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Abstract:

Background: Clusters ofacute limb weakness ira@diatric patients have been linked to
outbreaks of nomolio enterovirusegermed acute flaccid myelit{&\FM). Outside these
clustersgin,countries where polio is not endemhis poliomyeliticdike iliness israre in
childhood andtsynatural history is not wetldined. We describe presenting features,

investigation-findings and longprm outcome of a series of children wkRM.
Methods: Retrospective cohort study.

Results Eight'ehildren (6 females) ag&dmonths to 8 years (median age 5 years) met case
criteria. Initial.symptoms were pain (n=7) followed by limb weakness with hypofoni).
Flaccid paralysis occurred in only three patiefitso had cranial nerve dysfunction.
Magnetic resonance imagingthie spinal cord demonstrated gray matter involvement
particularly affecting the anterior cord, with longitudinally extensive chaimgésee
children.CSFexamination showed pleocytosis in six children with raised CSF protein in
five. Nerve conduction ahelectromyography findings were consistent with a motor
neuronapathy. Residual deficits were common, with moderatere weakness seen in five

patients. Median follow-up was 28 months (range 17-108 monthst@8lpatient years).

Conclusion AFM is an uncommon condition in childhood with a high rate of significant
long+term morbidity. AFM should be considered in children presenting with acute limb pain

and weakness.
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Introduction :

In the postpolio vaccination era, acute flaccid paraly@é-P) has become associated with a
host of diagnesesncluding spinal cord tumors, trauma, transverse myelitis (GW)llain-
Barré syndrome\(GBS), and less common conditions such as botulism and porphyria
Infection remains-an importanduse oAFP, with flaviviruses, herpesviruses, adenoviruses
and enterovirusg&V) all causing this syndrome in the developed and developing vildrid.
outbreak ofespiratory illnesses caused By68 in the United States and Canada in 2014
coincidedwith a cluster omyelitic diseas¢l, 2] termed acute flaccid myelitis(tAFM) by

the CentreforDisease Control (CPP[3], raisng concerns abownepidemicof non-polio

myelitis. Similar‘outbreakef EV71 infections werelescribedn Australia in 20134].

AFM is typified by weaknes&nd hypotonia in one or more limlvgith sensation and
autonomicfunetion being sparad ¢ontrasto TM, in which sensory defits and autonomic
dysfunctiomare.comm@nWeaknessnay be incompleteMagnetic resonance imaging (MRI)
of the spinelemonstrategray matterinvolvementwith a predilectiorfor the anterior horns,
with or witheutsconcomitant brainstem involvem§2it In severe cases longitudinally
extensivermyelitis can lead to respiratory failure and déathg term outcomes are thought

to be poorgalthougthere is limited data on theatral historyof this condition.

Cerebrospinal fluid (CSF) examination frequently demonstrates a pleocytosasatt r

protein, while.neurophysiological assessment suggests a motor neurorj@dpathy

Most coharts occur in the context of viral outbreal®. present aohort ofchildren with
sporadicAFM with the objective of describing tingoresenting symptoms, investigation

findings and longerm outcome
Methods

We ascertaine@ retrospective cohort of childrgmesenting wittAFM to the Royal

Children’s Hospital Melbournbetween 2001-2014 with the consent of the hospital ethics
committeerand reviewed tingrospectively collected data. The Royal Chalus Hospital is
the largest gediatric hospital in VictoriaAustralia,with more than 355,000 patient visits per
year (outpatient visits and inpatient admissioA$)M was defined aanacute onset ofimb

weaknessvith an MRI showing a spinal cord lesion largely restricted to gray matter and
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spanning one or more spinal segnts[5]. Childrenwith spinal cord trauma or malignancies

were excluded.

Children were investigated with a standardised protimcahyelitis. Investigations for
infectious causeincluded blood cultures, serology for mycoplasma, cytomegalovirus,
EpsteinBarr virus, herpes simplex vir@slSV) and varicella zoster virus. C®&xamination
included biochemical testing, bacterial culture and polymerase chain reactiont@3i)

for HSV.andEV.. Stool samples were sent for viral cultusesd PCRor EV and adenovirus.
Where respiratorgymptomsverepresentnasopharyngeal aspirates or throat swabs for viral
PCR arrays were performdelaviviruses are not seen in Victoria and wereroatinely

testedfor.

