].

In the literature, only a few studies on genetic susceptibility in ADEM patients
are reported. One study has recently demonstrated an association between ADEM
and HLA-DR genes, suggesting that ADEM patients may have a genetic predisposi-
tion [15]. Association with other systemic diseases is still unknown. However, a
tendency to develop encephalopathy with white matter (WM) lesions has been
reported in patients with congenital adrenal hyperplasia or acquired adrenal insuf-
ficiency [15].

5.3  Etiopathogenesis

The etiopathogenesis of ADEM is not fully understood. However, the prevail-
ing theory suggests that it is an autoimmune disorder of the CNS, triggered by
an environmental stimulus in genetically susceptible individuals. Molecular
sequencing has revealed that viral or bacterial microorganisms may share anti-
genic determinants with myelin autoantigens such as myelin basic protein (MBP),
myelin-associated oligodendrocyte basic protein (MOBP), oligodendrocyte-spe-
cific protein (OSP), myelin oligodendrocyte glycoprotein (MOG), and proteo-
lipid protein (PLP). The hypothesis of molecular mimicry is supported by studies
showing the presence of anti-MOG antibodies in the serum and CSF during the
acute phase of the disease and their progressive decline with disease resolution.
However, the pathogenetic role of these antibodies is still debated. Moreover, also
IgG autoantibodies targeting epitopes derived from MBP, PLP, and MOBP, have
been described.

These short stretches of homologies have the capacity to activate T-cell clones
via T-cell molecular mimicry, provoking a CNS autoimmune T-cell-mediated
response and inflammation with subsequent demyelination [16, 17]. In addition to
this mechanism, the infection may lead to a nonspecific self-sensitization of T cells
against myelin autoantigens, by activation of costimulatory pathways and cytokine
release [18]. This phenomenon, called “bystander activation,” may provoke the
breakdown of T-cell tolerance. Hence, both cell-mediated and humoral effector
mechanisms may play a role in the immune-mediated damage to the CNS in ADEM.

Pathologically, the hallmarks of ADEM include perivenular sleeves of demyelin-
ation, edema and perivenous inflammation with foamy macrophages containing
myelin products, but also T and B lymphocytes, neutrophils, plasma cells, microg-
lial cells, and eosinophilic granulocytes may be present [13, 19]. Sometimes these
perivenous lesions may coalesce, forming confluent areas. Typically, axons in the
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demyelinating lesions are relatively spared, but, in fatal cases of ADEM, extensive
axonal damage has been observed. Axonal damage is demonstrated by an increased
level of phosphorylated microtubule-associated protein (TAU), which is primarily
located in neuronal axons, in the cerebrospinal fluid (CSF). Atypical findings
include glial nodules in the gray matter (GM), perivascular necrosis, infiltration of
the meninges and vasculitic-like lesions [20].

5.4 Clinical Manifestations

Classic ADEM is a monophasic disease following a preceding illness, or, less often,
a vaccination. Latency period ranges from several days to few months and typical
presentation includes the acute onset of multifocal neurologic symptoms, often with
rapid deterioration of the state of consciousness.

5.4.1 Typical Features

Prodromal symptoms: are similar in adults and children and include headache, mal-
aise, irritability, fever, nausea, and vomiting. Generally, neurological symptoms
occur within 2-5 days from these manifestations [19].

Altered mental status: encephalopathy comprises changes in behavior and/or
consciousness, ranging in severity from lethargy to coma. Impairment of conscious-
ness is present in 46—73% of pediatric patients and in 20-56% of adult cases [21]
and may require hospitalization in intensive care (43%) or use of mechanical venti-
lation (16%) [8]. In children, the presence of encephalopathy is included as a diag-
nostic criterion of ADEM, and helps to distinguish ADEM from MS [22]. Patients
with GM involvement may experience more profound states of encephalopathy, as
the cerebral cortex is responsible for higher levels of sensory processing. Some
patients may also show irritability, confusion, and psychosis.

Focal neurological symptoms: patients may present different symptoms, depend-
ing on the area of the brain involved. A damage in the contest of occipital lobes may
result in homonymous visual field defects and, if severe and bilateral, also cortical
blindness. Patients may also show higher cortical function deficits, such as agraphia,
alexia, aphasia, and acalculia. In the case of involvement of the motor cortex, patients
may have pyramidal signs (i.e., Babinski sign, spastic hypertonus, and hyperreflexia).
Sensory symptoms include astereognosis and agraphesthesia, or loss of propriocep-
tion, as well as reduction of pain and temperature perception. Patients with brainstem
involvement may present palsy of the cranial nerves. The most common symptoms
are: diplopia (both cranial nerve palsies and/or inflammation of the gaze-control cen-
ters), dysphagia, dysarthria, vertigo, nystagmus, hearing loss, reduced taste and smell
sensitivity, and respiratory failure [19]. Brainstem involvement is usually associated
with poorer prognosis and with a higher risk of fulminant disease course [23].

