UCSF

UC San Francisco Previously Published Works

Title
Acute flaccid myelitis: cause, diagnosis, and management

Permalink
https://escholarship.org/uc/item/5ck8z8xm

Journal
The Lancet, 397(10271)

ISSN
0140-6736

Authors

Murphy, Olwen C
Messacar, Kevin
Benson, Leslie

Publication Date
2021

DOI
10.1016/s0140-6736(20)32723-9

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5ck8z8xm
https://escholarship.org/uc/item/5ck8z8xm#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Lancet. Author manuscript; available in PMC 2021 February 26.

-, HHS Public Access
«

Published in final edited form as:
Lancet. 2021 January 23; 397(10271): 334-346. doi:10.1016/S0140-6736(20)32723-9.

Acute flaccid myelitis: cause, diagnosis, and management

Olwen C Murphy, Kevin Messacar, Leslie Benson, Riley Bove, Jessica L Carpenter,
Thomas Crawford, Janet Dean, Roberta DeBiasi, Jay Desai, Matthew J Elrick, Raquel
Farias-Moeller, Grace Y Gombolay, Benjamin Greenberg, Matthew Harmelink, Sue Hong,
Sarah E Hopkins, Joyce Oleszek, Catherine Otten, Cristina L Sadowsky, Teri L Schreiner,
Kiran T Thakur, Keith Van Haren, Carolina M Carballo, Pin Fee Chong, Amary Fall,
Vykuntaraju K Gowda, Jelte Helfferich, Ryutaro Kira, Ming Lim, Eduardo L Lopez, Elizabeth
M Wells, E Ann Yeh, Carlos A Pardo AFM working group*

Departments of Neurology (O C Murphy MBBCh, M J Elrick PhD, Prof C A Pardo MD), Pediatrics
(Prof T Crawford MD), Physical Medicine and Rehabilitation (C L Sadowsky MD), and Pathology
(Prof C A Pardo), Johns Hopkins University School of Medicine, Baltimore, MD, USA,
Departments of Pediatric Infectious Diseases (K Messacar MD), Physical Medicine and
Rehabilitation (J Oleszek MD), and Child Neurology (T L Schreiner MD), Children’s Hospital
Colorado, Aurora, CO, USA; Department of Neurology, Boston Children’s Hospital, Harvard
Medical School, Boston, MA, USA (L Benson MD); Department of Neurology, Weill Institute for
Neurosciences, University of California, San Francisco, San Francisco, CA, USA (R Bove MD);
Departments of Neurology (J L Carpenter MD, E M Wells MD) and Pediatric Infectious Diseases
(Prof R DeBiasi MD), Children’s National Health System, Washington, DC, USA,; International
Center for Spinal Cord Injury, Kennedy Krieger Institute, Baltimore, MD, USA (J Dean CRNP, C L
Sadowsky); Division of Neurology, Children’s Hospital Los Angeles, Los Angeles, CA, USA (J
Desai MD); Department of Neurology, Children’s Hospital of Wisconsin and the Medical College
of Wisconsin, Milwaukee, WI, USA (R Farias-Moeller MD, M Harmelink MD); Department of
Neurology, Children’s Healthcare of Atlanta, Emory University School of Medicine, Atlanta, GA,
USA (G Y Gombolay MD); Department of Neurology, University of Texas Southwestern Medical
Center, Dallas, TX, USA (Prof B Greenberg MD); Division of Pediatric Critical Care, Ann & Robert
H Lurie Children’s Hospital of Chicago, Northwestern University Feinberg School of Medicine,
Chicago, IL, USA (S Hong MD); Division of Neurology, Children’s Hospital of Philadelphia,
University of Pennsylvania, Philadelphia, Pennsylvania, USA (S E Hopkins MD); Department of
Pediatric Neurology, Seattle Children’s Hospital, Seattle, WA, USA (C Otten MD); Department of
Neurology, Columbia University Irving Medical Center, New York, NY, USA (K T Thakur MD);
Department of Neurology and Neurological Sciences, Stanford University, Stanford, CA, USA (K
Van Haren MD); Department of Infectious Diseases, Hospital de Nifios “Ricardo Gutiérrez”,

Correspondence to: Prof Carlos A Pardo, Division of Neuroimmunology and Neurological Infections, Department of Neurology and
Pathology, Johns Hopkins Hospital, Baltimore, MD 21287, USA cpardov1@jhmi.edu.

Members of the AFM working group are listed in the appendix
Contributors
OCM contributed to manuscript conceptualisation and planning; literature search; preparation of the figures, panels, and tables; and
writing and revising of the manuscript. LB, RB, JLC, TC, JDea, RDB, JDes, MJE, RF-M, GYG, BG, MH, SH, SEH, KM, JO, CO,
CLS, TLS, KTT, KVH, EMW, CMC, PFC, AF, VKG, JH, RK, ML, ELL, and EAY contributed to writing and revising of the
manuscript. CAP contributed to manuscript conceptualisation and planning; preparation of the figures, panels, and tables; and writing
and revising of the manuscript.

See Online for appendix



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Murphy et al. Page 2

Buenos Aires, Argentina (C M Carballo MD, E L Lopez MD); Department of Pediatric Neurology,
Fukuoka Children’s Hospital, Fukuoka, Japan (P F Chong MD, R Kira PhD); Institut Pasteur de
Dakar, Département de Virologie, Dakar, Senegal (A Fall PhD); Department of Pediatric
Neurology, Indira Gandhi Institute of Child Health, Bangalore, Karnataka, India (V K Gowda DM);
Department of Neurology, University Medical Center Groningen, University of Groningen,
Groningen, Netherlands (J Helfferich MD); Children’s Neuroscience Center, Evelina London
Children’s Hospital, Guy’s and St Thomas’ NHS Trust, and Faculty of Life Sciences, King’s
College, London, UK (M Lim PhD); Division of Neurology, Department of Pediatrics, The Hospital
for Sick Children, University of Toronto, ON, Canada (E A Yeh MD)

Abstract

Acute flaccid myelitis (AFM) is a disabling, polio-like illness mainly affecting children. Outbreaks
of AFM have occurred across multiple global regions since 2012, and the disease appears to be
caused by non-polio enterovirus infection, posing a major public health challenge. The clinical
presentation of flaccid and often profound muscle weakness (which can invoke respiratory failure
and other critical complications) can mimic several other acute neurological illnesses. There is no
single sensitive and specific test for AFM, and the diagnosis relies on identification of several
important clinical, neuroimaging, and cerebrospinal fluid characteristics. Following the acute
phase of AFM, patients typically have substantial residual disability and unique long-term
rehabilitation needs. In this Review we describe the epidemiology, clinical features, course, and
outcomes of AFM to help to guide diagnosis, management, and rehabilitation. Future research
directions include further studies evaluating host and pathogen factors, including investigations
into genetic, viral, and immunological features of affected patients, host-virus interactions, and
investigations of targeted therapeutic approaches to improve the long-term outcomes in this
population.

