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1. The presence of nystagmus differentiates a high cervical cord and a

TE

brainstem lesion in a quadriplegic patient.

2. Upbeat nystagmus commonly occurs due to lesion involving bilateral
antero-medial medulla.

C
EP

3. In MMS, brain MRI with diffusion-weighted imaging (DWI) is crucial to
visualize the hyper-acute changes of ischemia.

Oy-ster

C

1. Bilateral MMS due to vascular occlusion can rarely occur in very young
patients without atherosclerosis risk factors, and the diagnosis should not be

A

missed.

2. Early ischemic changes at the paramedian region of the bilateral medulla,
in the brain imaging, might wrongly be interpreted as a midline artifact by
untrained eyes.
3. Neurologist and radiologist should be alert of the characteristic MRI
features of “heart appearance” in patients presenting with bilateral medial
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medullary infarction, and neuroimaging should be repeated in highly
suspicious cases.

Case presentation
A 13-year old girl, without prior illness, presented with an abrupt onset of

D

severe neck pain and occipital headache while resting, followed by bilateral

TE

upper extremity numbness, which progressed to bilateral lower extremity

numbness within a few minutes. Half an hour afterward, she rapidly
developed quadriplegia and breathlessness. She was immediately brought to

C
EP

the hospital.

She did not complain of any spinning sensation, vomiting, dysphagia, or
double vision during the event. There was no history of fever, trauma, or
cardiac symptoms. She also had no history of antecedent infection, or
vaccination, or drug abuse, or any family history of young stroke.

C

On examination, she was drowsy, with normal blood pressure and pulse rate.
She had weak neck movements and was quadriplegic, with muscle strength

A

of MRC grade 0/5, hypotonia, and areflexia in all her extremities. The plantar
reflexes were absent bilaterally. The sensory level was not able to be
determined as the patient was unable to cooperate during the examination.
The extraocular muscle movements were intact in all directions, but upbeat
nystagmus, which was aggravated upon upward gaze, was noted (Video
1.mov). No bruit was heard over the neck vessels. Cardio-vascular and other
system examinations were unremarkable.
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The patient was immediately intubated due to respiratory failure and right lung
collapse. The right lung collapse occurred as a result of respiratory muscle
weakness in quadriplegia, in combination with hypoxia and drowsiness which
further lead to aspiration pneumonia and accumulation of mucous plug within
the airway.

D

Emergent brain computed tomography (CT) scan was unremarkable. The
results of the brain and cervical spine magnetic resonance imaging (MRI),

TE

which was performed within 4.5- 6h of onset, but without a diffusion-weighted
imaging (DWI) sequence, were also reported as normal. No contrast
enhancement was seen after gadolinium. Magnetic resonance angiography

C
EP

(MRA) of bilateral carotid, vertebro-basilar arteries, and its branches showed
normal vasculature.

A nerve conduction study, performed to rule out Guillain Barre Syndrome, was
also normal. Cerebrospinal fluid (CSF) was acellular, with normal protein and
glucose content. CSF screening for infections was negative. She was treated

C

with intravenous methylprednisolone (1 g) daily for 5 days, in view of the
differential diagnoses of immune-mediated brainstem encephalitis with acute

A

transverse myelitis. However, there was no clinical improvement noted.
As the diagnosis was not well established, brain and cervical MRI was
repeated on day 5 of the illness, in view of the possibility of vascular occlusion
evidenced by a very sudden and abrupt onset of clinical presentation. The
MRI showed features of bilateral medial medullary infarction that extended
down to the C5 cervical cord (Figure 1A). DWI sequence showed
hyperintense lesion (Figure 1B) with hypo-intensity on apparent diffusion
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coefficient (ADC), consistent with restricted diffusion within the medulla with
the characteristic “heart appearance” sign. It was also hypointense on T1weighted, and hyperintense on T2-weighted and FLAIR (Figure 1C) images.
The axial T2-weighted MRI of the cervical cord showed that the abnormalities
were confined to the anterior part of the cord, which is compatible with

D

anterior spinal artery infarction (Figure 1D). Both MRA and CT angiography
were repeated and showed a normal intra-cranial and extra-cranial vascular

Screening

tests

for

underlying

TE

system. The cervical spine and intervertebral discs appeared normal.
thrombophilia,

vasculitis,

autoimmune

diseases, and anti-phospholipid syndrome were negative. Aquaporin-4

C
EP

antibody was not tested due to the normal CSF results, as well as the MRI
findings of ischemic areas following the vascular distribution of the anterior
spinal artery, rather than acute transverse myelitis. Urine toxicology was not
performed as there was no history of drug abuse. No abnormalities were seen
on the electrocardiogram, 24h cardiac rhythm monitoring, or echocardiogram.

C

Dabigatran was started because the full cardiac workup was not yet
completed. After 3 months of rehabilitation, the muscle power improved to

A

MRC grade 2/5, but with a modified Rankin Score (mRS) of 5. She was
discharged with continued rehabilitation in an outpatient unit.

Discussion
Our patient presented with abrupt onset of neck pain, quadriplegia, sensory
loss, and respiratory failure, which usually indicates a complete high cervical
cord transection or vascular pathology involving the brainstem, such as in
Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited
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acute vascular dissection. The brain and cervical spine MRI were immediately
performed, but the DWI which could show early changes of an infarct, was
missed in the imaging sequence. Spontaneous vessel occlusion leading to
ischemia or infarction was not emphasized early, because of the patient’s very
young age of onset with the absence of common risk factors for stroke.

