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ABSTRACT

Objective: We describe long-term functional, neurodiagnostic, and psychosocial outcomes of
a cohort of 12 children from Colorado diagnosed with acute flaccid myelitis (AFM) in 2014

Methods: Children were assessed every 3 months for 1 year or until clinical resolution. Assess-
ments included neurologic examination, MRI, EMG/nerve conduction studies (NCS), functional
measures (Assisting Hand Assessment, Hammersmith Functional Motor Scale), and Patient-
Reported Outcomes Measurement Information System questionnaires.

Results: Eight of 12 children completed the study. Six of 8 had persistent motor deficits at 1 year;
2 demonstrated full recovery. Four were not enrolled, 2 of whom reported full recovery. The 6
affected were weakest in proximal muscles, showing minimal to no improvement and significant
atrophy at 1 year. All patients improved in distal muscle groups. Cranial nerve dysfunction
resolved in 2 of 5 and improved in all. Four of 5 showed progressive functional improvement at
6 and 12 months. Two of 8 reported pain at 1 year. Three of 8 reported depressive symptoms.
Repeat MRI was performed in 7 of 8 children a median of 7 months after onset and showed sig-
nificant improvement or normalization in all but one child. Repeat EMG/NCS was performed on 4
children a median of 8 months after onset and showed ongoing denervation and chronic reinner-
vation in 3 children with persistent deficits.

Conclusions: At 1 year, children with AFM demonstrated functional gains but weakness per-
sisted. EMG changes correlated with persistent deficits better than imaging. Despite improve-
ments, AFM had substantial long-term functional effects on affected children. Neurology®
2017;89:129-137

GLOSSARY

AFM = acute flaccid myelitis; AHA = Assisting Hand Assessment; CDC = Centers for Disease Control and Prevention;
CHCO = Children's Hospital Colorado; EV = enterovirus; MRC = Medical Research Council; MUAP = motor unit action
potentials; NCS = nerve conduction studies; PROMIS = Patient-Reported Outcomes Measurement Information System.

Poliovirus and other nonpolio enteroviruses, including enterovirus (EV) A71 and D70, cause
acute flaccid paralysis with variable, often incomplete, recovery and long-term neurologic
sequelae.'” In 2014, we described a cluster of 12 children with acute flaccid myelitis (AFM)
who presented to Children’s Hospital Colorado (CHCO) in Aurora.® Nationwide surveillance
through the Centers for Disease Control and Prevention (CDC) detected 120 cases of AFM in
34 states.” This correlated with a widespread outbreak of severe respiratory illness due to
EV-D68 across the United States, suggesting a causal relationship.”* While the initial clinical
presentation, neuroimaging, and electrophysiologic studies in these children were similar to
acute flaccid paralysis due to other EVs, the clinical course and long-term outcomes of these
recent cases of AFM is unknown.

The primary aim of this study was to characterize the short- and long-term neurologic out-
comes of this cluster of children with AFM by measuring motor strength, cranial nerve function,
objective functional assessments, quality of life, and neurodiagnostic outcomes.
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METHODS From August 1, 2014, to October 31, 2014, we
identified 12 children with AFM, defined by acute onset limb
weakness or cranial nerve dysfunction with imaging changes pre-
dominantly in the gray matter of the spinal cord or the brain-
stem.® All 12 families were approached for participation in the
clinical research study. Children were followed every 3 months
for 1 year following presentation or until complete clinical reso-
lution of deficits. Follow-up was provided in a multidisciplinary
clinic that included providers in child neurology, physical med-
icine and rehabilitation, psychology, physical therapy, and
occupational therapy. An infectious disease specialist and research
collaborator was instrumental in study design and data collection.

At each visit, patients underwent physical examinations by
both a neurologist and physiatrist, assessing neurologic and func-
tional status, respectively. A consistent provider assessed muscle
strength using the Medical Research Council (MRC) scale (0/5
to 5/5) for each muscle group. Reflexes were assessed on a scale
of 0 to 4. Cranial nerve function was assessed clinically.

