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ABSTRACT

BACKGROUND AND PURPOSE: Enterovirus D68 was responsible for widespread outbreaks of respiratory illness throughout the United States in
August and September 2014. During this time, several patients presented to our institution with acute flaccid paralysis and cranial nerve dysfunction. The
purpose of this report is to describe the unique imaging findings of this neurologic syndrome occurring during an enterovirus D68 outbreak.

MATERIALS AND METHODS: Patients meeting a specific case definition of acute flaccid paralysis and/or cranial nerve dysfunction and
presenting to our institution during the study period were included. All patients underwent routine MR imaging of the brain and/or spinal
cord, including multiplanar T1, T2, and contrast-enhanced T1-weighted imaging.

RESULTS: Eleven patients met the inclusion criteria and underwent MR imaging of the brain and/or spinal cord. Nine patients presented
with brain stem lesions, most commonly involving the pontine tegmentum, with bilateral facial nerve enhancement in 1 patient. Ten
patients had longitudinally extensive spinal cord lesions; those imaged acutely demonstrated involvement of the entire central gray
matter, and those imaged subacutely showed lesions restricted to the anterior horn cells. Ventral cauda equina nerve roots enhanced in
4 patients, and ventral cervical nerve roots enhanced in 3, both only in the subacute setting.

CONCLUSIONS: Patients presenting with acute flaccid paralysis and/or cranial nerve dysfunction during the recent enterovirus D68
outbreak demonstrate unique imaging findings characterized by brain stem and gray matter spinal cord lesions, similar to the neuroimaging
findings described in previous outbreaks of viral myelitis such as enterovirus 71 and poliomyelitis.

ABBREVIATIONS: AFP � acute flaccid paralysis; EV-D68 � enterovirus D68; EV-71 � enterovirus 71

Human enteroviruses are ubiquitous pathogens throughout

the world and cause a variety of disease states, including re-

spiratory infections, herpangina, hand-foot-and-mouth disease,

and aseptic meningitis. Enterovirus D68 (EV-D68), first identi-

fied in California in 1962,1 has been described primarily as a cause

of respiratory illness.2,3 More recently, however, rare cases of CNS

disease have been attributed to EV-D68.4,5

In August and September 2014, EV-D68 was responsible for

widespread outbreaks of respiratory disease throughout the

United States.6 Against this backdrop, Children’s Hospital Colo-

rado noted an unusual number of cases of acute flaccid paralysis

(AFP) and cranial nerve dysfunction following a febrile upper

respiratory illness. This association led the Centers for Disease

Control and Prevention to issue a national Health Advisory,7 and

it was subsequently described in the Morbidity and Mortality

Weekly Report.8

Enteroviruses have been associated with neurologic syn-

dromes previously, most notably enterovirus 71 (EV-71). EV-71

most commonly presents with nonneurologic manifestations but

has been associated with multiple outbreaks of AFP and brain

stem encephalitis throughout the world.9-15 MR imaging in af-

fected patients typically reveals a rhombencephalitis affecting the

dorsal pons and medulla, and a radiculomyelitis with a predilec-

tion for the anterior horn cells of the spinal cord and ventral nerve

roots, findings that have also been described in poliomyelitis.16-19

Although EV-D68 has not been proved as the causative agent in

this cluster, these cases demonstrate distinctive imaging features

that are very similar to the neuroimaging presentation of both

EV-71 and poliovirus.
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We present an imaging-based report

describing in detail the MR imaging

findings of neurologic diseases associ-

ated with an EV-D68 outbreak.

MATERIALS AND METHODS
Patients
Patients who presented to our institu-

tion from August 1, 2014, to October 1,

2014, with symptoms of AFP and/or cra-

nial nerve dysfunction and with lesions

in the brain stem or spinal cord gray

matter on MR imaging were included.