Blood testsiincluding full blood counts, urea and electrolytagaCtiveprotein, erythrocyte
sedimentatiomates, antnuclear antibody testing, vitamin D testingunomyelitisoptica

(NMO) IgG antibodiegfor cases presenting after 200éen testindgpecame availabjeand
angiotensin-converting enzynevels were performed in all patients. Paired serum and CSF

oligoclonal bands wersentwhere CSF wasbtained.

MR imaging ofithe brain and spine was done at 1.5 T or 3.0 T, with intravenous gadolinium
contrast being given in all cases. Nerve conduction st{dieS)and electromyography

(EMG) weresperformeaccording to standard techniqyék
Results

Eight childrenmet the case definitioabove All were residers of Victoria, Australia.The
medianageat presentatiowas5 years(seeTable ). Recent prodromallnesses were
identified in allcasesoccurringa mediarof threedays pror to the onset of the weakness.
Five children hadipper respiratory tract infectiondRTIs), two with exacerbation of
previously=diagnosed asthma. Four of the eight childieoreportedadditional(presuned

viral) URTIs:26:weeks prior tahe proximal prodromal illness

Forsevenchildren (87.5%), thénitial neurologi@l symptom wadimb pain, followedwithin
48 hours'by weakness which progresseall children to maximal disabilitgver 4-72 hours.
Three childrerpresented with a true flaccmhralysis, whildive developed a moderate to
severe monoparesfgrade 3 or weakam the Medical Research Council Scale for Muscle
Strength[7]) in at least one muscle group in the most affected extremitlireecaesthe
contralateral limlwas also affectetb a lesser degre@&wo childrenhad cranial nerve
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involvement. The dgetendon reflexes wekepressed or absantthe affected limhsbut

were normal elsewherg all casesSensory and autonomic involvemevas not seen.

All children received their diagnosis of AFM their clinicalnadir,after a variableduration

of neurological symptoms (range 4 hours-127 days, median 9 daysgchildrenwere

initially thought to have psychogenic weakness, and one had been investigatad itabén

hip andoccult fracturebeforereferral The child with the longest time to diagnosis (127 days)

was initially.diagnosedith transverse myelitis

Magnetic resonance imaging of the brain and spine was undertakiénases, and showed
abnormalities in'the spinal gray matter, predominantly affecting the anteriofdeeffigure

1 andTable.d «Hyperintensitym T2-weighted sequences was s@ethese regions,

extending ‘overgdwo or more vertebral levels in all tme caséCase 5, imaged3 months

after the onset).,On posbntrast sequences, the gray matter lesions showed enhancement in
three cases, with ventral nerve root enhancement also being seen in three easéghi{€d
imaging revealed hyperintensityithin the dorsal pons and medulla in the two cases with

cranial nerve involvement.

CSFexamination was performed in seven children. One had a traumatic tap. The others
demonstrated mild to moderatpleocytosis with a modest lymphocytosis seen in four and

increaseqrotein in five(seeTable 2.

NCSwereperformed irsix casegseeTable 3. Concentric needlEMG was abnormal in all
five subjects studied, showing decreased recruitment and motor unit action potential

abnormalitiexonsistent with anotor neuronopathy.

Evidence of acute infection was found only in case 8, who had a positive stool PCR for
EV71. Gase 2 was travelling iBouthast Asia at the onset of her illnessjnvestigations to
exclude malariajDengue fever, Chikungunya virus and West Nile virus were perfolimed; a
werenegativex=Case 2 had mycoplasgpeecific IgM detected via an enzyme immune assay,
however myeeplasma was not cultured from any specimen, specific antibodies were
equivocal via'particle agglutination and no convalescent sample was obtained, so the
significanceof this finding was questionablall other testing for infectious aetiologies were
negative and dherinvestigationslemonstrated no evidenceMi#MO, neurosarcoidosis and

multiple sclerosis.
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Treatment varied between children based on clinipraference and the timing of the
diagnosisintravenous immunoglobulin (IVIgg/kg and/or IVimethlypredinsolone
(15mg/kg/day for 3-5 days followed by an oral tapeas administeredCase 5 received no
treatment for neurinflammation as she was initiallpanaged and investigated for a
suspectedrthopaedic cause of reduced lower limb movement. The diagnosis of myelitis was
not made until 77 days after the initial symptoms and it was felt immunotherapy maiul

alter the courseéCase 6 was managed for transverse myslitis methylprednisolonat her

initial presentationherfinal diagnosis of AFM was not made until 127 days later.

