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Acute Flaccid Paralysis in Infants and Young Children
with Enterovirus 71 Infection: MR Imaging Findings and
Clinical Correlates

Cheng-Yu Chen, Ying-Chao Chang, Chao-Ching Huang, Chun-Chung Lui, Kwo-Wei Lee, and Song-Chei Huang

BACKGROUND AND PURPOSE: Enterovirus 71 (EV71) infection is now considered an
important cause of childhood acute flaccid paralysis. The purpose of our study wasto determine
whether EV71-infection—related acute flaccid paralysisin infants and young children has char -
acteristic MR imaging patterns.

METHODS: Seven infants and young children with acute paralysis of the upper or lower
extremities and positive EV71 cultures underwent spinal MR studies during an outbreak of
hand-foot-and-mouth disease in Taiwan in 1998.

RESULTS: Acute paralysis was observed in one upper extremity in two patients, in one lower
extremity in three patients, and in both lower extremitiesin two patients. None of the patients
had sensory impairment or bulbar palsy. MR studies showed unilateral or bilateral hyperin-
tense lesions in the anterior horn regions of the cord on T2-weighted images in six patients.
No abnormal signal was present in one patient. Two of three patients who received intravenous
injections of contrast material had ventral root enhancement on T1-weighted images. One of
them also had enhancement of the unilateral anterior horn cells. At clinical follow-up, both
patients with bilateral anterior horn abnormalities had residual motor weakness, wher eas only

one of the five patients with unilateral involvement had residual weakness.
CONCLUSION: EV71 radiculomyelitis tends to be unilateral and to specifically involve both
the anterior horn cells of the cord and the ventral roots. MR imaging allows early detection

of spinal cord and root lesions.

Enterovirus 71 (EV71) infection is an emerging ep-
idemic disease associated with acute neurologic
disorders, such as aseptic meningitis, rhomben-
cephalitis, and acute flaccid paralysis (AFP) (1-5).
The recent EV 71 outbreaks in Peninsular Malaysia
and Taiwan affected thousands of young children
(1, 2, 5), who often presented with hand-foot-and-
mouth disease (HFMD) or herpangina. Most of
them had a benign course; however, acute neuro-
logic complications, mostly rhombencephalitis, can
develop in some of these affected children 2 to 4
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days after the onset of HFMD or herpangina (1—
6). The MR imaging characteristics of EV71-relat-
ed brain stem encephalitis have been reported (1,
4). EV71 infections have also been associated with
poliomyelitis-like paralysis in several outbreaks
worldwide since 1975 (1, 7-17), and EV71 is con-
sidered one of the leading causes of AFP now that
poliomyelitis has been nearly eradicated. The MR
characteristics of the spinal cord lesions in patients
with AFP and EV71 infection have not, however,
been described in detail (1, 4). Moreover, because
the AFP caused by EV71 is usually benign com-
pared with that caused by poliovirus, differentiating
EV71-related AFP from AFP due to other causes
might have important epidemiologic and therapeu-
tic implications. Since laboratory confirmation of
EV71 infection by cell culture is not always pos-
sible in the acute stage of the disease, questions
may arise as to whether an MR study can provide
useful information for the differential diagnosis.

We report the characteristic MR findings in sev-
en infants and young children with culture-proved
EV71 radiculomyelitis at acute and convalescent
stages and correlate these findings with neurologic
symptoms and clinical outcome.
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Clinical characteristics, CSF and neuroimaging findings, and outcome in seven young children with enterovirus 71 infection and acute