Introduction

Unusual clusters of a disabling, polio-like illness, now termed acute flaccid myelitis (AFM),
were recognised in California in 2012, and Colorado in 2014.1:2 AFM is now recognised as
a global disease, with hundreds of cases reported across Europe,3# Asia,>’ Australia,®
Africa,® North America, 1011 and South America.12:13 Epidemic enteroviral infection is
believed to be the main driver of AFM in recent years, particularly enterovirus D68
infection.14 Cases have usually occurred in geographical clusters, with a distinct seasonal
biennial pattern in temperate regions.1> AFM most frequently affects young children, and is
characterised by acute onset of flaccid weakness of one or more limbs, with MRI showing
abnormalities of the spinal cord grey matter.®> Trunk, neck, respiratory, bulbar, facial, and
extraocular muscles can also be affected. The clinical presentation of AFM may mimic other
causes of acute weakness such as Guillain-Barré syndrome, demyelinating myelitis, and
other infectious myelitis. The diagnosis of AFM can be informed by interpretation of the
clinical features alongside findings of laboratory, neuroimaging, and electrophysiological
tests.

Acute management of AFM is largely supportive because there is an absence of therapeutic
agents proven to alter outcomes. A substantial proportion of patients with AFM will become
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critically ill during the acute illness, requiring intubation due to respiratory failure or severe
bulbar weakness.18:17 Neurological recovery after AFM is usually incomplete, with many
patients having substantial residual weakness and muscle atrophy. Over the long term,
patients can be affected by a range of neurological, musculoskeletal, and psychological
sequelae.18-20 Appropriate rehabilitation can improve functional status and quality of life
after AFM.12 Additionally, surgical approaches including tendon or nerve transfer surgery
have been used in individual cases to manage residual impairments.21:22 In this Review we
describe the epidemiology, clinical features, course, and outcomes of AFM to help to guide
diagnosis, management, and rehabilitation.

Epidemiology and cause

Several features support a viral link to AFM cases. Most individuals affected by AFM report
a febrile prodrome accompanied by respiratory symptoms in the days before the onset of
weakness.1®23 The primary sites of neurological involvement parallel poliomyelitis, with
lesions targeting the anterior horn cells of the spinal cord and motor nuclei of the brainstem.
To date, the virus suspected to be the predominant driver of the seasonal, biennial outbreaks
of AFM observed in many global regions is enterovirus D68, although other enteroviruses
(particularly enterovirus A71) and some coxsackie virus strains have also been implicated.
Evidence specifically supporting the causal association of AFM with enterovirus D68
includes: (1) temporal and geographical correlations between AFM cases and enterovirus
D68 circulation;1:24(2) enterovirus D68 predominating amongst pathogens identified in
biological specimens (typically respiratory samples) from individuals with AFM, across
many geographical regions;3-12:23 (3) recent emergence of strains of enterovirus D68 that
could have acquired the ability to cause AFM;25-27 (4) a higher frequency of enterovirus-
specific antibodies in the cerebrospinal fluid (CSF) of patients with AFM than in controls
(albeit without definitive evidence of intrathecal synthesis);28:2° and (5) mouse models in
which recent enterovirus D68 strains cause AFM-like limb paralysis with virus isolated from
and visualised in the spinal cord.26.30:31

The specific mechanism by which infection with enterovirus D68 leads to AFM is not fully
understood and represents a key question for future research. Enterovirus D68 most
commonly causes respiratory disease,32:33 but there is ample precedent amongst other
enteroviruses (particularly poliovirus) for occasional spread to the grey matter of the spinal
cord, supported by evidence from autopsies.3*-36 The pathogen, environmental, and host
factors that can mediate progression to neurological disease are unknown. Mouse models
and neuronal cell culture models suggest that recent strains of enterovirus D68 have evolved
in terms of their capability of accessing the nervous system (neuroinvasion), their capacity to
infect neurons (neurotropism), their ability to cause nervous system disease
(neurovirulence), or any combination thereof.26:30.37.38 A Jack of spinal cord or brain tissue
specimens from affected patients has impeded direct confirmation of this possibility in
humans. Also confounding characterisation of the recent AFM outbreaks is the infrequency
of direct viral isolation or viral genome detection from the CSF at the time of clinical
presentation, even with sensitive and unbiased pathogen discovery technologies.2>39 This
difficulty nonetheless parallels similar experience with other viruses manifesting occasional
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neurotropic spread (eg, wild type poliovirus, vaccine-derived poliovirus, and West Nile
virus).

The potential of other alternative viral causes as major contributors to recent AFM outbreaks
would appear to be diminished by clinical features, reported investigations, and
epidemiological characteristics. The first of these, enterovirus A71 is generally associated
with outbreaks of hand-foot-mouth disease but also shows similar occasional tropism for the
nervous system manifesting a poliomyelitis-like paralysis, thus meeting the AFM criteria. In
regions reporting the recent increases of AFM cases, however, identified cases associated
with enterovirus A71 have been less frequent than those associated with enterovirus D68,
and could differ in clinical phenotype.3>16:40 Additionally, AFM cases associated with
enterovirus A71 have been geographically restricted, with outbreaks mainly reported in the
Asia-Pacific region (where the virus has been endemic since the 1990s),3%41 and more
recently on a smaller scale in the USA and Europe.#0:42:43 The other notable candidate
viruses include the flaviviruses, whose members include the arboviruses, West Nile virus,
and Japanese encephalitis virus, which can cause acute flaccid paralysis related to anterior
horn cell involvement. Multiple epidemiological and clinical class characteristics of
arboviral infections undermine the argument that they are a major cause of recent AFM
outbreaks, including: (1) infections are vector-borne and occur seasonally in endemic
regions, unlike the more ubiquitous recent worldwide distribution of AFM; (2) arboviral
infections typically affect adults more commonly than they do children; (3) patients typically
have characteristic systemic features such as rash or vomiting; and (4) when nervous system
involvement is present it tends to include meningoencephalitis, with motor-neuron-limited
presentations being less common.#4 Thus, diagnosis of a specific arboviral infection in a
patient manifesting a clinical syndrome of AFM will trigger diagnostic and management
protocols already in existence.*>

In reviewing the literature regarding AFM, some observational studies have been specifically
restricted to patients with AFM associated with enterovirus D68,3 whereas other studies
have not applied this criterion.23 For the purposes of clinical research, defining the disease
by the associated organism provides a study population with more uniform pathophysiology,
which is unlikely to include clinical mimics. Indeed, AFM cases occurring in years with
epidemic peaks (ie, with clear-cut outbreaks driven by a single virus) show much greater
clinical and paraclinical homogeneity than do AFM cases occurring in non-peak years.1®
However, since enterovirus D68 may only be detectable in laboratory specimens in the early
stage of the disease and other non-polio enteroviruses are likely to cause a small proportion
of the AFM burden globally, defining the disease by the associated organism is not
pragmatic for the purposes of clinical practice. Currently, the absence of sensitive
confirmatory testing for specific non-polio enteroviruses (such as serological testing)
represents a major barrier to aetiological confirmation, clinical assessment, and disease
surveillance.