MR Imaging
Imaging was performed on a 1.5T or 3T

Ingenia (Philips Healthcare, Best, the

Netherlands) or a 1.5T Avanto unit (Sie-

mens, Erlangen, Germany). Ten of 11

patients underwent MR imaging of the

brain, 7 had MR imaging of the entire

spine, 2 had MR imaging of the cervical

and thoracic spine only, and 1 had MR

imaging of the cervical spine only. One

patient did not undergo dedicated spine

imaging. Parameters and specific se-

quences of various MR imaging brain

examinations were variable, though

each patient underwent isometric 3D

T1-weighted gradient-echo imaging be-

FIG 1. Noncontrast FLAIR images through the dorsal pons demonstrate a variety of types of T2
hyperintensity. A, In patient 4, T2 hyperintensity in the dorsal pons (arrow) extends into the
dentate nuclei. B, In patient 2, more focal and intense T2 signal is localized in the dorsal pons
(arrow). C, In patient 6, ill-defined and less intense signal in the dorsal pons extends to the dentate
nuclei (arrow). D, In patient 10, more focal and T2 hyperintensity is seen within the dorsal pons
(arrow).

FIG 2. Atypical appearance of CNS disease includes T2 hyperintensity localized to the substantia nigra in patient 3 (white arrows, A and B ). In
patient 7, the facial nerves abnormally enhance bilaterally (white arrows, C) and the left ventral pons has an atypical T2 hyperintense focus (black
arrow, D). There is also more ill-defined hyperintensity in the dorsal pons (white arrow, D).
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fore and after intravenous administration of gadobenate dimeglu-

mine (TR, 8.19 – 8.79 ms; TE, 3.77– 4.60 ms; NEX, 1; section

thickness, 1 mm), axial T2-weighted FSE (TR, 3500 –10,000 ms;

TE, 80 –110 ms; NEX, 1 or 2; section thickness, 2– 4 mm), FLAIR

imaging (TR, 4800 –11,000 ms; TE, 125–330 ms; NEX, 2; section

thickness, 1 or 4 mm), and axial gradient echo T2*-weighted im-

aging (TR, 550 –900 ms; TE, 23–26 ms; flip angle, 18°-20°; NEX, 1

or 2; section thickness, 4 or 5 mm), or SWI (TR, 18.36 –19.34 ms;

TE, 25–27 ms; NEX, 1; section thickness, 2 mm). Spinal imaging

included precontrast axial and sagittal spin-echo T1-weighted

(TR, 450 – 650 ms; TE, 8 –10 ms; NEX, 2 or 3; section thickness, 3

mm), T2-weighted (TR, 3000 –3500 ms; TE, 100 –120 ms; NEX, 2

or 3; section thickness, 3 mm), and contrast-enhanced axial and

sagittal T1-weighted images. All scans were reviewed indepen-

dently by 3 fellowship-trained pediatric neuroradiologists.

RESULTS
Clinical Findings
Eleven patients met the inclusion criteria. The patient demo-

graphics, presenting symptoms, vaccination history, diagnostic

work-up, and clinical course have been detailed elsewhere (K.M.

et al, unpublished data, 2014) and are summarized in the On-line

Table. Briefly, patients presented with neurologic symptoms fol-

lowing a febrile upper respiratory illness, including limb weakness

in 8 patients and cranial nerve dysfunction in 9. Involved cranial

nerves were VI, VII, IX, X, XI, and XII.

Eight patients tested positive for rhinovirus/enterovirus in the

nasopharynx, 4 of which were subtyped as EV-D68 (On-line Ta-

ble). Findings of enteroviral polymerase chain reaction of the CSF

were negative in all patients. Testing for West Nile virus and other

arboviruses, herpes viruses, Mycoplasma pneumoniae, parechovi-

ruses, and poliovirus was also negative.

Imaging Findings
On MR imaging, lesions were identified in the brain stem in 9

patients. The pontine tegmentum was the most common site of

brain stem involvement, showing increased T2 signal in 8 cases

(Fig 1). A ventral pontine lesion in a ninth case was associated

with bilateral facial nerve enhancement (patient 7, Fig 2). Lesions

were identified in the midbrain in 2 cases, including the bilateral

substantia nigra in 1 case (patient 3, Fig 2), and in the medulla in

5 cases. The dentate nuclei were abnormally T2 hyperintense in 2

cases. No supratentorial lesions were identified.