flaccid paralysis

CSF
Findings

WBC (/mm3)/

Case Sex/Age Protein (mg/dL)/
No. (mo) Clinical Features Glucose (mg/dL) MR Findings EV71 Culture Outcome
1 F/16 Fever, vomiting, lethargy, R lower 33/22/65  Normal Stool Recovered
limb weakness, tachycardia
2 F/18 HFMD, fever, myoclonus, tremor, 83/43/56  Enhancement of L anterior horn re-  Stool Recovered
tachycardia, transient neurogenic gion of cord and ventra root, L2—
bladder, L lower limb weakness L4
3 M/6 HFMD, fever, myoclonus, tremor, 80/49/70 T2 HSlesion in the L anterior horn ~ Stool Recovered
lethargy, tachypnes, tachycardia, L region of cervica cord, C3-C6
arm weakness
4 M/30  Herpangina, vomiting, fever, my- 411/85/64  Contrast enhancement of bilateral Throat, stool  Improved, mild L
oclonus, ataxia, bilateral lower ventral roots and T2 HS lesions in leg weakness
limbs paralysis, transient neurogen- bilateral anterior horns, T8 to
ic bladder conus
5 F/16 HFMD, fever, myoclonus, tremor, R 44/43/60  Long dlit cavitary lesion in the R an-  Stool Improved, mild R
lower limb weakness terior horn of cord from T10 to leg weakness
conus
6 M/5 HFMD, fever, L upper limb weakness 240/82/61 T2 HSlesion in the L anterior horn  Throat Recovered
region of cervical cord, C3-C6
7 M/1 HFMD, fever, bilateral lower limbs NA Bilateral anterior horn T2 HS lesions, Stool Improved with
weakness lumbosacral cord sequelae

Note—HFMD indicates hand-foot-and-mouth disease; AFP, acute flaccid paralysis, EV71, enterovirus 71; HS, high signa intensity; NA, not

available.

M ethods

Patients

From April to December 1998, 51 infants and young children
with culture-proved epidemic EV71 infection and neurologic
complications were treated at our ingitutions. Seven of the pa-
tients (age range, 1-30 months, mean age, 13 months) were en-
rolled for MR study. These patients presented with biphasic pic-
tures of AFP (defined as the acute onset of flaccid limbs and
absent reflexes) following a 2- to 4-day period of prodrome with
fever and/or HFMD or herpangina (small oropharyngeal vesicles
and ulcers that were located chiefly on the anterior tonsllar pillars,
soft palate, uvula, and pharynged wall). Because the remaining
44 patients had primarily signs and symptoms of brain stem en-
cephdlitis, spinal MR imaging was not performed. The spinal MR
studies were obtained during the acute stage in five patients and
during the convalescent stage in two. The short-term outcome and
MR findings in four of the seven patients have been described
esawhere (1). EV71 was isolated from a stool specimen in six
patients and from throat swabs in one. CSF was obtained in six
patients for analysis, and the mean levels (=SD) of white blood
cell counts, protein, and glucose were 149 * 148 cellsmm3, 54
+ 25 mg/dL, and 63 *+ 5 mg/dL, respectively (Table). The meth-
od of EV71 virus isolation has been described previoudy (1). In
short, specimens were inoculated onto monolayers of A549 cells,
green monkey kidney cells, and Vero cells. After replacement of
the maintenance medium, the cells were incubated at 37°C and
inspected daily for vird cytopathic effect. Isolates producing typ-
ical enteroviral cytopathic effects but untypesble with type-spe-
cific antiserum pools were typed by immunofluorescence tech-
nique with EV71 monoclona antibodies 3323 and 3324
(Chemicon International, Temecula, CA). These isolates were fur-
ther confirmed by neutralization test with polyclona antibodies
against EV71.

MR Sudies

MR studies were performed on 1.5-T superconducting mag-
nets. In five patients, MR examinations were performed within

2 days after the onset of AFP; the other two patients had MR
examinations 2 and 7 months, respectively, after ictus. The MR
sequences (depending on the scanners available) consisted of
T1-weighted images with parameters of 600—750/15-20/2—3
(TR/TE/excitations), 3-mm dlice thickness on sagittal images
and 4- to 5-mm dlice thickness on axia images, spin-echo T2-
weighted images (1800—2300/90-103/1, 3-mm slice thickness)
or T2-weighted fast spin-echo images (4000/85-120/1-3, 4-5-
mm slice thickness); and axial gradient-echo T2-weighted im-
ages (600—808/15—-25, 4-5-mm slice thickness, and 20-25° flip
angle). Intravenous gadopentetate dimeglumine was adminis-
tered in three patients.