Clinical presentation

AFM is predominantly a childhood disease (median age 6-3 years),16 with less than 15% of
cases occurring in adults (more commonly in the immunocompromised), although AFM in
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adults could be under-recognised or under-reported.13-512.23.46 A slight predilection for
males has been suggested.#>:15:23 Most patients with AFM have a prodromal illness
manifesting with fever and respiratory symptoms (cough, rhinorrhea, pharyngitis, or
asthmalike illness). Gastrointestinal symptoms such as vomiting or diarrhoea are less
frequent.1523 Household contacts with similar prodromal illnesses are common; however,
there have been no reported occurrences in the USA of multiple cases of AFM occurring in
one household or family. The epidemiological context can provide useful clues, because
known outbreaks of enterovirus D68 or A71 (or other confirmed AFM cases) in an area
might prompt clinicians to consider AFM in patients presenting with acute weakness. Onset
of neurological symptoms typically occurs 1-10 days after onset of the infectious prodrome,
with many patients reporting improvement in prodromal symptoms before onset of
neurological symptoms.>23

The onset of neurological symptoms can be accompanied by headache, neck stiffness, or
recurrence of fever (table 1). Meningism can be present in this early stage. In many patients,
limb weakness is heralded by pain in the affected limb(s), neck, or lower back. Flaccid
weakness is typically asymmetric and can affect one or more limbs, with predilection for the
upper limbs and proximal muscle groups.23 Unlike many other causes of acute weakness,
AFM can present with severe weakness in affected upper limb(s) and normal strength in the
lower limbs, or marked asymmetry with a difference of more than 2 points on the medical
research council (MRC) scale between right and left limbs.4” Affected limbs become
hyporeflexic or areflexic. Weakness can also affect the neck, trunk, diaphragm, or other
respiratory muscles. In addition to limb weakness, approximately 30% of patients also have
motor deficits localising to the cranial nerve motor nuclei of the brainstem, primarily
consisting of bulbar and facial weakness, and, less commonly, extraocular muscle weakness.
2 Finally, although not meeting existing epidemiological criteria for AFM, in some patients
weakness can be limited to the cranial nerve(s) or neck, in the absence of limb weakness.*8
Given that presentations limited to the cranial nerves have been excluded from most
published case series of AFM (which have required at least one weak limb for study
inclusion), the frequency of these cases is unknown. In our experience, such presentations
can occur within the syndrome of AFM, but represent a minority of cases.

The severity of weakness in an individual patient can range from mild to moderate weakness
of one limb to complete paralysis of all limbs, and axial and bulbar muscles. About a third of
patients admitted to hospital require intubation and ventilation,3° either due to respiratory
muscle weakness or bulbar muscle weakness (with inability to protect the airway).
Respiratory failure can be precipitated by procedural sedation. Dysphagia might necessitate
supplemental hydration and nutrition. Bladder and bowel dysfunction are common in the
acute phase,23 and autonomic manifestations such as labile blood pressure or irregular heart
rate and breathing patterns can occur.18 Sensory symptoms or deficits other than neuropathic
pain or paraesthesia are atypical.*? Altered mental status is not common,>2349 and the
contribution of factors such as metabolic or respiratory disturbances in cases of reported
encephalopathy is uncertain. Especially notable in cases associated with enterovirus A71
infection, AFM can occur in conjunction with frank brainstem encephalitis, and common
clinical features in this patient group are autonomic disturbance, myoclonus, ataxia,
irritability, and drowsiness.*2
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Some clinical features of AFM overlap with other causes of acute flaccid paralysis,
including Guillain-Barré syndrome, spinal cord stroke, demyelinating myelitis (eg,
aquaporin-4-1gG seropositive or seronegative neuromyelitis optica spectrum disorder,
myelin oligodendrocyte glycoprotein [MOG]-antibody associated myelitis, multiple
sclerosis, and acute disseminated encephalomyelitis), poliomyelitis (wild type poliovirus or
vaccine-derived poliovirus), other infectious myelitis (eg, Japanese encephalitis, West Nile
virus, tick-borne encephalitis virus, and varicella zoster virus myelitis), acute plexopathy,
periodic paralysis, botulism, toxic synovitis, and orthopaedic conditions including
nursemaid’s elbow. Infections capable of causing acute weakness differ according to the
endemic and epidemic organisms in each global region. Poliovirus remains an important
consideration in areas where wild-type poliovirus has not been eradicated, or in areas where
vaccine-derived poliovirus may circulate.59 Certain vector-borne infections that can affect
the anterior horn cells have clear regional distributions, with West Nile virus occurring in
North America, Europe, Africa, and West Asia; Japanese encephalitis occurring in Asia and
west pacific regions; and tick-borne encephalitis occurring in Europe, Russia, and some
countries in Asia.>1-53 Important clinical clues for these infections include systemic features
(eg, erythematous maculo-papular rash in West Nile virus) and neurological features
accompanying acute weakness (eg, seizures and prominent neuroimaging involvement of the
deep grey matter in Japanese encephalitis). Microbiological testing can be tailored according
to these epidemiological and regional infectious considerations.