Ten patients had spinal cord lesions involving the central gray

matter (On-line Table and Figs 3 and 4). The spinal cord lesions

consisted of either ill-defined, nonenhancing T2 hyperintensity

throughout the entire central spinal cord gray matter (Fig 3A–C)

or a more well-defined T2 hyperintensity confined to the anterior

horn cells (Fig 3D, -E). A single patient, patient 1, underwent both

acute (day 3) and subacute (day 38) imaging. In this case, the

pattern of spinal cord T2 hyperintensity evolved from diffuse cen-

tral gray matter involvement acutely to an anterior horn cell pat-

tern in the subacute phase (Fig 4). The cases with ill-defined dif-

fuse central gray matter involvement were all imaged earlier than

cases with well-defined anterior horn cell signal abnormality (me-

dian of 3 days after symptom onset versus 27.5 days, with no

overlap between groups). Cord lesions uniformly affected the cer-

vical spine, with decreasing involvement inferiorly. In 4 cases, the

lesions extended the entire length of the cord, from the cervi-

comedullary junction to the conus medullaris (Fig 4). All brain

and spinal cord lesions were nonenhancing.

Ventral cauda equina nerve root enhancement occurred in 4

patients (Fig 4), though only 3 had clinical findings of lower ex-

tremity weakness. Cervical nerve root enhancement at the levels

of spinal cord gray matter T2 hyperintensity and clinical weakness

was also detected in 3 patients. Those cases with nerve root en-

hancement were imaged later than those without (median of 27.5

days after neurologic symptom onset versus 3 days after symptom

onset, with no overlap between groups).

DISCUSSION
Rhombencephalitis and AFP have been reported as uncommon

complications of EV-71 infections.9-15 Multiple case series have

described MR imaging findings in cases of EV-71 neurologic

disease, including nonenhancing dorsal brain stem T2 hyper-

intensity,9,11,15,20-25 long-segment T2 hyperintensity of spinal

FIG 3. A–C, In Patient 2 scanned at 2 days, the central cord hyperin-
tensity is more ill-defined and involves the entire central gray matter
(black arrows, A; white arrow, B). Nerve roots do not enhance (white
arrows, C). D–F, Patient 8, scanned at 25 days, demonstrates T2 hy-
perintensity confined to the anterior horn cells asymmetric to the left
(black arrow, D; white arrow, E) and nerve root enhancement (white
arrows, F).
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cord anterior horn cells,11,15,20,23,25,26 nerve root enhance-

ment,11,15,20-22,25 enhancement of anterior horn cells or brain

stem,11,15,20,24 and substantia nigra involvement.11 Similarly, sev-

eral case reports of MR imaging findings in poliomyelitis have also

described dorsal brain stem T2 hyperintensity,16 anterior horn

cell T2 hyperintensity,17-19,27,28 anterior horn cell enhance-

ment,19 and substantia nigra T2 hyperintensity.16,17,29 Some pub-

lished cases of AFP caused by West Nile virus have also reported

comparable imaging findings of anterior horn–predominant spi-

nal cord lesions and ventral nerve root enhancement.30,31 The

similarity of the MR imaging findings in this case series to these

past reports of virally mediated myelitis suggests a similar direct

viral pathogenic effect.