Objective functional outcomes of the upper extremities were
assessed by a registered occupational therapist using the Assisting
Hand Assessment (AHA). The AHA is a validated performance
measure of hand function, for children ages 18 months—12
years, measuring how well children can use the affected hand
collaboratively with the nonaffected hand in bimanual play. A
change of greater than 5 points on the AHA between assessments
or anything less than a full score is considered clinically signifi-
cant.”’® Objective functional outcomes of lower extremities were
measured by a licensed physical therapist using the Hammer-
smith Functional Motor Scale. This scale provides assessment of
motor ability and clinical progression. This scale has been vali-
dated as a reliable tool for assessing functional impact of strength
in patients with spinal muscular atrophy, a motor neuron disease,
but has also been used in a variety of conditions causing weak-
ness.'" Any score below a full score of 66 is considered clinically
abnormal.

Patient-Reported Outcomes Measurement Information Sys-
tem (PROMIS) questionnaires were used to assess self-reported
functional and psychosocial outcomes. PROMIS was developed
by the NIH to evaluate outcomes across physical, social, and
mental health domains. Questionnaires are designed for pediatric
self-report (ages 8—17 years) or parents serving as proxy reporters
for children (ages 5-17 years)."> A change of >1 SD was consid-
ered clinically significant. Functional outcomes were assessed
with PROMIS questionnaires for upper extremity and mobility
function. Psychological outcomes were measured with PROMIS
questionnaires for fatigue, pain, depression, and stigma. In addi-
tion, patients and their caregivers were given the opportunity to
meet with a pediatric psychologist at each clinic visit. Clinical
assessment focused on psychosocial domains affected by medical

illness, including adjustment and coping with the diagnosis of

[ Figure 1 Study inclusion chart ]

Patients who met CHCO
AFM case definition
(N=12)

Excluded (n=4):

* Fully resolved (via telephone interview) (1)

» Functionally resolved (neurology clinic visit
assessment) (1)

» Geographical limitations (1)

* Lost to follow-up (1)

Enrolled in study
(n=8)

AFM = acute flaccid myelitis; CHCO = Children's Hospital Colorado.
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AFM, social and academic development, and overall emotional/

behavioral health.

Patient-reported outcomes measurement system. Patients
underwent MRI of the brain or entire spine at either 1.5T or
3.0T with and without contrast within 1 month of initial pre-
sentation. MRI was repeated as clinically indicated within
a year of symptom onset. Patients underwent EMG and nerve
conduction studies (NCS) according to Kimura standard tech-
niques, with a Teca Synergy N-EP system (CareFusion, San
Diego, CA). Sensory and motor NCS were analyzed based
on age-matched reference values.'” Initial EMG/NCS was
performed within 2 months of presentation. EMG/NCS was
repeated within a year of symptom onset, in patients with
limited improvement, to assess for persistent electrophysiologic

abnormalities and prognosis.

Standard protocol approvals, registrations, and patient
consents. The Colorado Multiple Institution Review Board
approved this study. Participants of standardized study visits pro-
vided informed consent. Photograph consent was obtained for all
images. Study data were collected and managed using REDCap
electronic data capture tools hosted at the University of Colorado
School of Medicine.'* The study was supported by NTH/NCATS
Colorado CTSA grant UL1 TR001082.

Statistical analysis was conducted with SAS (SAS Institute,
Cary, NC) software, version 9.4. A Kaplan-Meier time-to-event
analysis of the entire 12-patient cohort was conducted with com-
plete clinical resolution of deficits as the endpoint and patients
lost to follow-up censored at the time of last documented contact.
The remainder of the outcome analysis was conducted with the 8
patients who participated in standardized follow-up. Spaghetti
plots were generated for outcome scales to display change over
time by participant, and change in outcome scales from initial

measurement was also analyzed.

RESULTS Study population. Of the 12 cases of AFM
in the CHCO cluster, 8 consented for standardized
follow-up studies and reached the 1-year study end-
point or had complete clinical resolution of deficits
prior to 1 year (figure 1). Of the 4 children not
consented, 1 was lost to follow-up, 1 was unable to
travel to CHCO, and 2 reported complete resolution
of deficits within 2 months of symptom onset (via
telephone or clinic encounter). A Kaplan-Meier plot
reflecting time to complete recovery of the entire 12-
patient cohort is presented in figure 2.