The eight children were followed farmedianof 28 months (range 1768 months30
patient yeargntotal). Functional outcomes varig¢deeTable 1. Two children haca
persistent flaccid paralysigith no improvementAll children withbilateral limb
involvement.had complete recovery in thss affected limbMaximal recoverywas

achievedby.amedian of 6 months (range 1-24 months).
Discussion

This cohortofpatientwith AFM describeghe presentation and outcoroéthisrare
conditionanddemonstratesvith long term follow upin comparison to previous studi¢isat
persistensequelae are commonhese findings are consistent with other reported cohorts

with shorterdfollow up perioddvostchildrenin this series werkeft with ongoingweakness

of theprimarily affected limb butcranialnerve and other limb involvemergsolved

Recovery was generally complete by six months, but could progress for as long as two years.

The extent ofinal recovery was not predicted by age or by severity at presentation.

The pathogenesis GAFM is uncertain Histopathological datia this settings not available.
Direct CNS invasion has been seen in enteroviral encephalomfgjlitisit it is not clear
whetherAFM reflects infectious or paftarainfectious inflammabn. MRI changes in the
brain stem and spine are sewth viral infections butmayalso be present iautoimmune
conditions.In otherseries viral aetiologiesvere notidentifiedin many patients, with the
association witleV being inferred due to clusters of cases occurring diEwvigpidemics

[2], so itisunsurprising infectious aetiologies were frequently not ifiedthere. Also, due
the considerable variation in time to presentation to the neurology service, some
investigationsvereperformed outside the optimal tiframe perhaps further explaining the

paucity of identifiablenfectious agents.
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The place of immunotherapy f&iFM is unclear.Corticosteroids are the standard of care in
TM, in which they have been shown to reduce disability and improve out¢@mébere

were early reports of possible benefits of corticosteroid treatment during the acute paralytic
phase of poliomyelitis [10], but these were counterbalanced by animal studies detingnstra
worseningnfections in animalsnoculatedwith polio in the presence of corticosterojdi].
More recent observationdata hasuggested possible benefitsm corticosteroidherapy in
enteroviral'and flavivrial infectiond 2, 13], however randomised control trials are not
available and are unlikely to be obtainableefie is alsmo experimental evidence supporting
the use of intravenous immunoglobulin in this context, howpatrological dat&rom fatal
encephalomyelitis cas¢k4] suggests that inflammation may be a modifiable facttim
pathologyand observational datigpatients preseimty with neurological complications of

EV supportsts use[4]. Current recommendations from the CDC are for supportive therapy
only [3]. In this series, children were treated with intravenous immunoglobulin,

corticosteroig or bothputthe efficacyof these interventionsould not be assessed.

In 1974, Hopkins reported 10 children seen in a single centre between 1968 and 1974 with
polio-like symptoms 47 days after URTIsvith symptoms of asthm@d5]. Children presented

with weakness and pain affecting one or more limbs, hypotonia, CSF pleocytosis, raised CSF
protein levelpand neurophysiologic findings suggestive of a neuronopathy, a conclusion
supportedby MRI of subsequent cases [16]. Several subsequent reports of Hopkins syndrome

have been linked to various infections, includig [17].

The similaritiesbetveenthe cases in this cohort and the previously described patients with
Hopkins syndromarestriking. Two of the children in this cohanad illnesses consistent
with the clinical syndrome described by Hopkinke$e entities are likely variants of the

same conditionas are recently describedses in adults with HIY18].

Theretrospective nature of this analysis makes it difficult to estimate the prevalence of
sporadic AFM due to ascertainment bi@ategorisatiomf cases relied on clinicians and
radiologists being aware of the significance of the clinical presentation RhéirMings,
meaningthat thislikely represents an incomplete survey of the AFM cases presenting in this
population during this perigés even those who were eventually diagnosed with AFM were

given a multitude of other diagnoses first.