D

In this case, the finding of nystagmus in a quadriplegic patient helps to
localize the lesion to the brainstem instead of being a purely cervical cord

TE

disease. In a medulla oblongata lesion, horizontal gaze-evoked nystagmus is
commonly reported in lateral medullary syndrome due to the involvement of

the vestibular nuclei and its projection.1 The neural integrators responsible for

C
EP

horizontal gaze are the medial vestibular nuclei and the nucleus prepositus
hypoglossi.2 Medullary lesions located in paramedian region usually manifest
as an upbeat nystagmus (UBN).3,4 UBN beats upward in the primary position,
and can be aggravated by looking in an upward direction of gaze. Its common
aetiologies include tumor, stroke, multiple sclerosis, and Wernicke’s

C

encephalopathy.3

On the other hand, vertical gaze-evoked nystagmus (GEN) can also be

A

prominent in upward or downward direction of gaze, but it disappears in the
primary eye position. Vertical GEN occurred primarily in midbrain lesions,
where the interstitial nucleus of Cajal serves as the primary neural integrator.2
The flocculus and nodulus of the cerebellum also play a role in maintaining an
eccentric position of gaze.2
Another type of vertical nystagmus is spontaneous downbeat nystagmus
(DBN), in which the fast phase beats in a downward direction in the primary
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eye position.3 It can be aggravated by looking down, to the side while in a
prone position. It is mainly due to bilateral disease of the cerebellar flocculus,
but had rarely been reported in paramedian medullary lesions.3
Medial medullary syndrome (MMS) is a rare form of posterior circulation
stroke that occurs in less than 1% of cases.5 It even more rarely occurs

D

bilaterally in a young patient without underlying diseases. MMS is more
commonly seen in elderly males, and the main mechanism of stroke is

TE

atherosclerosis involving the vertebral artery.5,6,7 Large artery disease is more

common than small penetrating arteries occlusion.6,7 Occlusion of the anterior
or posterior spinal arteries can be associated with cervical cord ischemia or

C
EP

infarction, as demonstrated in our case.1 Clinical presentations of MMS

include motor weakness, dysarthria, and hypoglossal nerve palsy.4,5 Other
reported symptoms of bilateral MMS are rapidly progressive quadriplegia,
generalized numbness, nystagmus, giddiness or vertigo, and mild impairment

C

of consciousness.1,4,7,8

The medulla oblongata has a unique arterial supply from the branches of the

A

vertebral artery, namely from the anterior and posterior spinal arteries, in
addition to the perforating arteries and the long circumferential artery.6 The

medulla oblongata is divided into few vascular territories: the antero-medial,
antero-lateral, lateral, and posterior territories.6

The characteristic brain MRI finding of “heart appearance” in bilateral MMS
has been described in multiple case reports.1,4,8 The "heart appearance" sign
is considered to appear when the infarct occurs in the bilateral antero-medial
Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited
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medulla, which is supplied by branches of vertebral artery and anterior spinal
artery and may extend to the antero-lateral territory, which is fed by short and
long transverse branches of the vertebral artery.1 Lesions involving the
antero-medial vascular territory are common in the rostral part of the medulla
oblongata.1,6,7 Uni-lateral vertebral artery occlusion may also cause a bilateral

D

infarction, because the rostral median branches of the vertebral artery
penetrate the midline to supply the contralateral antero-medial arterial

TE

territory.1,6

We postulated that our patient had MMS with anterior spinal artery (ASA)
infarction due to emboli of an unrecognized source, that possibly dislodged to
multiple distal branches rather than causing blockage of the main vessels, as

C
EP

evidenced by a normal MRA of the main cerebral vessels. A rare cause of
ASA infarction in a young patient is fibrocartilaginous emboli (FCE), due to the
migration of the nucleus pulposus material from the intervertebral disc to the
nearby vessels and subsequent embolization to the spinal arteries.9 In one
review of histopathology confirmed FCE, 6 out of 41 cases presented with an

C

abrupt onset of neck pain and quadriplegia due to ASA infarction involving the
medulla oblongata and cervical cord. 40% of the cases that died was due to

A

respiratory complications.9 FCE can occur even with a very minimal or
unnoticed injury to the neck and without degenerative spine changes seen on
MRI. FCE can only be confirmed by biopsy of the occluded vessels, mostly
taken during the autopsy, and no specific treatment was available.9

Spinal cord infarction is often mistaken for and treated as acute transverse
myelitis. In this case, the clues to support infarction rather than myelitis
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include very abrupt onset, with maximal neurological deficit within the first
hour, normal CSF examination, distribution of lesion area following vascular
territory of ASA (anterior 2/3 of the cord) , no contrast enhancement on MRI
with relatively normal initial scan, and absence of clinical response to early
administration of high dose methylprednisolone.9 In neuromyelitis optica, the

D

long segment lesion is usually located centrally in the grey matter. It enhances
with contrast and might also show restricted diffusion on DWI.10 Other causes

TE

of restricted diffusion on brain MRI include immune encephalitis, multiple
sclerosis, venous infarction, and brain abscess.10

C
EP

Few case reports highlight that early MRI features of MMS might be missed if
the MRI is not thoroughly interpreted.4,8 Similar to our case, a retrospective
review of the first MRI, which was initially read as normal, actually showed
early changes of infarct in the paramedian region of the medulla, which
sometimes can be misinterpreted as midline artifacts. As the prognosis of

C

bilateral MMS is guarded, it is crucial to recognize the early imaging features
of MMS, because urgent reperfusion therapy might help to salvage the

A

ischemic area in selected cases. 5,7 In our case, further investigations with
conventional cerebral angiography, extended duration of cardiac Holter
monitoring, and trans-esophageal echocardiogram would be helpful to look for
the source of emboli in a young patient.
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Figure 1: Neuroimaging in Bilateral Medial Medullary Infarction due to
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TE

D

Anterior Spinal Artery Occlusion.

Video 1

C

Upbeat nystagmus is aggravated during upward gaze, with subtle

A

upward beats in the primary eye position.
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