Motor outcomes. Six of 8 (75%) study patients had
persistent motor or functional deficits at 12 months.
Visually apparent muscle atrophy was observed in 5
of the patients with persistent deficits (figure 3).
One patient had complete clinical resolution of def-
icits by 6 months and another by 9 months.
Individual motor and functional outcomes are
summarized in table 1 and figure 4. Seven of 8
study patients (88%) initially had upper extremity
weakness. All were more affected proximally with
a median of 2/5 strength at onset of symptoms.
Deficits persisted, with a median of 2/5 strength
at 6 months and 2/5 strength at 1 year, with 6 of 7
(86%) still affected. Distal upper extremities were



[ Figure 2 Kaplan-Meier plot of time to neurologic recovery ]
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All 12 patients with acute flaccid myelitis in the Children's Hospital Colorado cluster are
included in this analysis. Two patients were lost to follow-up after initial presentation and
were censored at time 0. One patient who was not enrolled in the study reported full recov-
ery via telephone interview at 1 month and another patient who was not enrolled in the study
was noted to have full functional recovery at follow-up neurologic clinic visit at 2 months.

involved in 6 of 7 (86%) patients initally, with
a median of 4+/5 strength at onset. Only one
patient with distal upper extremity weakness had

persistent distal weakness, 4/5 finger flexion, at 12
months follow-up.

Three of 8 (37%) patients initially had lower
extremity weakness. Two of the 3 patients (67%)
had persistent deficits at 1 year. Both had maximal
weakness of 2/5 and 3/5 strength in the proximal
lower extremities on hip flexion and extension, which
improved to 4/5 and 4+/5 strength at 1 year,
respectively.

Six of 8 (75%) patients had cranial nerve dysfunc-
tion at onset, which included diplopia, facial weak-
ness, and bulbar weakness. All 6 patients showed
improvement and the 2 patients in the original cohort
with cranial nerve deficits had full resolution by
report.

Functional outcomes. Initial objective functional as-
sessments of the upper extremities were performed
on 6 of 8 patients at 3 months, and 2 patients had
their first assessment at the 6-month visit. Five of 8
(63%) had abnormal function of the upper extremi-
ties on initial assessment; 2 showed significant
improvement at 1 year with AHA score changes of 10
and 6 points. The remaining 3 patients (38%)
showed minimal to no functional improvement
across assessments (=5 AHA points).

[ Figure 3 Muscle atrophy of affected limbs in children with acute flaccid myelitis (AFM) ]

(A) Patient 5, 8 months after onset of symptoms with atrophy of the left proximal upper extremity and shoulder girdle. (B)
Patient 11, 11 months after onset of symptoms with atrophy of the proximal left arm and chest. (C) Patient 1, 6 months
after onset of symptoms with inability to raise the affected left arm. (D) Two-year-old patient with AFM 1.5 years after onset
of symptoms in 2013 with persistent asymmetric atrophy of the affected right leg and inability to bear weight.
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[ Table 1 Motor and functional outcomes of children with acute flaccid myelitis over 1 year
Patient 1 Patient 2 Patient 3  Patient 4  Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10 Patient 11 Patient 12
Age, y/sex 7IM 3/M 14/M 13/M 18/M 8/M 10/F 6/F 1/M 15/F 15/M 16/M
Upper extremity
deficits
Location
Most affected Proximal Proximal None Proximal Proximal L arm Proximal R arm None Proximal  Proximal bilateral ~ Proximal L Proximal L Proximal R
limbs L arm R arm bilateral L arm arms arm arm arm
arms
Strength (MRC)
Onset 2/5 2/5 4/5 2/5 1/5 4/5 1/5 4+(5 0/5 4+[5
Six months 2/5 2/5 a a 1/5 2/5 4/5 a 5/5 0/5 a
One year 2/5 2/5 a a 2/5 2/5 4/5 a 5/5 1/5 a
Function (AHA)
Initial 84 77 a a 77 90 100 100 a 100 74 E}
assessment
Final 94 83 a a 78 90 a 75 a
assessment
Lower extremity
deficits
Location
Most affected Proximal Rleg None None None Proximal R leg Proximal L leg None None Proximal bilateral ~ None None Proximal L
limbs legs leg
Strength (MRC)
Onset 2/5 4/5 3/5 2/5 3/5
Six months 4-/5 a a 5/5 4/5 a a
One year 4/5 a a 5/5 4+[5 a a
Function (HS)
Initial 36 64 a a 62 50 66 66 a 66 64 a
assessment
Final 41 a a 52 a a
assessment
Cranial nerve
deficits
Location
Cranial nerves CN VI, XI R CN VII CN VI CN VI Bulbar weakness Bulbar weakness Bilateral CN VII None Bulbar weakness Bulbar None None
affected weakness