Meningism: is present in 26-31% of cases and is caused by the infiltration of the
meninges by lymphocytes.
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5.4.2 Atypical Symptoms

Persistent headache, stroke-like events, recurrent seizures (predominant in pediatric
cases), dystonia or parkinsonism, neuropsychiatric symptoms and progressive onset
are atypical findings in ADEM and, when present, other conditions should be care-
fully excluded [19].

5.4.3 Natural History of ADEM

The classic form of ADEM, which accounts for the 70-90% of all cases, is char-
acterized by a monophasic disease course with an excellent functional prognosis
(90% of cases) and low mortality risk (<5%) [5, 8]. However, variable propor-
tions of patients (10-30% of all cases) with a multiphasic course (M-ADEM)
have been described in the literature [11]. The time interval from onset to first
relapse is quite variable, usually ranging from 2 months to 8§ years [8]. Recurrence
after three decades has been described in a single case [24]. Prognostic risk fac-
tors for a relapse include the coexistence of an optic neuritis, the presence of cri-
teria for MS at magnetic resonance imaging (MRI) and a family history of CNS
disorders [25]. In most of M-ADEM patients, long-term clinical and imaging
follow-up has shown the resolution of lesions with no long-lasting neurologic
impairments [22]. Patients with the coexistence of M-ADEM and anti-MOG anti-
bodies typically do not develop new lesions on MRI during the asymptomatic
period [26].

5.4.4 Variants

Acute hemorrhagic leukoencephalitis (AHLE): AHLE is considered an extremely
severe, hyperacute, variant of ADEM and has been reported in 2% of pediatric cases
[8]. Typically, it presents with meningism, headache, seizures, multifocal neuro-
logic signs, asymmetrical neurologic deficits, and rapid progression to coma [27].
Prodromal symptoms, including fever, malaise, and myalgia, are more common
than in classic ADEM and are followed by rapidly progressive hemorrhagic demy-
elination of the WM.

Histopathologically, the hallmarks of AHLE include edema, vessel fibrinoid
necrosis, hemorrhages, perivascular exudation, and granulocyte infiltration, with
perivascular demyelination and reactive astrocytosis. Perivascular astrocytes dem-
onstrate dystrophic and swollen processes, suggesting astrocytic damage, which
may appear at early stages of the disease [19]. On MRI, AHLE lesions tend to be
larger than classic ADEM, are surrounded by conspicuous edema and are frequently
associated with hemorrhagic foci (Fig. 5.1). Although cases of recovery after high-
dose steroid therapy or neurosurgical decompression have been reported, most
patients die due to massive brain edema and intracranial hypertension within the
first weeks after the onset of neurologic symptoms [28].

Recurrent optic neuritis (ADEM-ON): unilateral or bilateral optic neuritis (ON),
with retro-orbital pain exacerbated with eye movement, dyschromatopsia, and
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Fig. 5.1 MRI acquired from a 10-year-old boy affected by acute hemorrhagic leukoencephalitis
(AHLE) with major expression at spinal cord level. At the level of the brain (green arrow), a
T2-hyperintense, T1-hypointense and gadolinium-enhancing lesion is shown. At the level of the
spinal cord, a cervical (red arrow) T2-hyperintense, T'1-hypointense and gadolinuim not-enhancing
lesion and a thoracic (yellow arrow), T2-hyperitense, T1-hyperintense and gadolinium-enhancing
lesion are visible. The spontaneous T1-hyperintensity suggests the presence of deposits of hemo-
siderin, typical of the hemorrhagic phenotypes of ADEM. On the axial plane (blue boxes), lesions
are centrally located and involve more than half of the cross-sectional area of the spinal cord
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subacute visual loss can occur. When recurrent ON is present in the contest of
ADEM, the disease is called ADEM-ON [29]. ADEM-ON is rare, the incidence is
unknown, and the data about this entity are insufficient. Further studies are needed
to allow recommendations on treatment or prognosis.