Guillain-Barré syndrome, particularly the acute motor axonal neuropathy subtype, can cause
acute weakness in children (particularly in some regions);>4-56 however, there are some
clinical features that can help to distinguish AFM from Guillain-Barré syndrome (table 2).
The weakness in AFM can be markedly asymmetrical, often completely sparing one or more
limbs,2347 and can appear in a descending pattern. Sensory symptoms are usually a
prominent feature in Guillain-Barré syndrome (except in the acute motor axonal neuropathy
subtype),®’ unlike AFM. Additionally, the clinical and radiological features of MOG-
antibody associated myelitis can be strikingly similar to AFM.58:59 A further overlapping
characteristic of the two is the frequent triggering of MOG-antibody associated disease by a
viral infection.® Concurrent optic neuritis, an encephalopathy-predominant clinical
presentation, clinical evolution over more than 10 days, or a history of previous CNS
inflammatory events suggests an alternative diagnosis such as multiple sclerosis,
neuromyelitis optica spectrum disorder, or MOG-antibody associated disease, rather than
AFM. Spontaneous spinal cord infarction often presents with acute flaccid weakness with a
grey-matter predominant MRI lesion, and is under-recognised in children;5% however,
patients often report severe back or limb pain (eg, knife-like) at onset, progress to nadir
within 4 h, and have symmetric weakness and a sensory level .51

Diagnosis

MRI of the spinal cord is the most useful diagnostic test in AFM. T2 hyperintensity of the
spinal cord grey matter is the hallmark of AFM (figure 1). Lesions in the early acute phase
(hours to days) are typically confluent and ill defined, and affect the entire grey matter of the
spinal cord when viewed axially,4”62.63 with a varying degree of surrounding white matter
involvement and oedema.*’ Spinal cord grey matter lesions are longitudinally extensive in
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most cases.2 The cervical cord is the most commonly, and often most prominently, affected,
with marked oedema in some cases.*’ T2 hyperintense lesions can also occur in the
brainstem (most commonly in the dorsal pons).47:63 Spinal cord and brainstem lesions are
usually non-enhancing or minimally enhancing. Swelling and hyperintensity of the brachial
plexus in affected upper limbs has been identified in some patients in the acute stage using
short tau inversion recovery MRI.64 Supratentorial lesions in the cortex and white matter
generally do not occur,®0 although T2 hyperintensity of deep grey matter structures has been
recognised in a few patients (unpublished observations). Between 1 and 4 weeks after
clinical onset, oedema improves and residual spinal cord lesions (present in many cases)
become more focal, localising to the anterior horn region of the grey matter, and nerve root
or cranial nerve enhancement frequently emerges,®2 which can persist for weeks to months.
MRI abnormalities can be subtle early in the acute course, which might even be interpreted
as normal in the clinical setting. However, detailed retrospective MRI analysis by
neuroradiologists with experience in AFM suggests that subtle lesions are invariably present
on the initial MRI.47:60.62,63,65

CSF pleocytosis is identified in almost all patients with AFM undergoing lumbar puncture in
the acute phase, with a mild to moderate elevation in white blood cell count (usually <100
per uL with lymphocytic predominance), which appears to resolve over subsequent weeks.
1.5.23,47.60 How quickly pleocytosis evolves alongside the neurological syndrome is
uncertain, and anecdotal reports suggest that if cell counts are normal very early in the
course (within hours of neurological onset), pleocytosis can become apparent with repeat
testing. A few patients with a clinical syndrome and imaging otherwise suggestive of AFM
do not develop any CSF pleocytosis. The reason for this discrepancy is unclear but it can
make differentiation of AFM from some clinical mimics more challenging. CSF protein can
be mildly or moderately raised (usually <100 mg/dL), with occasional reports of values of
almost 1000 mg/dL.>:23:39.47 CSF analysis can be helpful during the acute phase in
differentiating AFM from other causes of flaccid paralysis less likely to produce pleocytosis
(such as spinal cord infarction or Guillain-Barré syndrome).

Investigations outside the CNS or CSF are necessary to search for causes of AFM and its
mimics (table 2). Respiratory (nasopharyngeal and oropharyngeal) and stool or rectal swab
samples can show the presence of enterovirus D68, enterovirus A71, or other enterovirus
RNA by reverse transcription polymerase chain reaction (RT-PCR), with detection most
likely early in the clinical course. The highest yield for viral identification is in respiratory
samples for enterovirus D68,3° and in rectal or stool samples for enterovirus A71.42
Additionally, stool viral culture for poliovirus (with RT-PCR of isolated virus to differentiate
between wild-type and vaccine-derived virus) is indicated in some regions. Although not
standard practice across all regions, the routine inclusion of enterovirus RT-PCR in viral
respiratory and stool panels (as opposed to combined detection of enterovirus or rhinovirus
species) would improve detection of these viruses in patients with AFM, and facilitate
improved disease surveillance. Detection of enterovirus D68 or A71 in the CSF by RT-PCR
is extremely rare.23 Serum testing for MOG-IgG (cell-based assay only) and aquaporin-4
(AQP4-IgG, cell-based assay preferable since low titre false-positive results can occur with
ELISA testing) can identify these important treatable clinical mimics. Positive AQP4-1gG
detected by cell-based assay is highly specific for a diagnosis of neuromyelitis optica
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spectrum disorder.%6:67 The positive predictive value of MOG-IgG for a diagnosis of MOG-
antibody associated disease is high (with high titres showing higher specificity and
reproducibility than borderline or lowpositive titres).58:69 Identification of anti-ganglioside
antibodies in the serum can support an alternative diagnosis of Guillain-Barré syndrome,
although specificity is incomplete, and positive anti-ganglioside antibodies have been
reported with other neuropathies (eg, diabetic neuropathy) and in some patients with AFM.
570 Thus, detection of one or more anti-ganglioside antibodies (particularly at a low titer)
does not exclude a diagnosis of AFM. Collection of serum samples for serological testing
before intravenous immunoglobulin is administered will provide the most reliable results
(given that intravenous immunoglobulin can alter sensitivity and specificity of auto-antibody
tests).”L

Electromyography or nerve conduction studies are often not required to make a diagnosis of
AFM (in fact characteristic findings may only emerge 1 week after neurological onset);
however, these studies can be a useful early investigation when differential diagnoses of
Guillain-Barré syndrome or other acute neuromuscular disorders are being considered.
Electromyography or nerve conduction studies can also have a role in the diagnosis of AFM
in regions where MRI is not readily available, for patients for whom there is diagnostic
uncertainty (eg, with equivocal MRI findings), or for patients with a delayed presentation (or
initial misdiagnosis) in whom electrophysiologic changes are likely to be established by the
time of assessment. Electro-physiological changes of AFM emerge over several weeks.
Diminished or absent compound motor action potentials (CMAP) are an early finding, and
can occur as soon as several days from symptom onset.1:72 By 2 weeks after onset, CMAP
abnormalities tend to be evident, and lower CMAP amplitude appears to correlate with more
severe injury (unpublished data). Decreased or absent F waves can also be detected.572
Sensory nerve conduction studies are normal.29:60.72 |f electromyography or nerve
conduction studies are completed early in AFM, reduced or absent recruitment of voluntary
motor potentials might be the sole finding on needle electromyography. Fibrillations and
positive sharp waves can develop as early as 1 week after symptom onset, followed by
progressively increasing motor unit potential amplitude and duration consistent with
denervation or reinnervation occurring over weeks to months or longer.1:3.60.72
Electromyography findings indicative of denervation can be seen even in limbs with
apparently normal strength.20 Collectively, these findings are indicative of motor
neuronopathy or axonal motor neuropathy, and may closely mimic the electrophysiologic
changes seen in the acute motor axonal neuropathy subtype of Guillain-Barré syndrome.”3
The symmetry and the relative length-dependence of the findings can be helpful clues in
such cases; abnormalities that are asymmetrical and proximal>distal are characteristic of
AFM. Alternatively, conduction block with early reversal of findings on serial studies is
suggestive of acute motor axonal neuropathy.’47>