Continued



[ Table 1 Continued

Patient 11 Patient 12

Patient 10

Patient 8 Patient 9

Patient 6 Patient 7

Patient 2 Patient 3 Patient 4 Patient 5

Patient 1

Function (clinical
assessment)

Subjective
difficulty

Severe bulbar
weakness,

Severe bulbar Bilateral facial

Horizontal  Severe bulbar
weakness,

diplopia

Horizontal
diplopia

R facial droop at
rest, unable to
fully close eye

Horizontal

Onset

droop, unable to

weakness, NIPPV,
SCM weakness

diplopia, SCM
weakness

swallowing

intubated, NG

feeds

fully close eyes

tracheostomy/
gastrostomy

Subjective
difficulty

R nasolabial fold

flattening

Mild SCM
weakness

Decannulated,
hypophonia

Nasolabial fold a

flattening

Normal vision

Six months

and strength

swallowing

Subjective
difficulty

Normal strength

Mild SCM
weakness

Hypophonia

Nasolabial fold a

flattening

Normal vision

One year

and strength

swallowing

Medical Research Council; NG = nasogastric; NIPPV = noninvasive intermittent positive-pressure ventilation;

Hammersmith Functional Motor Scale; MRC =

Assisting Hand Assessment; HS =

Abbreviations: AHA

SCM = sternocleidomastoid.

2Lost to follow-up.

Objective functional assessments of the lower
extremity were performed on all 8 patients within 6
months after onset of symptoms using the Hammer-
smith Scale. Two of 8 patients (25%) had abnormal
initial assessments with lower extremity functional
deficits that persisted out to 1 year. One patient re-
mained wheelchair-dependent due to asymmetric
flaccid weakness in the proximal lower extremities,
while the other patient had notable gait impairment
with ankle eversion and foot drop on the affected side.

Patient-reported outcomes. Six of 8 patients (75%) self-
reported upper extremity functional deficits at 3 months.
Of those, 4 reported no improvement at 1 year.

Three patients reported functional mobility
impairment at 1 year. Two had objective lower
extremity weakness and functional deficits, while
one had persistent complaints of pain limiting mobil-
ity but normal neurologic examinations and func-
tional assessments.

One of 8 (12%) patients reported symptoms of
fatigue at 3 months, which persisted at 1 year. Although
8 of the initial 12 patients (75%) reported symptoms of
pain at the onset of neurologic symptoms, this was per-
sistent in only 1 of 8 (12%) patients at 3 months, and
persisted in this same patient at 1 year.

Three of 8 patients (37%) reported depressive
symptoms at 3 months with concern for decreased
psychosocial functioning. This persisted in 1
patient at 1 year. Substantial social stigma was
not reported by any patient. Psychosocial chal-
lenges reported included anxiety and depression,
behavioral outbursts, difficulty coping with the
diagnosis, school avoidance, and difficulty func-
tioning at school.

Neuroimaging outcomes. Seven of 8 patients (88%)
had follow-up brain and spine MRI a median of
7.5 months following onset of symptoms. Hyper-
intensities on T2-weighted imaging were noted in all
patients in the spinal cord gray matter or brainstem
on initial imaging. On last follow-up imaging, rang-
ing 5-9 months after presentation, 6 patients (75%)
had complete (n = 1) or near complete (n = 5)
resolution of T2 hyperintensities in the brainstem or
spinal cord. One patient (14%) had no change in
imaging at 8 months after onset of symptoms. Nerve
root enhancement was present in 4 of 8 (50%) pa-
tients on subacute imaging (1 week to 1 month after
onset of symptoms). On follow-up, no new lesions or
volume loss were noted and all areas of enhancement

had resolved.