Acute transverse myelitis (ATM): ATM is a common manifestation of postin-
fectious or postvaccinal ADEM (indeed in 30-60% of idiopathic cases there is a
history of preceding respiratory, gastrointestinal, or systemic illness). Like cere-
bral ADEM, ATM has also been reported following measles, rubella, influenza,
and hepatitis-B vaccination. However, the trigger event leading to such an auto-
immune response against the spinal cord is still unclear [30]. In one-third of
patients the onset of myelitis is preceded by pain located in the distribution area
of the involved segments of the spinal cord. During the acute phase, about half
patients with ATM are paraplegic. Other common symptoms are paresthesia,
dysesthesia, numbness, impaired breathing, bowel and bladder dysfunction,
paralysis, muscle weakness, or nerve pain. Initial severity of weakness and evi-
dence of denervation on electromyography have been considered poor prognos-
tic indicators for subsequent recovery [31]. Disability in these patients is mainly
related to motor impairment and to a lesser extent to sensory symptoms.
Approximately one-third of patients with ATM recover completely, one-third
show partial recovery with moderate disabilities, and the rest experience perma-
nent severe disabilities.

Combined central and peripheral involvement of the nervous system: patients
with postinfectious neurologic syndromes, like ADEM, may have clinical and/or
electrodiagnostic evidence of peripheral nervous system involvement [32].
Clinical symptoms of peripheral nerve injury include distal limb paresthesia, peri-
neal anesthesia, and muscle atrophy. Patients with peripheral nerve involvement
are generally significantly older, have a worse prognosis, and a higher risk of
relapses [33, 34].

5.5 Diagnostic Criteria

In 2007, the International Pediatric Multiple Sclerosis Study Group (IPMSSG) pro-
posed diagnostic criteria for pediatric acquired demyelinating disorders of the CNS,
including ADEM. In 2013, the original definitions were updated, but ADEM
remains a diagnosis of exclusion.

All the following criteria are required for a diagnosis of ADEM [22], once other
possible neurological conditions have been reasonably excluded:

1. a first multifocal clinical CNS event of presumed inflammatory demyelinating
cause;

2. encephalopathy: defined as stupor and/or lethargy or behavioral changes unex-

plained by fever, systemic illness, or postictal symptoms;

brain MRI is abnormal during the acute (3 months) phase; and

4. no new clinical or MRI findings 3 months or more after the clinical onset.

(O8]
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Typical brain MRI findings include the presence of diffuse, poorly demarcated,
and large (>1-2 cm) T2-hyperintense lesions involving predominantly the brain
WM. Deep GM lesions (e.g., thalamus or basal ganglia) can be present.
T1-hypointense lesions in the WM are rare.

In addition to these criteria, the IPMSSG also specified that clinical symptoms
and radiologic findings of ADEM can fluctuate in severity and evolve in the first
3 months after the clinical onset. A second event is defined as the development of
new symptoms at least 3 months after the start of incident illness. However, data sup-
porting the biological rationale for the 3-month requirement are still needed [22].

5.6 Diagnostic Procedures

ADEM diagnosis is challenging, as no specific biomarkers are available and clinical
manifestations are heterogeneous. No definitive laboratory biomarkers or tests other
than postmortem investigation allow a definitive diagnosis of ADEM to be formu-
lated, but various tests may offer supportive evidence.

Detailed clinical history and neurologic examination, which often reveals multi-
focal symptoms, are the first step of evaluation. The presence of encephalopathy is
supportive of the diagnosis. In patients with clinical manifestations highly suspi-
cious of ADEM, physicians should request: complete blood count, c-reactive pro-
tein, erythrocyte sedimentation rate, anti-nuclear antibodies, serology for herpes
simplex virus (HSV), enterovirus, Epstein-Barr virus (EBV), mycoplasma, anti-
Acquaporind (AQP4), and anti- MOG antibodies [19].

5.6.1 MRI

MRI is the best method to evaluate a patient with a suspicion of ADEM. MRI of the
brain with gadolinium administration is indicated when the patient is stabilized.
MRI of the cervical and dorsal spinal cord may also be performed to confirm the
extent of inflammation and when there are symptoms or signs suggestive of myelop-
athy [35].

In patients with ADEM at presentation, MRI findings may be similar to MS, but
several findings are helpful in their differentiation.

Lesion features: T2-weighted and fluid-attenuated inversion recovery (FLAIR)
sequences typically demonstrate multifocal hyperintense lesions in the brain, which
vary from small round/ovoid foci to flocculent “cotton ball” lesions with very hyper-
intense areas and “fuzzy”” margins [36]. WM involvement is typically bilateral and
asymmetric. ADEM lesions can involve both the WM and GM, affecting the sub-
cortical and central WM, cortical GM-WM junction and deep GM of brainstem,
cerebellum thalami, and basal ganglia (Fig. 5.2) [37].