The poor availability of MRI or CSF analysis, or both, in resource-limited health-care
settings is a particular challenge in the diagnosis of AFM. A typical prodromal illness and
characteristic clinical presentation is suggestive of AFM even in the absence of advanced
diagnostic testing, and electromyography or nerve conduction studies can be a useful
adjunctive diagnostic tool when available. Epidemiological context can also be a useful
clinical clue, because surveillance for enteroviral infections and AFM cases by regional
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public health systems may highlight seasonal periods and geographical locations associated
with increased AFM risk. Although identification of a non-polio enterovirus species in
respiratory or stool samples is not required to make a diagnosis of AFM, it can help to
increase diagnostic certainty when MRI is not available. Serological testing for
neuroimmune diseases with relapsing potential (specifically MOG IgG and AQP4 IgG) is
not widely available in some resource-limited regions, and the onset of a second
neurological event is an important flag for these treatable disorders. Clinical evolution that is
atypical for AFM might also be a clue to these disorders—eg, a robust clinical response to
any empirical steroid treatment if used, or development of upper motorneuron signs
(spasticity and hyper-reflexia) during clinical recovery.

Acute management

Patients with AFM progress from neurological onset to nadir of weakness within hours to
days.23 In 2018, 96% of identified AFM cases in the USA were admitted to hospital, and
58% to an intensive-care unit.1® Supportive treatment with careful monitoring focused upon
potential emerging vital complications is the mainstay of early management. Although there
is no specific evidence for optimal management of AFM, acute supportive management is
similar to other causes of acute neuromuscular weakness. Supportive management includes
optimising cardiorespiratory status including securing the airway and providing ventilatory
support for respiratory failure when needed,; treating bladder, bowel, or other autonomic
dysfunction; managing pain; preventing complications of acute immobility (such as pressure
ulcers and venous thromboembolism); and commencing early rehabilitation. AFM is a
notifiable illness in many regions, requiring notification of the relevant public health
authorities according to local protocols.

Since the pathophysiology of AFM is not fully understood, with the disease occurring in
association with identified enterovirus infection in some patients or absent isolated virus in
others, which biological process(es) should be targeted in acute disease to modify clinical
outcomes is uncertain.’”® There have been no prospective, controlled trials of specific
medical therapies in AFM. Given that most experts believe neuroinvasive viral infection to
be the primary cause of neurological disease in AFM, intravenous immunoglobulin (which
has been shown to include neutralising antibodies against contemporary strains of
enterovirus D68),”” is frequently used for its possible antiviral and immunomodulatory
effects, along with a favourable adverse-effect profile. On the basis of the postulated
mechanism of action, theoretical potential benefits of intravenous immunoglobulin treatment
could be considered greatest when administered early in the course of the illness.
Intravenous steroids and plasma exchange are sometimes used for their potential
immunomodulatory effect, but the potential for therapeutic benefit versus harm remains
controversial. Some physicians have used steroids in cases manifesting critical spinal cord
oedema with secondary cord compression, although individual benefit in such cases is
uncertain. In mouse models of enterovirus D68 nervous system infection, early
administration of intravenous immunoglobulin reduced paralysis whereas steroid treatment
resulted in increased viral titre in the spinal cord and worse outcomes.’® The applicability of
these murine studies to a human disease of incompletely understood cause and pathogenesis
such as AFM is uncertain and represents a key area of future research. In low-resource
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settings where insufficient advanced diagnostic testing precludes confirmation of AFM, and
immune-mediated myelitis (ie, demyelinating or idiopathic myelitis) remains in the
differential diagnosis, clinicians might need to consider a trial of treatment with high-dose
steroids in individual cases. Antienteroviral and neuroprotective activity of fluoxetine has
been shown in vitro,”® but not in a small retrospective uncontrolled cohort study in patients
with AFM,89 or in the murine model.”® Small molecule antivirals and monoclonal antibodies
against non-polio enteroviruses are being investigated as potential therapies.81-83

rehabilitation, and long-term sequelae

AFM seems to be a monophasic disorder with high potential for residual impairment.
Prognostication is challenging, but electromyography or nerve conduction studies and MRI
could both have potential utility.20:62.65 Denervated muscles with severe neurogenic changes
on electromyography or nerve conduction studies in the weeks to months after AFM onset
are likely to experience residual weakness.>20:72 Quantitative measures of grey matter MRI
involvement during the acute phase of the illness show promise in predicting motor
outcomes, based on findings from a small case series.5% Evolution of MRI abnormalities
occurs in the weeks to months after onset of AFM, and the location of residual MRI lesions
in the anterior horns, could correlate with the distribution of residual limb weakness.%2
Localising these characteristic residual lesions could help to map areas of more severe injury
in affected individuals. Future research to elucidate which combination of clinical or
paraclinical factors (or both) best predicts long-term clinical outcomes in AFM is needed.

The extent of recovery in AFM is highly variable, although few patients (<10%) recover
completely.3:518.20.48 After neurological nadir (which may last days to weeks), most patients
show some improvement in motor strength, with recovery being most rapid in the first few
months after onset. Cranial nerve dysfunction is more likely to improve and resolve than is
limb weakness.2048 |n the limbs, early recovery appears to occur in a distal to proximal
pattern.1® Profoundly affected muscle groups (particularly MRC grade 0 of 5) at
neurological nadir are the least likely to recover, and thus recovery can be markedly
asymmetrical.2947 Respiratory muscle weakness can persist, although only a small
proportion of patients remain ventilator dependent at approximately 1 year follow-up.
19,47.48,84 Reports of death have been rare and are limited to immunocompromised adults,
and children with early or late complications of respiratory failure.323

Nerve transfer surgery has been undertaken in some patients with poor clinical recovery of
affected areas. Case series have shown generally positive outcomes from nerve transfers for
restoration of elbow function in appropriately selected patients, with less positive outcomes
for restoration of shoulder function.21:22:85 Muscle or tendon transfer, or both, has been
reported in a few cases, with generally positive outcomes for restoration of elbow or hand
function.21.85 Anecdotal reports indicate that lower limb nerve transfers, nerve transfer to the
phrenic nerve, and diaphragmatic pacing have been undertaken in individual cases;8®
however, there are few published data regarding outcomes in these cases.