Electrophysiologic outcomes. Initial EMG/NCS were
performed on 7 study patients a mean of 1.3 months
after onset of symptoms (table e-1 at Neurology.org).
All had normal sensory NCS. Six of 7 (86%) had

normal median and ulnar responses, while 1 patient
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[ Figure 4 Strength and self-reported function of most affected upper and lower extremity in children with acute flaccid myelitis over 1 year ]
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(A) Spaghetti plot of Medical Research Council (MRC) strength score of patients’ most affected upper extremity muscle at onset and 3, 6, and 12 months follow-
up, revealing little to no change in strength in the most affected extremity at 1 year. (B) Spaghetti plot shows Patient-Reported Outcomes Measurement
Information System (PROMIS) scores for upper extremity function at 3, 6, and 12 months follow-up. Mean score is 50 with 1 SD = 10 points. Initially, 6 patients
were greater than 1 SD below the mean. This improved to 3 patients >1 SD below the mean at 1 year. (C) Spaghetti plot shows MRC strength score of patients’
most affected lower extremity muscle at onset and 3, 6, and 12 months follow-up, showing improvement in strength in all 3 patients with lower extremity
weakness. (D) Spaghetti plot shows PROIMS scores for mobility function at 3, 6, and 12 months follow-up. Mean score is 50 with 1 SD = 10 points.
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with arm weakness had reduction in amplitude of
motor responses. Of the 4 patients with lower
extremity weakness who underwent initial EMG/
NCS (1 lost to follow-up), 2 had reduced amplitudes
of tibial motor responses, and 1 had reduced ampli-
tudes of peroneal motor responses. Of the 6 patients
with grade 4+ or lower MRC strength, 5 had
fibrillation potentials in the affected muscles, and all 6
had reduced recruitment of motor unit action po-
tentials (MUAP; table e-2). Fibrillation potentials
were seen in clinically unaffected muscles of 2 pa-
tients with normal MUAP and recruitment. This
corresponded to the spinal cord level of lesions seen
on MRI.

Follow-up EMG/NCS were performed on 4
patients a mean of 10.5 months after onset of symp-
toms. Sensory and motor NCS were normal in all
patients, including normalization of reduced
tibial motor response amplitude in the 1 patient
with an abnormal initial study. One patient had

Neurology 89 July 11, 2017

normalization of neurogenic EMG changes correlating
with normalization of muscle strength at follow-up. In
the remaining 3 patients with moderate persistent
weakness, ongoing denervation with fibrillation poten-
tials and chronic neurogenic changes with reduced
recruitment were seen. No voluntary MUAP were seen
in 2 patients with muscles with MRC grades of 0 and
giant MUAP were seen in 1 patient.

DISCUSSION We report motor, functional, neuro-
diagnostic, and psychosocial outcomes of children with
AFM at 1 year. Though functional improvement was
seen in all patients, recovery was incomplete, with per-
sistent motor and functional deficits in most.

Motor deficits primarily localized to the proximal
upper extremity, specifically C5-C7 myotomes. The
most affected muscles at onset remained severely
affected on neurologic examination and functional
testing. Distal extremity deficits were less severe at
onset and more likely to recover completely. Cranial



nerve deficits were more likely to show recovery,
though mild deficits persisted in most patients at 1
year. Despite functional compensation for some def-
icits, motor deficits on formal testing were persistent
in most patients at 1 year.

In addition to the 12 patients in this cohort, one
additional patient was identified from the fall of
2013 that fit our case definition for AFM and had
EV-D68 identified in a nasopharyngeal specimen.
At onset, he had flaccid weakness (MRC 0/5) in his
proximal and distal right lower extremity. At 18
months following onset of symptoms, he had persis-
tent motor and functional deficits with 3/5 strength
in the proximal lower extremity and significant atro-
phy, and was ambulating with a 2-wheeled walker
(figure 3D). Follow-up MRI at 19 months showed
faint residual T2 hyperintensities in the anterior
horns from T11 through the conus medullaris and
resolved nerve root enhancement. Repeat EMG/
NCS 2 years after onset showed a lack of motor unit
potentials in the affected extremity without ongoing
denervation. This case demonstrates the possibility
of subtle functional improvements up to 2.5 years
after AFM onset as well as the permanence of motor
deficits.