In patients with ADEM, pre-contrast T1-weighted sequences are usually incon-
spicuous, unless lesions are large, in which case a weak hypointensity has been
reported [38].
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Baseline

1-year follow-up

Fig. 5.2 Brain axial post-contrast T1-weighted spin-echo (a) and fluid-attenuated inversion
recovery (FLAIR) magnetic resonance images (b) from an 8-year-old patient with acute dissemi-
nated encephalomyelitis (ADEM). In (b), multiple hyperintense lesions involving both the white
and gray matter are visible, whereas only one infratentorial lesion shows a mild enhancement (a,
blue arrow). The one-year follow-up of the patient (¢) shows a significant reduction of the size of
hyperintense lesions on the FLAIR scan, without the formation of any new lesions
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Post-contrast T1-weighted sequences demonstrate enhancing lesions in 30-100%
of patients [39] with a quite variable pattern of enhancement (incomplete ring or arch
enhancement along the edge of inflammation, nodular, gyral, or spotty enhancement).

Tumefactive lesions with horseshoe-shaped enhancement have also been
described. Cranial-nerve enhancement is relatively common. Of note, the absence
of enhancement does not exclude the diagnosis of ADEM [8].

Diffusion-weighted imaging (DWI) can show a restricted diffusion peripherally,
while the center of lesions does not present this abnormality.

In the spinal cord, confluent lesions or lesions extending over multiple segments,
associated with cord swelling, have been described in up to one-third of patients.

MRI patterns: four radiologic patterns have been described in ADEM: (1) ADEM
with small lesions (<5 mm), (2) ADEM with large confluent WM asymmetric
lesions, (3) ADEM with symmetric bithalamic involvement, and (4) ADEM with
acute hemorrhagic encephalomyelitis [39].

Lesion evolution: to rule out ongoing disease activity indicating a diagnosis other
than ADEM, it has been suggested to reassess patients with at least two additional
MRI scans (respectively 3 months and 9/12 months after the clinical onset), as
monophasic ADEM is not associated with development of new lesions after
3 months from disease onset. In addition, partial or rarely complete resolution of
MRI abnormalities has been described in the majority of patients. Lastly, persistent
hypointense lesions in the WM are infrequent in monophasic ADEM and may sug-
gest an alternative diagnosis, such as MS [22].

5.6.2 CSF Examination

Clinical presentation of ADEM may mimic acute encephalitis and CSF examination
should be performed to exclude alternative diagnoses. CSF examination should include:
biochemistry (in particular protein, glucose, and cell count), gram staining, cytology,
culture, and sensitivity for bacteria and virology studies. Polymerase chain reaction
(PCR) tests to rule out enteroviruses, HSV and EBV infections and electrophoresis with
detection of oligoclonal bands (OCB) and Link index should be performed.

CSF examination may show inflammatory indices, as proteins are usually increased
up to 1.1 g/L (range 15-60% of patients) and mild pleocytosis (usually with high
percentage of lymphocytes and monocytes) can be seen in 25-65% of patients [5, 40].
In 42-72% of pediatric patients with ADEM, CSF leukocyte count is normal [41].

Intrathecal OCBs are rare in ADEM patients and, when detected, they tend to
manifest as mirror pattern in both serum and CSF and would therefore not be con-
sidered as true OCBs, but they suggest that the antibody production is not intrathe-
cally restricted [42].

5.6.3 Laboratory Findings

In recent years, different antibodies have been described in patients with ADEM. In
particular, anti-MOG antibodies have been recently described, with high titer in the
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acute phase that tend to decrease and eventually disappear over time [43, 44]. However,
their clinical meaning and role in ADEM remains to be clarified. Other IgG autoanti-
bodies targeting myelin autoantigens such as MBP, alpha-B crystalline, and PLP, have
been found in several ADEM patients; these may help distinguish ADEM from MS
[45]. The presence of serum anti-AQP4-IgG antibodies rules out a diagnosis of ADEM.