Data for medium-term to long-term neurological and functional outcomes of patients with
AFM since 2012 are limited to small cohorts followed up for 2 years or less. Some data
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suggest that severity and prognosis vary according to viral pathogen detected in relation to
AFM, given that patients with AFM associated with enterovirus A71 can have milder muscle
weakness and better recovery than patients with AFM associated with enterovirus D68.42
Patients engaged in multimodal rehabilitation can achieve functional improvements for years
even after recovery of motor strength plateaus.1® However, many patients have substantial
residual weakness, muscle atrophy, and functional impairment, with potential for a
secondary broader range of developmental sequelae. Medium-term to long-term
complications described to date in AFM include neurological sequelae (neuropathic pain,
chronic constipation, chronic ventilator dependence, and dependence on artificial nutrition
and hydration), musculoskeletal sequelae (joint subluxation and dislocation, particularly
proximal joints with profound muscle weakness, limitation in range of joint motion,
scoliosis, limb-length discrepancies, and chest wall abnormalities), and psychological
sequelae (such as anxiety and depression).18-2049 Gjven shared mechanisms, the known
consequences of similar neurological disorders can provide some clues to potential
complications even later in life, such as accelerated degenerative joint disease, reduced bone
mineral density in affected limbs, cardiometabolic syndrome (including obesity, insulin
resistance, hypertension, and dyslipi daemia), restrictive respiratory insufficiency, sleep
disordered breathing, and nocturnal hypoventilation.87-92 Entrapment neuropathies can arise
from the use of walking aids or wheelchairs,23:% while scoliosis can predispose to later
compressive myelopathy or radiculopathy.* Finally, in other disorders causing substantial
neurological disability in early life, such as poliomyelitis, some patients have reported
deterioration in strength or function with ageing.%> Whether patients with AFM could have a
similar decline later in life, or whether continued rehabilitation may mitigate this decline, is
unclear.

Implications of current evidence: diagnostic criteria and clinical care

Literature to date focused on AFM is limited by no uniform diagnostic criteria, which is a
barrier to advances in knowledge about treatment and outcomes in patients with AFM.
Additionally, management approaches have been variable and centre based. On the basis of
best evidence from published knowledge from multiple cohorts, we provide pathogen-
agnostic diagnostic criteria (figure 2), and an approach to the clinical assessment (panel 1),
management (panel 2), and rehabilitation (panel 3) of patients with suspected AFM. The
pathogenagnostic diagnostic criteria for AFM include elements of clinical history,
examination, neuroimaging, and CSF analysis. The core clinical syndrome of AFM is
defined by acute onset of limb weakness, with lower motor neuron findings evident on
neurological examination. Prodromal fever or illness is supportive but not essential to
diagnose AFM, because not all patients report prodromal symptoms, including those for
whom enterovirus D68 is identified.> The diagnosis of AFM can be considered definite
when characteristic MRI findings and CSF pleocytosis are present in addition to the
previously mentioned core clinical features. The diagnosis of AFM can be considered
probable when the core clinical features and characteristic MRI findings are present, but
CSF pleocytosis is absent (or not checked). The diagnosis of AFM can be considered
possible in cases with a limited or milder clinical syndrome, with characteristic MRI
findings; and uncertain when the core clinical features are present, but without adequate
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MRI studies to evaluate. Additionally, factors that suggest an alternative diagnosis are: (1)
encephalopathy that cannot be explained by fever, illness, respiratory distress, metabolic
abnormalities, or medications; (2) presence of sensory deficits on examination; (3) presence
of lesions in supratentorial white matter or cortex, which should prompt consideration of
ADEM, MOG-antibody associated disease, neuromyelitis optica spectrum disorder,
encephalomyelitis, and others; (4) absence of CSF pleocytosis, which should prompt
consideration of Guillain-Barré syndrome, botulism, ischaemic cord lesions, and others; (5)
positive serum aquaporin-4 (AQP-4) antibody, which would exclude AFM; and (6) positive
serum MOG antibody, which would suggest MOG-antibody associated disease.

The frequency of each element of the diagnostic criteria as reported in the existing literature
is outlined in the appendix (p 12), although these studies are notable for substantial
heterogeneity of inclusion criteria (eg, inclusion or exclusion according to age or enterovirus
detection). These diagnostic criteria are specific to the acute phase of the illness, and allow
classification of the level of certainty of an AFM diagnosis, and to distinguish AFM from
other causes of acute flaccid paralysis. The diagnostic criteria outlined do not replace
epidemiological case definitions for acute flaccid paralysis or AFM that public health
organisations (such as WHO or US Centers for Disease Control and Prevention) use for
surveillance purposes. Furthermore, a clinical diagnosis of AFM to guide management of an
individual patient remains nuanced and must take into account the particular characteristics
of each case. These diagnostic criteria classify AFM cases using typical features, although
clinicians might encounter patients with atypical features outside of the outlined criteria.

Conclusions and future directions

The increasing incidence, since 2012, of a likely enterovirus-driven severe paralytic disease
with lifelong sequelae identifies AFM as a major global public health concern of high
priority. Its relative rarity, widely disparate distribution, and resemblance to other causes of
acute weakness argues for widespread education of clinicians and health-care providers on
the characteristics necessary to appropriate diagnosis, acute management, and chronic
rehabilitation. Whether the pattern of seasonal, biennial outbreaks of AFM will continue is
uncertain, but preparedness for potential future increases in AFM cases is essential.
Understanding of factors driving the seasonal, cyclic circulation of nonpolio enteroviruses
could be key to predicting and preparing for future AFM outbreaks. The mechanism by
which common exposures, such as enterovirus infections, lead to severe neurological disease
in the few affected by AFM remains unknown. Potential host genetic and immunological
factors, as well as virological or environmental determinants, need to be elucidated. To
determine whether anti-infective therapies (ie, antivirals, monoclonal antibodies),
immunomodulatory therapies (ie, intravenous immunoglobulin, steroids, plasma exchange),
or a combined therapeutic approach may be most effective, there is a need to understand the
pathophysiological role of direct viral infection, immune activation, and inflammation on
neuronal damage. Ultimately, if cases of this disabling paralytic disease continue or increase,
a preventative approach, including development of vaccine candidates against the leading
suspected viral causes, might be necessary. All the above advances are dependent upon
increased awareness of the presenting clinical features of AFM, allowing accurate case
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ascertainment to understand epidemiology and burden of disease, early recognition to allow
prompt specimen collection and causal diagnosis, and early initiation of potential therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Search strategy and selection criteria

For this Review, we searched PubMed with the terms “acute flaccid myelitis”, “acute
flaccid paralysis”, “polio-like”, “poliomyelitis”, and “enterovirus”, and sorted results into
the following themes: epidemiology, clinical presentation, diagnosis, management, and
outcomes. Search criteria were limited to publications in English from January, 2012, to
July, 2020. In addition to identified primary research we included relevant materials such
as published opinions and viewpoints, proposed case definitions, and other materials
including conference abstracts, ongoing research work, and unpublished observations of

AFM Working Group members based on their clinical experience.
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Panel 1:
Clinical and paraclinical evaluation of patients with suspected AFM
Initial clinical assessment

. Consider AFM in patients presenting with rapid-onset weakness, particularly
when occurring during or shortly following a suspected viral illness.

