
Enteroviruses include the coxsackie viruses A and B,
poliovirus, echoviruses and enteroviruses 68 to 71.
These may be the cause of hand-foot-mouth disease
(HFMD) (Coxsackie virus A16, enterovirus 71) (1), her-
pangina (enterovirus 71), hemorrhagic conjunctivitis
(enterovirus 70, Coxsackie virus A24) (2), poliomyelitis
(poliovirus), polio-like paralysis or radiculomyelitis (en-
terovirus 70, enterovirus 71, Coxsackie virus A7 and
A24) (3, 4). 

The HFMD caused by coxsackie virus A16 or coxsack-
ie virus A10 is usually a mild, self-limiting illness that
primarily affects infants and young children and there

are usually no central nervous system (CNS) complica-
tions (5). Yet enterovirus 71 (EV 71) may cause not only
HFMD, but also various neurologic complications such
as aseptic or viral meningitis, encephalitis or polio-like
paralysis (6). Especially, EV 71 meningitis or encephali-
tis can occasionally be fatal (7). 

The non-contrast enhanced MR imaging findings of
EV 71 encephalomyelitis were first published in 1999 by
Shen et al. (8). The MR imaging features such as brain-
stem involvement and an abnormal signal on a T2-
weighted image (WI) were described in this article.
However, to the best of our knowledge, there have been
few reports about the MR features on contrast enhanced
T1-WI and the diffusion weighted image (DWI) of EV 71
encephalitis in infants with HFMD.

We report here on the MR imaging findings of a case
of acute EV 71 encephalitis that involved the brain stem
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We report here on the MR findings of the first Korean case of hand-foot-mouth dis-
ease (HFMD) complicated by acute enterovirus 71 (EV 71) encephalitis in a 33-month
old girl. Conventional MR images of the patient showed the increased signal intensity
(SI) on a T2-weighted image (WI) at the posterior aspect of the medulla, the pontine
tegmen, the bilateral dentate nuclei of the cerebellum and the midbrain. There was no
evidence of abnormal SI or contrast enhancement at the same areas of the brain on the
pre- and post-contrast T1-WI. The diffusion weighted images (DWI) also revealed the
bilateral symmetrical strong high SI at the posterior aspect of the medulla and pontine
tegmen and there was low SI at the same areas on the apparent diffusion coefficient
(ADC) map. DWI in addition to the conventional MR imaging may be helpful for the
early detection of acute EV 71 encephalitis in a patient with HFMD.
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in a 33-month old girl with HFMD.

Case Report

A 33-month old girl was admitted for general weak-
ness. On the physical examination, she was febrile,
anorexia and she had the skin manifestations of erythe-
matous vesicles on both hands, elbows, feet and knees,
and ulcers on her lips and tongue. She was diagnosed
with HFMD. A neurologic examination revealed
drowsiness, lethargy, right lower extremity weakness
(grade II) and sensory loss of both lower extremities
(right: grade I-II, left: grade III-IV). These neurologic
symptoms were suspected to be caused by CNS involve-
ment due to encephalitis, yet she didn’t show
meningism, cranial nerve (CN) palsies, disturbance of
ocular movement or cardiopulmonary complications.
The cerebral spinal fluid (CSF) study on the day of ad-

mission showed 193 WBCs/uL, a protein level of 25
mg/dL and a glucose level of of 75 mg/dL. The CSF poly-
merase chain reaction (PCR) corresponding to en-
terovirus 71 ribonucleic acid (RNA) was positive. 

On the day of admission, MR images were obtained
with a 1.5T MR machine (Siemens 1.5 T, Sonata,
Germany). The T1-weighted spin-echo sequences (the
repetition time msec/echo time msec was 486/7.7), the
T2-weighted spin-echo sequences (4770/108) and the T1-
weighted gadolinium-enhanced spin-echo sequences
(425/17.0) were obtained. The gadolinium-enhanced
spin-echo sequences were obtained after the administra-
tion of 0.2 mL/kg (1 mmol gadolinium per kilogram)
gadobutrol (Gadovist; Schering, Weesp, the
Netherlands). Diffusion-weighted imaging was per-
formed by obtaining the single-shot spin-echo echo-pla-
nar sequences (4500/99) with a b value of 2000 sec/mm2.
The section thickness of all the sequences was 5 mm

Byung-Sa Park, et al : MR Imaging Features of Acute Enterovirus 71 Encephalitis in a Patient with Hand-Foot-Mouth Disease

─ 114─

A B

Fig. 1. A. The T2-weighted MR image
reveals two symmetrical foci with fo-
cal high signal intensity (SI) at the pos-
terior aspect of the medulla (arrows).
B-D. The T2-weighted MR images of
the brain stem level show bilateral
multifocal foci with patchy increased
SI (arrows) at the bilateral dentate nu-
clei of the cerebellum (B), the posterior
aspect of the pons (C) and the mid-
brain (D).
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with an intersection gap of 1.0 mm. The brain MR im-
ages revealed increased signal intensity (SI) on the T2-
WI at the posterior aspect of the medulla, the pontine
tegmen, the bilateral dentate nuclei of the cerebellum
and the midbrain. DWI also showed increased SI at the
posterior aspect of the medulla and pontine tegmen, and
there was low SI at the same areas on the apparent dif-
fusion coefficient (ADC) map. She was initially treated
with hydration. Three days after admission, the fever
was subsided and her mental state was alert. Although
she is slowly getting better through rehabilitation for a
month, her right lower extremity weakness has not yet
fully recovered and she can’t stand up without assis-
tance. Yet the sensations of both lower extremities were
fully regained.