5.6.4 Differential Diagnosis

The first priority is to exclude other causes of acquired CNS demyelinating syn-
dromes. The most important differential diagnosis in pediatric ADEM is pediatric MS
and this distinction has prognostic and therapeutic implications. The differential diag-
nosis between ADEM and MS is based on clinical, laboratory, and MRI features:

— Clinical manifestations: in most cases of pediatric ADEM, patients present sys-
temic symptoms such as headache, fever, nausea, vomiting, and altered mental
status, which are typically uncommon in pediatric MS;

— Laboratory findings: the presence of OCBs is a hallmark of MS, and is atypical
in ADEM. In challenging cases, anti-MOG antibodies detection may help the
differential diagnosis: these antibodies are not generally associated with MS but
suggest anti-MOG associated autoimmune demyelination. In patients with
ADEM-ON, quantification of anti-AQP4 antibodies should be performed to
make the correct diagnosis;

— MRI features may help distinguish ADEM from MS [46]. Key brain MRI fea-
tures found in ADEM and absent in MS include periventricular sparing and the
absence of periventricular ovoid lesions perpendicular to the ventricular edge
(Dawson fingers) [35, 47, 48]. The discriminatory MRI elements between ADEM
and MS are reported in Table 5.2 [19]. According to the current diagnostic crite-

Table 5.2 MRI features of ADEM and MS

MRI features ADEM: typical MS: typical
Deep gray matter/cortical involvement Yes No
Bilateral diffuse lesions Yes No
Poorly marginated lesions Yes No
Large globular lesions Yes No
Periventricular pattern of lesions No Yes
Lesions perpendicular to long axis of corpus No Yes
callosum

Ovoid lesions No Yes
Lesions confined to corpus callosum No Yes
Sole presence of well-defined lesions No Yes
Black holes (T1-weighted sequences) No Yes

MRI magnetic resonance imaging, ADEM acute disseminated encephalomyelitis, MS multiple
sclerosis
From [19] with permission
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ria, no new clinical or MRI findings must be found 3 months or more after the
clinical onset. If radiological evidence of new lesions is present, it is necessary to
consider alternative diagnoses, such as MS or neuromyelitis optica spectrum dis-
orders [22].

5.7 Treatment Approaches

ADEM is usually a self-limiting condition that improves spontaneously, making the
value of any therapeutic intervention difficult to establish. For this reason, no double-
blind placebo-controlled clinical trial on large-scale cohorts exists. As a consequence,
in clinical practice, the management of ADEM is based on observational studies.

5.7.1 General Treatment

The maintenance of airway, breathing, and cardiovascular function is essential.
Measures to prevent venous thromboembolism are also required in bed-bound patients.

5.7.2 Maedical Therapy

High-doses of intravenous (IV) corticosteroids are currently widely accepted as
first-line therapy [49]. Adrenocorticotropic hormone and prednisone have been suc-
cessfully used in the past. Nowadays, recommended treatment consists in [V meth-
ylprednisolone at the dose of 20.30 mg/kg/day (up to a maximum of 1000 mg/day)
for 5 days [19], followed by an oral tapering of prednisone over 4-6 weeks with a
starting dose of 1-2 mg/kg/day [27]. After this treatment, full recovery has been
reported in 60-85% of cases [8, 29]. Shorter tapering might increase the risk of
relapses. In the first days of disease, IV methylprednisolone might be associated
with IV acyclovir, if there is still a suspicion of acute viral encephalitis.

IV immunoglobulin (IVIG) treatment at the dosage of 2 g/kg administered over
2-5 days is considered as a second-line treatment and may be helpful in steroid-
unresponsive ADEM and in patients who have contraindications to corticosteroids
[49]. The treatment with IVIG resulted successful in 40-50% of steroid-resistant
patients [50]. The mechanism of action of IVIG is not well known, it might have
immunomodulatory effects through binding to pathogenic antibodies and inhibiting
the activation of myelin-reactive T cells.

Plasma exchange is recommended for therapy-refractory patients with fulminant
disease and should be performed immediately after first-line treatment failure, with
an estimated efficacy in 40% of cases [51].

Several case reports showing the use of hypothermia or decompressive craniot-
omy for treatment of fulminant ADEM have been described [52]. In AHLE, in addi-
tion to the treatments already described, cyclophosphamide has been used in
unresponsive patients [53].
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5.7.3 Outcomes

About 65-85% of pediatric ADEM patients typically have a favorable prognosis
with a good functional recovery. The improvement of clinical conditions is usu-
ally seen within days after treatment start, with a complete recovery in most of
cases within few weeks [19]. Residual severe disability is quite rare (7% of pedi-
atric ADEM) [54]. In pediatric series, some patients (20-30% of cases) show
residual neurologic deficits, in particular cognitive impairment (especially in the
attentive and executive domains) [11] or changes in behavior and personality.
These findings are more common in children with diagnosis of ADEM before
5 years of age.

Adult ADEM patients frequently suffer residual focal motor deficits (such as
clumsiness, ataxia, and hemiparesis) or epilepsy [8]. In addition, compared to pedi-
atric patients, adults with ADEM have an increased rate of hospitalization, intensive
care unit admission, and mortality.
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