. Complete neurological examination should include specific tests for proximal
muscle weakness (such as standing up from a seated position on the floor),
axial weakness (neck and trunk flexion and extension), and cranial nerve
abnormalities.

. Clinical features atypical for AFM include encephalopathy unrelated to
metabolic disturbance, seizures, extensive sensory abnormalities, or evolution
to nadir over more than 10 days.

. Neurology and infectious disease specialists should be consulted (where
available) to help with diagnosis, evaluation, and treatment.

. Admission to intensive care unit should be considered when indicated, and
close monitoring for respiratory or autonomic deterioration, or both, is
essential.

Radiological evaluation

. MRI whole spine and brain should be prioritised, including T2 and T1 pre-
contrast and post-contrast sequences in both axial and sagittal planes.

. The characteristic MRI abnormality is grey-matter predominant T2
hyperintensity of the spinal cord with associated spinal cord oedema; lesion(s)
are usually longitudinally extensive and non-enhancing. Nerve root
enhancement might be present.

. Repeat MRI can be considered after further clinical evolution in patients with
a suggestive clinical presentation but in whom early MRI of the spinal cord is
apparently normal.

Laboratory evaluation

. Obtain specimens as soon as possible (ie, within hours of clinical
presentation).

. Respiratory samples (both nasopharyngeal and oropharyngeal): respiratory
viral RT-PCR testing (to include enterovirus RT-PCR). When possible, a
positive enterovirus RT-PCR result should be subtyped (to include enterovirus
D68, enterovirus A71, and other common subtypes).

. Stool samples or rectal swab: enterovirus RT-PCR, viral culture for poliovirus
when epidemiologically relevant (with RT-PCR of isolated virus to
differentiate between wild-type and vaccine-derived virus).
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. Blood sample: microbiological tests (enterovirus RT-PCR and other
epidemiologically appropriate micro-organism tests—eg, West Nile virus
serology), and testing for specific alternative myelopathy diagnoses to include
MOG IgG and aquaporin-4 IgG.

. CSF sample: cell counts, protein, glucose, oligoclonal bands, enterovirus RT-
PCR (although yield is very low), and other epidemiologically appropriate
micro-organism tests.

. When RT-PCR is not readily available, samples can still be acquired and
frozen for future analysis or transfer to public health authorities.

. Respiratory, stool, serum, and CSF samples should also be sent to the relevant
public health authorities, according to local protocols.

Low-resource settings

. When MRI is not possible, rapid completion of available laboratory testing
should be prioritised (CSF analysis, microbiological sampling), and
EMG/NCS can be incorporated in the initial evaluation when available.

AFM=acute flaccid myelitis. MOG=myelin oligodendrocyte glycoprotein.
CSF=cerebrospinal fluid. EMG/NCS=electromyography or nerve conduction studies.
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Panel 2:
Acute management of patients with suspected AFM

Respiratory status

. Patients with respiratory muscle weakness are at risk of hypoventilatory
respiratory failure. Bulbar muscle weakness can lead to inability to protect the
airway.

. Poor head control, drooling, proximal upper limb weakness, neck weakness,

or altered voice quality suggest a risk of respiratory failure. Settings without
intensive care facilities should consider transfer of patients with risk of
evolving respiratory failure to higher level of care institutions.

. Respiratory function should be assessed every 4 h until clinical stabilisation.
Monitoring may include testing of negative inspiratory force, vital capacity,
oxygen saturation levels, and blood gas analysis (to detect evolving
hypercarbia).

. The possibility of concomitant respiratory tract infection should be
considered and treated as appropriate.

. Typical thresholds for non-invasive ventilation or intubation in patients with
neuromuscular weakness or bulbar weakness should be applied.

. Tracheostomy can be considered in patients requiring prolonged intubation.
Sedation
. Sedation for procedures (eg, MRI) carries a risk of respiratory

decompensation; patients should be closely monitored and short-acting agents
used when possible.

. Where intubation is required, medications with the least effect on respiration
should be used—eg, dexmedetomidine.

Pain and autonomic dysfunction

. Neuropathic pain is frequent and should be treated. In sedated patients or
young children, pain might be recognised by irritability, tachycardia, and
refusal to move.

. Bladder function should be assessed with post-void residual volumes. Urinary
catheterisation might be required.

. Constipation is common and should be treated appropriately.

. Autonomic involvement may manifest with hypertension, labile blood
pressure, diaphoresis, and even cardiac arrhythmia, requiring close
monitoring and treatment.

Immunomodulatory therapies or antiviral therapies
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With little evidence regarding potential benefit or harm of therapies in
humans, no standardised pharmacological treatment can be universally
recommended.

A common, but unproven, approach is to provide intravenous
immunoglobulin during the acute phase, which might provide anti-enteroviral
neutralising antibodies, with minimal potential harm.

In low-resource settings where differentiating between AFM and immune-
mediated myelitis can be challenging (eg, because of no MRI and a clinical
presentation that is not wholly typical), a trial of steroids can be considered on
an individualised basis.

Early rehabilitation

Physical, occupational, and speech therapy should be commenced early.

Consider early initiation of electrical stimulation therapy to minimise disuse
muscle atrophy.

Psychological support should be provided to assist the child and family with
coping and adjustment.

In settings with limited rehabilitation resources, early mobilisation and
activity-based therapy should still be encouraged.

AFM=acute flaccid myelitis.
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Panel 3:
Rehabilitation and long-term clinical care of patients with AFM
Inpatient rehabilitation

. After the acute phase of AFM, medically stable children with significant
residual neurological deficits should transfer to an inpatient rehabilitation
programme with a multidisciplinary team.

. Although specific evidence regarding rehabilitation in AFM is minimal, the
approach can draw on methods used in other monophasic neurological
injuries (eg, spinal cord injury) and in other motor neuronopathies (eg,
poliomyelitis, Guillain-Barré syndrome).

. Intensive rehabilitation should include short-term goals to facilitate
developmentally appropriate functional independence and use of
compensatory devices, while simultaneously working towards long-term
goals for recovery of function and avoidance of musculoskeletal
complications.