The spinal segment on which the MR images were localized
was predetermined by the clinically suspected lesion levelsin
the cord. Images were evaluated by three neuroradiologists
with particular attention to the presence or absence of lesions
in the anterior horn cells and roots, and to whether there was
cord compression by the extramedullary mass.

Results

Initial Clinical Findings

Among the seven patients with EV71-related
AFR five had HFMD and one had herpangina. Four
patients (cases 2-5) had mild and transient mani-
festations of brain stem encephalitis—including
myoclonic jerks, tremor, or ataxia—before the on-
set of acute paralysis. The extent of acute paralysis
included unilateral weakness involving the upper or
lower extremities and bilateral weakness in the
lower extremities. Two patients had unilateral arm
paralysis (cases 3 and 6), three had unilateral leg
weakness (cases 1, 2, and 5), and two had bilateral
lower limb paralysis (cases 4 and 7). Two patients
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Fic 1. Unilateral AFP and transient uri-
nary retention in 18-month-old girl with
lumbosacral radiculomyelitis.

A, Contrast-enhanced axial T1-weighted
image (752/15/1) at L1 level shows strong
enhancement of the left ventral root (ar-
rowhead) and mild enhancement of the left
anterior horn cells (arrow) of the sacral
cord.

B, Left anterior horn lesion (arrow) is in-
conspicuous on gradient-echo T2-weight-
ed image (808/18/20).

had transient urinary retention (cases 2 and 4).
None of the patients with AFP had sensory im-
pairment or signs of bulbar palsy.

Spinal MR Findings

The MR findings of EV71 radiculomyelitis and
their correlative clinical characteristics are listed in
the Table (page 201). Two patients (cases 3 and 6)
with unilateral paralysis of the left upper extremity
had hyperintense lesions in the ipsilateral anterior
horn cell regions that extended variously from C3
to C7 on T2-weighted images. A contrast-enhanced
lesion of the anterior horn together with ipsilateral
enhancement of the ventral root of the left lum-
bosacral segment of the spinal cord was seen on
T1-weighted images in one patient with left lower
extremity paresis and transient neurogenic bladder
(case 2) (Fig 1). Another patient (case 4) with
bilateral lower limb weakness had hyperintense le-
sions bilaterally in the anterior horn regions on T2-
weighted images and striking bilateral enhance-
ment of the ventral roots on T1-weighted images
after intravenous injection of gadopentetate dime-
glumine (Fig 2). This patient had persistent bilat-
eral lower limb weakness at follow-up. Residual
bilateral lower limb weakness was noted in the oth-
er patient (case 7) who had bilateral anterior horn
hyperintensity at the lumbosacral cord on T2-
weighted studies obtained during the convalescent
stage. A dlitlike cavity at the anterior horn level in
the right lower thoracic to lumbosacral segment of
the cord was seen in one patient (case 5) (Fig 3)
in whom the first MR study was performed 2
months after acute paralysis. The final patient (case
1) with right leg weakness had norma MR find-
ings. Two of the three patients who had intravenous
administration of gadopentetate dimeglumine (cas-
es 2 and 4) had enhancement of the anterior horn
regions and ventral roots on T1-weighted images;
both these patients had transient neurogenic blad-
der. None of the patients with AFP had enhance-
ment over dorsal roots of the involved spinal cord.
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Patient Outcome

After a mean neurologic follow-up period of 14
months, four patients (cases 1, 2, 3, and 6) made a
complete recovery and three patients (cases 4, 5,
and 7) had improved but were left with mild uni-
lateral motor weakness. Both patients with bilateral
anterior horn involvement had residual motor
weakness, whereas only one of the five patients
with unilateral involvement had residual motor
weakness.