Discussion

Wu-Chung Shen et al. (8) reported that the typical lo-
cations of EV 71 encephalomyelitis were in the posterior
aspects of the medulla and pons, the central portion of
the midbrain, the bilateral dentate nuclei of the cerebel-
lum and the bilateral ventral horns of the cervical spinal
cord. The MR images of our case also revealed high SI
on the T2-WI at the posterior aspect of the medulla, the
bilateral dentate nuclei of the cerebellum, the pontine
tegmen and the midbrain (Fig. 1). However, the reason
why EV 71 encephalitis has its characteristic locations of
CNS involvement is still unknown.

As we know, there are the dorsal nuclei of CN X, the
medial longitudinal fasciculus, the reticular formation
and the nuclei of the solitary tract in the posterior aspect
of the medulla, the nuclei of CN VI, VII and IX in the
posterior aspect of the pons, and the red nuclei, the sub-
stantia nigra and the nuclei of CN III and IV in the mid-
brain. Therefore, EV 71 encephalitis with brainstem in-
volvement can cause various and even serious CNS
complications such as lethargy, CN palsies, conjugated
disturbance of ocular movement, dyspnea and tachycar-
dia (8). In our case, there were also CNS complications
such as drowsiness, lethargy and ataxia due to the acute
EV 71 encephalitis. It is important that the locations in-
volved by EV 71 encephalitis should be accurately de-
tected early through the initial MR imaging. This may
help predict the cardiopulmonary complications and an
improved clinical outcome. 

In our case, there was no significant abnormal signal
or enhancement on the pre- and post-contrast T1-WI
(Fig. 2A) at the areas that showed high SI on T2-WI. This
means the lesions were spots of acute inflammation of
brain tissue without tissue destruction or the degrada-
tion of the blood-brain barrier. If the follow-up MR im-
ages obtained later disclose low SI on the T1-WI and
high SI on the T2-WI, then the brain tissues will reflect
tissue destruction and irreversible damage (8). 

In addition to the conventional MR images, the DWI
and ADC map were obtained in our case. DWI showed
high SI at the posterior aspect of the medulla (Fig. 2B)
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Fig. 2. A. The T1-weighted MR image reveals no significant signal change at the posterior aspect of the medulla, and two symmetri-
cal foci with focal high signal intensity (SI) (Fig. 1A) are seen on the T2-weightd image. 
B, C. The diffusion weighted image (DWI) (B) shows symmetrical strong high SI lesions at the posterior aspect of the medulla (ar-
rows) with low SI on the ADC map (C) at the same areas (arrows). The DWI features reflect the reduced diffusivity and cytotoxic
edema.



and the pontine tegmen, and the ADC map revealed low
SI at the same areas (Fig. 2C). At the acute stage, these
diffusion weighted MR features represent reduced diffu-
sivity and cytotoxic edema. On the other hand, these
MR findings on DWI and an ADC map may be associat-
ed with clinical outcome like that for herpes simplex en-
cephalitis. Sener RN (9) reported that during the acute
stage of herpes simplex encephalitis, the diffusion MR
imaging findings that reflect cytotoxic edema may be
characterized by severe tissue damage and this is associ-
ated with a poor clinical outcome. More cases should be
studied on a case by case basis to determine whether or
not the diffusion MR imaging findings that reflect cy-
totoxic edema can be a prognostic factor for EV 71 en-
cephalitis in the acute stage.

In addition to conventional MR imaging, DWI may be
helpful for the early detection of acute EV 71 encephali-
tis in a patient with HFMD. 
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수족구병에서합병된장바이러스 71에의한급성뇌염의

자기공명영상소견1

1대전을지대학병원 영상의학과

박병사∙유인규∙이병희

본 연구는 수족구병을 앓고 있는 33개월 된 여아에서 장바이러스 71에 의한 감염으로 합병된 급성 뇌염의 자기공

명영상 소견을 우리나라 최초로 보고한다. 자기공명영상의 T2 강조영상에서 연수와 뇌교의 후방부, 양측 소뇌 치상

핵, 그리고 중뇌에 고신호가 나타났고, T1 강조영상에서는 신호 변화가 보이지 않았으며, 조영 증강은 관찰되지 않

았다. 또한, 동시에 시행한 확산강조영상에서 연수와 뇌교의 후방부에 뚜렷한 고신호가 관찰되었으며, 겉보기확산계

수(apparent diffusion coefficient, 이하 ADC) map에서는 저신호로 보였다. 자기공명영상에 추가로 시행하는

확산강조영상은 수족구병에서 합병된 장바이러스 71에 의한 급성 뇌염의 이환 부위 평가에 도움을 줄 것이다. 