. Intensive activity-based therapy can include weight loading of limbs, massed
practice, and task-specific practice.

. Locomotor gait training or functional electrical stimulation, or both, can be
used when available, although data supporting the specific effect of these
approaches on AFM outcomes are scarce.

. Consider orthotic devices, mobility equipment, assistive technology,
identification of home care needs, a plan for school and community re-entry,
psychosocial support, and education for the child and family.

. In low-resource settings with little access to skilled therapy, education of
patients and care-givers regarding home-based activities is essential.

Nerve and tendon transfer surgery

. Patients with poor recovery in an affected muscle group 3 months or longer
after onset of AFM should be considered for potential nerve or tendon
transfer surgery, or both, by a centre experienced in the relevant procedures
(where available).

. Experience with nerve and tendon transfers in the upper extremity has shown
promising results in appropriately selected patients with AFM.

. Phrenic nerve transfer, lower extremity nerve transfers, or pacing of the
phrenic nerve or diaphragm can also be considered in selected patients,
although data on outcomes are scarce.

. The appropriate timing for nerve transfer surgery is uncertain, but a delay in
consideration could result in a missed window of opportunity (because
muscle viability wanes with extended periods of denervation). Tendon-
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transfer surgery is not time sensitive and can be completed months or years
after the initial injury.

. EMG/NCS can aid in the planning of nerve transfer surgery, and should
include evaluation of the donor nerve and acceptor muscle.

Medium-term to long-term rehabilitation

. After home discharge, continued rehabilitation with periodic skilled therapy
should be provided to achieve acquisition of developmentally appropriate
milestones and functional independence.

. Educational and developmental transitions, age-appropriate self-advocacy
skills, increasing independence in self-care, and responsibility for medical
management will aid successful transition to adulthood.

Long-term medical management

. Patients should continue vaccination protocols according to national
guidelines (including delayed live vaccinations if intravenous
immunoglobulin has been administered).

. Long-term follow-up should be provided by neurology and physiatry or
rehabilitation medicine services where available, alongside primary care.

. Specialist input might be required to manage complications such as joint
contracture, scoliosis, shoulder or hip subluxation, limb length difference, and
loss of bone mineral density.

. Children requiring long-term ventilatory support or artificial nutrition will
require additional specialist input.

AFM=acute flaccid myelitis. EMG/NCS=electromyography or nerve conduction studies.
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Figure 1: Typical MRI findings in the acute phase of AFM
Spinal MRIs are shown of an 8-year-old child with AFM, acquired 24 h after onset of

neurological symptoms.(A) Sagittal T2 image showing an ill-defined longitudinally
extensive central/anterior spinal cord lesion. (B) Axial T2 image from C5-C6 shows
hyperintensity of the entire grey matter of the spinal cord, with associated oedema and some
surrounding white matter hyperintensity. (C) Axial T2 image from T7 shows asymmetric
hyperintensity of the grey matter (right more than left). (D) Axial T2 image from T10 shows
hyperintensity of the entire grey matter. (E) Axial FLAIR image at the level of the middle
cerebellar peduncle demonstrates hyperintensity of the dorsal pons (arrow). AFM=acute
flaccid myelitis.
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Diagnostic items Definite | Probable | Possible | Uncertain
H1: Acute onset of limb(s) weakness (period from onset to ’
nadir: hours to 10 days) P P P P
H2: Prodromal fever orillnesst P/A P/A P/A P
E1: Weakness involving one or more limbs, neck, face, p p ps p
or cranial nerves
E2: Decreased muscle tone in at least one weak limb P P P/A P
E3: Decreased or a!lasent deep tendon reflexes in at least p p P/A p
one weak limbi
MRI: Spinal cord lesion with predominant grey matter
: : : P P P ND
involvement, with or without nerve root enhancement§
CSF: Pleogytosis (white cell count >5 cells/L)q P AorND | P/AorND | P/AorND

Factors that might suggest an alternative diagnosis

1. Encephalopathy that cannot be explained by fever, illness, respiratory distress, metabolic abnormalities,
or medications

2. Presence of sensory deficits on examination||

3. Presence of lesions in supratentorial white matter or cortex, which should prompt consideration of ADEM,
MOG-antibody associated disease, neuromyelitis optica spectrum disorder, encephalomyelitis, and others

4. Absence of CSF pleocytosis, which should prompt consideration of Guillain-Barré syndrome, botulism, ischaemic
cord lesions, and others

5. Positive serum aquaporin-4 (AQP-4) antibody, which would exclude AFM

6. Positive serum MOG antibody, which would suggest MOG-antibody associated disease||

Figure 2: Diagnostic criteria for AFM

These criteria apply to the acute stage of the disease. AFM=acute flaccid myelitis.

H=history. E=examination. CSF=cerebrospinal fluid. P=diagnostic element is present.
A=diagnostic item is absent. P/A=presence of this diagnostic element is supportive but not

required. ND=test was not done. ADEM=acute disseminated encephalomyelitis.

MOG=myelin oligodendrocyte glycoprotein. *Subjective (H1) or objective (E1) weakness
must be present in any of: limb(s), neck, or cranial nerves. tProdromal illness can include
respiratory, gastrointestinal, or other symptoms of viral illness. tNormal or increased

reflexes can be found in other limbs. §1f MRI obtained very early (within hours of

neurological onset) appears normal, repeat MRI after clinical evolution might show
diagnostic findings. MRI obtained at late stages (=4 weeks) might be normal. JCSF may be
normal at very early (hours) or late (=4 weeks) stages of AFM. ||At present, there are no data
describing the frequency of these features in patients with AFM.
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Table 1:

Clinical presentation of acute flaccid myelitis

Estimated frequency

Age <21 years 80-90%
Prodromal fever or viral illness 85-95%
Neurological onset to nadir <10 days 100%
Headache or neck stiffness at onset 12-60%
Asymmetric onset of weakness 65-95%
Limb weakness 85-95%
Upper limb weakness 60-85%
Flaccidity or hyporeflexia of affected limbs 95-100%
Neck, face, extraocular, or bulbar weakness 20-60%
Trunk weakness 30-70%
Requirement for mechanical ventilation 10-40%
Bladder or bowel dysfunction 5-40%
Non-specific sensory symptoms (eg, paresthesia) 10-20%
Cardiovascular autonomic dysfunction <10%
CSF pleocytosis (with testing <5 days after 85-95%
Grey-matter predominant spinal cord lesion(s) on MRI 95-100%
Brainstem lesion(s) on MRI 35-45%
Cerebral deep grey matter lesion(s) on MRI <5%

CSF=cerebrospinal fluid.
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