Discussion

EV71 infection was first identified during a small
outbreak in California between 1969 and 1972
(18). Since then, several epidemics of EV71 infec-
tion have occurred around the world (1, 5, 7-17).
Epidemic EV71 infections have been associated
with a variety of neurologic complications, but
most reports have emphasized the findings of brain
stem encephadlitis (1, 4, 8, 10, 11, 14, 16, 17). Spo-
radic cases of AFP have been associated with these
EV71 outbreaks, with varying rates of incidence
reported: 2% of EV 71 encephalomyelitis in an out-
break in Japan (1973) (11), 7.4% in Bulgaria
(1975) (10), 17% in New York (1977) (12), 4% in
Hungary (1978) (8), 9% in the United States
(1985-1989) (16), 58% in Brazil (1988-1990) (17),
and 10% in Taiwan (1998) (1). EV 71 infection will
become one of the important causes of AFP after
the worldwide eradication of poliomyelitis. Both
EV71 and poliovirus infections affect primarily
young children and are clinically similar in their
AFP presentations (1). However, in the Taiwan ep-
idemic (among the population reported here), four
(57%) of the seven patients with AFP had myoc-
lonus and tremor or ataxia, and six (86%) had
HFMD or herpangina, which are rarely seen in po-
liovirus infections. In contrast to poliovirus-related
AFR our patients with EV71-related AFP experi-
enced a good outcome: four (57%) of the seven
patients completely recovered and three (43%)
were left with mild residual weakness at more than
1 year of follow-up.
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Fic 2. Radiculomyelitis causing bilateral AFP and urinary retention.

A, Unenhanced axial T1-weighted image (752/15) shows hypointense lesions (arrowheads) in the anterior horn cells of spinal cord
bilaterally at T11 level.

B, Contrast-enhanced T1-weighted image at the same level as in A shows predominant enhancement of the ventral roots (arrowheads).
The anterior horn cell lesions do not enhance.

C, Contrast-enhanced T1-weighted image at the conus level clearly shows the predominant ventral root enhancement. The slightly
hyperintense dot at the left dorsal root region (arrowhead) is probably due to enhancement of the radicular vein.

D, The anterior horn cell lesions are hyperintense and more conspicuous on gradient-echo T2-weighted image (808/15/20) as com-
pared with T1-weighted image (A).

E, Sagittal fast spin-echo T2-weighted image (2300/103/2) shows the extent of the anterior horn cell lesions (arrowheads) from
midthoracic to conus levels.

Fic 3. Persistent weakness of right lower
limb 2 months after EV71 infection in a 16-
month-old infant.

A, Axial fast spin-echo T2-weighted im-
age (4000/80/3) at lumbosacral cord 2
months after acute paralysis shows a hy-
perintense lesion in the right anterior horn
region (arrow).

B, Sagittal fast spin-echo T2-weighted
image shows a long-segment hyperintense
lesion (arrowheads) extending from the
lower thoracic to the lumbosacral levels.
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A histologic diagnosis of the causes of AFP is
usually not possible in self-limited and reversible
cases. In Malaysia's outbreak, four autopsy cases
showed widespread inflammation in the brain stem
and spinal cord, mainly in the gray matter (4). The
inflammatory changes included perivascular cuff-
ing, predominantly by mononuclear cells, neuronal
degeneration and necrosis with neuronophagia; and
the presence of conspicuous microglia nodules.
Similar pathologic findings were also observed in
two autopsy cases in Taiwan's epidemic (1, 5). Vi-
ral cultures were obtained from the specimens of
spinal cord, suggesting direct invasion of EV71
into the spinal cord as the cause of AFP.