This cohort presented during the 2014 outbreak
of EV-D68 respiratory disease in Colorado, with
the virus identified in the nasopharynx of 5 of 11
(45%) children tested.®'> Case-control analysis and
CDC nationwide epidemiologic data support an asso-
ciation between the increase in AFM cases and EV-
D68.7'¢ EV-D68-associated AFM  has similarities
with and differences from acute flaccid paralysis sec-
ondary to other known viral etiologies, such as polio-
virus, EV-A71, EV-D70, and West Nile virus. These
viruses demonstrate a tropism for motor neurons in
the spinal cord and brainstem motor nuclei consistent
with a virally mediated active infectious neuroinvasive
process.' 72 Unlike EV-A71, cardiopulmonary
failure due to brainstem encephalitis was not seen,
and unlike West Nile virus, supratentorial lesions
and encephalitis were absent in our cohort.'”?' The
high percentage of patients with long-term motor and
functional deficits with profound muscle atrophy in
our cohort mirrors the permanent deficits of other
infectious causes of poliomyelitis.>**'®!* Similar to
West Nile virus acute flaccid paralysis, the patients
and muscle groups with less profound initial weak-
ness showed the greatest strength gains.'® No wors-
ening of motor or functional outcomes was seen after
the subacute period in this cohort, but longer term
assessment is needed to evaluate for a postpoliomyeli-
tis syndrome.*>*

Following identification of this cohort, the CDC
convened a multidisciplinary group of experts to pro-
vide interim recommendations for management of

AFM. The group found insufficient evidence to rec-
ommend corticosteroids, IV immunoglobulin, or
plasmapheresis.** These treatments were variably
administered among our cohort of patients, which
does not allow systematic assessment of response to
treatment. There was no clear correlation with short-
or long-term outcomes with any of these interven-
tions. The lack of observed response to treatment
was also noted in the short-term follow-up of 10
children reported from Salt Lake City, Utah, when
followed to a median of 6 months, as well as in a series
of 59 patients in California followed out to a median
of 9 months.?>*

This study provides important insights into the
ability of diagnostic tools to evaluate recovery in
AFM. Though diagnostic at onset, MRIs were incon-
gruous with clinical findings in subsequent months,
failing to correlate with physical or functional out-
comes. Normalized imaging may lead to underdiag-
nosis of AFM in those who present in the subacute
and chronic phase of illness. Conversely, EMG/
NCS in affected patients showed denervation poten-
tials with severity of neurogenic changes accurately re-
flecting the degree of ongoing weakness. Of note,
follow-up EMG/NCS were performed primarily in
those with persistent severe symptoms, so it is
unknown if the same abnormalities would be noted
in patients who reported resolution or significant
improvement. In contrast to MRI, EMG/NCS may
be a useful tool to evaluate recovery of affected
muscles and warrants further evaluation as a diagnos-
tic tool in late presentations of illness.

AFM had a substantial psychosocial effect in some
patients, particularly in the 3 months following onset
of symptoms. Prior to the onset of illness, 1 patient
had a history of depression, while 4 patients reported
no prior symptoms of depression or anxiety. Informa-
tion was unavailable for the remaining 3. While our
psychologist did identify emotional, coping, and
behavioral difficulties on initial assessments, out-
comes improved over time. At 1 year, depressive
symptoms were minimal, all of our patients had re-
turned to school, and most declined to meet with
our psychologist due to lack of ongoing challenges.
The children and families in our study demonstrated
a high degree of resilience and recovery, despite their
debilitating illness. We recommend screening for psy-
chosocial difficulties following AFM diagnosis to
enable effective support and intervention to promote
positive coping and psychosocial functioning.

This study was limited by cohort size and lack of
follow-up in 4 of 12 original patients. As more
severely and persistently affected patients are
more apt to follow-up, this report likely represents
the more severe end of the spectrum of this disease.
Consistent with this limitation, 2 of the patients
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who did not follow-up reported complete func-
tional recovery. Although trends and associations
between functional and patient-reported outcomes
and diagnostic testing were observed, statistical
analysis was limited by small sample size. Though
validated for similar conditions, the functional
testing measures utilized have not been previously
studied in AFM. The lack of standardized schedule
for follow-up imaging and EMG/NCS limits con-
clusions that can be drawn about their utility in
AFM and warrants further study.

In our cohort of patients with AFM, the physical
and functional deficits were severe and are likely per-
manent. Future studies should investigate tools to
accurately predict the course of this disease and iden-
tify effective treatments to prevent the severe long-
term outcomes observed in this cohort.
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