The brain stem was abnormal in most patients in our series,

and all of these patients presented with symptoms of cranial nerve

dysfunction (Fig 1 and On-line Table). This pattern of clinical

involvement in EV-71 neurologic disease has often been de-

scribed as brain stem encephalitis or rhombencephali-

tis.9,11,15,20-25 Almost all patients presented with cervical spinal

cord T2 hyperintensities, and 9 reported weakness of �1 extrem-

ity (Fig 3 and On-line Table). This clinical and imaging pattern

has been described as AFP in prior case series of EV-71 neurologic

disease.11,15,20,23,25,26

As mentioned, imaging performed shortly after the onset of

CNS symptoms referable to the spinal cord usually demonstrated

ill-defined signal abnormality involving the entire central spinal

cord gray matter (Fig 3A–C), while the few patients who were

imaged subacutely showed more well-defined signal abnormality

confined to the anterior horn cells (Fig 3D, -E). We speculate that

this difference reflects maturation of the disease process, possibly

indicating permanent damage, which has been described previ-

ously in EV-71 infection.23

Other patients with less stereotyped findings include a single

patient with diplopia and cranial nerve VI palsies with bilateral

substantia nigra T2 hyperintensities (patient 3, Fig 2), which has

been described more frequently in poliomyelitis.16,17,29 Imaging

FIG 4. A–D, Acute imaging performed at 2–3 days in patient 1 demonstrates T2 hyperintensity in the right dorsal pons (white arrow, A) and more
ill-defined central gray matter hyperintensity seen more commonly in the acute phase (white arrows, B and C; black arrows, D). E–I, Subacute
imaging of the spine performed in the same patient at 38 days demonstrates contraction of the cord T2 hyperintensity to focally involve the
anterior horn cells (black arrows, E; white arrows, F and H) and nerve root enhancement of ventral cervical roots (white arrows, G) and the cauda
equina (white arrows, I).
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of another patient who presented with bilateral facial nerve palsies

revealed a small, nonenhancing ventral pons lesion and bilateral

facial nerve enhancement (patient 7, Fig 2). Although facial nerve

palsies are frequently reported in EV-71 infections,24 to our

knowledge, this is the first report of both facial nerve enhance-

ment and a unilateral ventral pontine lesion in the context of

suspected enteroviral CNS disease.

Similar to the cases in our cluster, spinal nerve root enhance-

ment has been previously described in cases of EV-71 neurologic

disease.11,15,20-22,25 Nerve root enhancement is thought to result

from either breakdown of the blood-nerve endothelial barrier32

or radicular vein enhancement.33 In the case of EV-71 neurologic

disease and the current series, possible etiologies could include

direct viral infection, inflammation related to Wallerian degener-

ation from anterior horn cell damage, or a postinfectious autoim-

mune inflammatory process, as is suspected in Guillain-Barre–

related enhancement.34

Several imaging features argue against alternative, noninfec-

tious differential diagnoses. None of these patients presented with

supratentorial lesions, as are frequently seen in acute dissemi-

nated encephalomyelitis.35 The restriction of involvement to the

central gray matter in our series is not typical of the imaging or

clinical findings of idiopathic acute transverse myelitis (admit-

tedly a diagnosis of exclusion), which is typically described as

central, extensive spinal cord T2 hyperintensity, swelling, and le-

sion enhancement.36,37 Nerve root enhancement is also not typi-

cal of either acute disseminated encephalomyelitis or transverse

myelitis. While Guillain-Barre syndrome is characterized by nerve

root enhancement, cord and brain stem lesions are not typical

features.34

Details on treatment of this cohort are described elsewhere

(K.M. et al, unpublished data, 2014). To date, most of these pa-

tients have residual deficits. Long-term outcomes are unknown.

Continued radiographic and neurologic follow-up will be critical

to our understanding of the course of this condition.

CONCLUSIONS
This series of children presenting with neurologic disease after a

respiratory illness during an EV-D68 outbreak shares a character-

istic pattern of MR imaging findings previously described in past

outbreaks of EV-71 neurologic disease, West Nile virus–associ-

ated AFP, and poliomyelitis. MR imaging findings in this series

include brain stem lesions preferentially involving the pontine

tegmentum, spinal cord lesions of the central gray matter acutely

and anterior horn cells subacutely, and cranial and spinal nerve

root enhancement. The marked similarity of these imaging find-

ings in our cohort of patients to those reported in EV-71, polio-

myelitis, and West Nile virus is very suggestive of a direct viral

effect. Recognition of these findings is critical to aid clinicians as

they consider therapeutic interventions.
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