The T2 hyperintense lesions in the regions of the
anterior horn cell of the spinal cord (mostly uni-
lateral in location) explain the poliomyelitis-like
paralysis in our patients. In two cases, the anterior
horn lesions were accompanied by ventral root en-
hancement on T1-weighted MR images after intra-
venous contrast administration (Fig 3). The ventral
root enhancement is in keeping with clinical find-
ings of transient urinary retention. Moreover, none
of our patients had sensory impairment, which co-
incided with the observation that none had dorsal
root enhancement on MR studies. Such findings
have not been described previously.

Our study suggests that the extent of MR find-
ings in EV71-related AFP is linked to neurologic
outcome. Four of the five patients with AFP and
unilateral spinal cord involvement recovered com-
pletely, and only one was left with mild unilateral
limb weakness. Both patients with AFP and bilat-
era anterior horn involvement had residual motor
weakness. The complete recovery in four of our
seven patients with AFP suggests that the anterior
horn lesions are reversible in mild cases. In severe
cases, the anterior horn lesions may undergo cavi-
tary changes, as in one of our patients in whom
ditlike cavitation was seen in the right anterior
horn region of the lower thoracic and lumbosacral
cord. These diverse clinical outcomes in patients
with AFP are similar to those seen in patients with
brain stem encephalitis (1, 4). Although EV71 has
been isolated from the spinal cord in fatal cases, it
remains unclear whether AFP in those patients who
recovered was due to direct viral invasion of the
cord or to demyelination caused by postinfectious
immunologic reactions. Further study is needed to
elucidate the causes of AFP in children with dif-
fering outcomes.

AFP could be caused by a variety of viruses,
including poliovirus, coxsackievirus, Japanese en-
cephalitis virus, echovirus, or enterovirus (19, 20).
The tendency for brain stem and spinal cord in-
volvement, the clinical biphasic picture, and the
MR findings in poliomyelitis are all indistinguish-
able from those in EV71 infection. MR findings of
symmetrical hyperintensity of the anterior horn
cells of the spinal cord due to poliomyelitis have
been described (21); however, unilateral anterior
horn hyperintensity and contrast-enhanced motor
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roots, seen in our cases, have not been previousy
reported in cases of poliomyelitis. Thus, AFP rad-
iculomyelitis is potentially distinguishable from po-
liomyelitis by the MR characteristics of unilateral
cord involvement and root enhancement. The sin-
gle published account of patients with Japanese en-
cephalitis and AFP reported a tendency for unilat-
eral cord involvement in older children (19). No
imaging study was done in that series, even though
electrophysiological results suggested the presence
of anterior horn involvement. The MR findings of
anterior spinal root enhancement in our patients
with bilateral lower extremity weakness and uri-
nary retention may suggest Guillain-Barré syn-
drome (acute demyelinating polyradiculopathy)
(22). It has not been suggested that the combination
of anterior horn lesions and ventral spinal root en-
hancement, as seen in our patients with AFP and
EV71 infection, is related to this syndrome (23).
The negative MR result found in one patient
(case 1) with acute right leg weakness who made
a complete recovery could be explained by mild
cord involvement by EV71. Similar results in
EV 71 rhombencephalitis, in which obvious clinical
manifestations of rhombencephalitis were accom-
panied by negative MR imaging findings, were ob-
served in Taiwan's outbreak (1, 4). A negative MR
result may be a good predictor of better recovery in
both EV71 rhombencephalitis and radiculomyelitis.

Conclusion

EV 71 radiculomyelitis tends to be unilateral and
to specifically involve anterior horn regions of the
cord and ventral roots. The clinical manifestation
of AFP is most likely reversible if it is unilateral.
Patients with bilateral AFP and documented bilat-
eral anterior horn lesions may have a less favorable
outcome. EV71 infection should be suspected in
young children with epidemic HFMD or herpan-
gina complicated by neurologic signs of AFP in the
limbs. MR imaging is particularly useful in the ear-
ly detection of spinal cord and root lesions and
should be helpful in excluding other surgically
treatable causes of acute limb paralysisin children.
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