Delayed diagnosis or misdiagnosis of this conditiopsgghogenic weakness orthopaedic

illness wasot uncommonThe farity of this diagnosis and changing nosology for this
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conditionmay contribute to delay in diagnosis, leadilognappropiate investigationsnd
treatmentsand hindering our ability to identify future outbreaks and define the prevalence of
AFM. Improved tarity in nomenclature and increasawareness of this conditiaill help

address these issues.
Conclusion

AFM is a rare-entity compriseaf limb weaknes@ the context of anteriorly/gray matter
predominant myelitis as found on MRI, with or without cranial nerve involvement. This
cohort provideglinical dataconsistent with previous findings\d demonstrateébat
persistent\weakness andalbility arerelatively commorin children affected by AFMThis
condition should be suspected in the setting of acute limb pain associated with an&daore

neuron pattern,of weakness.
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Figure L MRIl.spine

Axial T2-weighted images demonstratereased signah the region of the anterior horas
the lower thoraci€A, case 4; D, case) &nd cervical regions (C, case 8; F, casérgyeased
signal could bewnilateral (A, C, D) or bilateral (F). Postitrast axial TAwveighted image
demonstrates ventral nerve root enhancement (B, caSagijtal T2weighted images

demonstrate thextent ofsignal changes ventrally (E, case 6; G, case 7).

Table 1:Clinical characteristics, treatment and follow up

Case| Mol 2 3 4 5 6 7 8
No.

Age 8- 6 years 21 4 years 14 6 years 7 years 3
at years months months mont
onse hs

Sex | Femal| Female | Female| Male Female Female Female | Male

e
Infec | Viral Fever, Viral Viral Fever, Viral Viral Feve
tious | URTl"gastroen| URTI URTI | gastroentg  URTI URTI r
prod | with teritis with ritis with
rome| asthm asthma out
a local

ising
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Right leg
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ial facia
nerv I
e
invol
vem
ent
Trea | IVIg +| MePnL | MePnL | MePn Nil MePnL MePnL + | MeP
tmen | MePn + 1IVIg L+ IVigat3 | nL +
t L atd IVig weeksfor | IVIg
give | mnth poor
n for recovery
poor
recove
ry
Leng| 108 27 25 28 17 37 102 25
th of
follo
w up
(mo
nths)
Curr | Flagci| Mild Flaccid | Moder | Severe Mild Moderate | Nor
ent d weaknes| paralysi| ate | weakness weakness| weakness| mal
level | paraly | s right sleft | weakn| rightleg | rightarm left arm
of Sis arm, | leg with | ess left|  with with with
funct | right mild atrophy | leg; atrophy | atrophy of | atrophy;
ion leg pain and ableto| andleg | shoulder | scoliosis
with with contract| weight | length girdle; urinary
atroph*normal ures bear | discrepan| normal incontinen
y function cy function ce
Tim 3 12 3 15 1 6 24 6
eto
max
funct
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ion
(mo
nths)

MePnL: methylprednisolone

IVIg: intravenous immunoglobulin

Table 2ilnvestigations

Case No.

PEN

MRI

Gray
matter
involvem

ent

Right
anterior
T12-Lk1

Anterio
r C3-C7

Anterio
r T11-
L1

Anterio
r T12-
L1

Anterio
rT12

Anterio
r C2-C6

Left
anterior
C2-T2

Diffuse
at C3
C4+

T11-L1

Gray
matter
contrast
enhancg
ment

Ner\!

root
contrast
enhance
ment

Brainste

involvem

ent

CSF

Polymor
phs
(x10P/L)

Not

done

89

Lympho

10

48

41

Not
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cytes done
(x10P/L)
Erythroc| 250 3 3 0 Not >9999 1 15
ytes done
(x10°P/L
Protein|( 0.67 0.33 0.77 0.51 Not 0.71 0.32 0.84
(g/L done
|
Referenc
e Range
0.2-0.4)
NCS (38 Not (1 day) | (7 days)| (77 Not (11 (7 days)
(days days) done days) done days)
from
symptom
s to
study)
CMAPs | “Absent | N/A Low | Normal | Normal | N/A Absent | Normal
- amplitu
de, CV
o
normal
SNAPs ¢Normal | N/A Normal | Normal | Normal | N/A Normal | Normal
EMG Not Not Not
done done done
Active |  N/A N/A - + - N/A + -
denervati
i
Polyphas| N/A N/A - Increas| Mildly N/A Increas| Mildly
ia ed increase ed increase
‘ d d
Amplitu | N/A N/A Normal | High High N/A High High
de
Recruitm| N/A N/A Decreas Decreas| Decreas N/A Decreas Decreas
ent ed ed ed ed ed
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CMAPs: Compound muscle action potentials

SNAPs: Sensory nerve action potentials
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