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Abstract
Introduction Pediatric spinal cord infarction is a rare entity that presents a diagnostic challenge at the emergency depart-
ment. Ischemic spinal cord infarction can occur in the setting of trauma, cardiovascular malformation, or postoperatively.
We report a case of anterior spinal artery infarction following seemingly minor trauma in an otherwise healthy 14-year-
old male.
Case presentation A 14-year-old male presented with unprovoked sudden-onset stabbing back pain earlier that day. The
patient then demonstrated bilateral lower extremities weakness while at the emergency department. After extensive diag-
nostic workup, the patient was diagnosed with anterior spinal artery territory infarction involving the thoracic spinal cord.
Minor trauma to the thoracic spinal cord was detected on imaging and was believed to be the culprit of this event.
Discussion Given the rarity of spinal cord ischemia, a high index of suspicion and extensive workup of patients presenting
with clinical weakness are needed for accurate diagnosis and to avoid the eventual poor outcome. With so few reports in the
literature regarding spinal cord ischemia in the pediatric population, accurate diagnosis is often delayed until after irre-
versible events have already taken place. Our case report of anterior spinal artery distribution thoracic cord infarct following
a minor trauma was diagnosed by axial thin-slice DWI MRI with an otherwise negative workup.

Introduction

Spinal cord ischemia is a rare occurrence in the adult and
pediatric populations. Although cerebral ischemia is well
understood, the natural history and prevalence of spinal
cord ischemia are not well known given the paucity of cases
in the literature [1, 2]. It represents ~6% of all acute mye-
lopathies and can be difficult to differentiate from other
forms of myelopathy [3]. It can present a diagnostic chal-
lenge to the emergency physician given that the clinical
presentation varies depending on the involved vascular
territory and can range from minor weakness to tetraplegia
[4, 5]. Some predisposing factors for spinal cord ischemia
described in the literature include prior trauma, surgery, or
congenital cardiovascular malformation. However, multiple
cases were reported to occur in otherwise healthy

individuals or following minor trauma [6–8]. We present a
case of anterior spinal artery territory infarction following
minor trauma in a previously healthy 14-year-old male who
presented to the emergency department at our institution.

Case presentation

A 14-year-old right-handed male presented to our emer-
gency department (ED) complaining of sudden onset stab-
bing back pain that started earlier that day at home. The
patient reported an associated headache and denied any
strenuous physical activity prior to the onset of pain. The
patient recalled mild acute back pain that resolved sponta-
neously when he carried his cousin on his shoulders while
at the pool one week prior to the current presentation.

Upon arrival to the ED, the patient reported numbness of
bilateral lower extremities. His vital signs were within
normal limits, he was alert, oriented, and reported
improvement of his back pain after the administration of
Ketorolac. Physical exam in the ED revealed localized
tenderness over the upper back. Lower extremities’ strength
was within normal limits at the time of the initial
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examination. Initial imaging workup included thoracic and
lumbar plain radiographs which were unremarkable.
Laboratory workup revealed an elevated erythrocyte sedi-
mentation rate value at 15, white blood cell count of 12.2,
and normal urine analysis. The initial differential diagnosis
in the ED included traumatic injury to the spinal cord versus
transverse myelitis.

The patient then started to demonstrate bilateral lower
extremities weakness and was unable to ambulate inde-
pendently. Pediatric neurology was consulted by the
emergency physician and repeated physical exams revealed
a sensory level at T5 with decreased pain and temperature
sensation below that level. He also demonstrated a wide-
based gait with bent knees and an inability to stand inde-
pendently. The International Standards for Neurological
Classification of Spinal Cord Injury standardized examina-
tion was performed and revealed an incomplete T5 neuro-
logical level of injury with an American Spinal Injury
Association impairment scale of C.

The patient was admitted to the inpatient service and
magnetic resonance imaging (MRI) of the cervical, thoracic,
and lumbar spine was obtained. This MRI revealed a T2-
weighted signal hyperintensity involving the ventral thor-
acic cord at the midline spanning from T1 to T10 levels
with no corresponding post-contrast enhancement or
restricted diffusion on the provided sagittal diffusion-
weighted imaging sequence (DWI). The initial radiologic
differential was formulated as inflammatory/infectious
myelitis, autoimmune myelitis, acute demyelinating pro-
cess, or transverse myelitis. Ischemic myelitis was con-
sidered a less likely possibility given the absence of
diffusion restriction.

The differential diagnosis formulated by the pediatric
neurologist included acute transverse myelitis, infectious
myelitis, ischemic myelitis, neuromyelitis optica, or multi-
ple sclerosis. The patient was then started on methyl-
prednisolone and lumbar puncture was performed, which
was inconclusive as the cerebrospinal fluid analysis returned
negative for infection and CSF electrophoresis showed no
oligoclonal bands. Acute flaccid myelitis was also con-
sidered as a less likely possibility given the sensory changes
and the lack of preceding illness. Although the presumptive
clinical diagnosis favored acute transverse myelitis by
exclusion of other possibilities, the case was re-discussed
with two neuroradiologists and both agreed that imaging
findings were not characteristic of transverse myelitis and
ischemic myelitis needed to be ruled out. This prompted
vascular workup to rule out aortic dissection involving the
artery of Adamkiewicz or radiculomedullary arteries, con-
genital cardiovascular malformations, and local shunting
due to arteriovenous malformations. Computed tomography
angiogram (CTA) of the chest was performed to rule out
aortic dissection given the initial presentation of upper back

pain and returned unremarkable for dissection but showed
left T9 transverse process fracture. Cardiology service was
consulted for evaluation of possible cardiovascular
anomalies, and echocardiography was performed and was
unremarkable. Enhanced and unenhanced MRI of the brain
and orbits was then obtained and did not reveal any evi-
dence of multiple sclerosis or neuromyelitis optica. The
ophthalmologic exam did not reveal any evidence of optic
disk edema or optic neuritis.

The patient then developed loss of deep tendon reflexes
at the left knee and bilateral ankles approximately three
days after admission and prompted repeat MRI of the
thoracic spine. Only Sagittal thick slice sequences were
performed initially as ischemic myelitis was not in the
clinical differential diagnosis. Given the distribution of the
T2/STIR hyperintense signal, repeat scan with thin-slice
axial and sagittal DWI sequences was recommended which
confirmed the diagnosis. Temporal evolution of the
ischemic process might also have a role in producing more
robust diffusion restriction signal. The repeat MRI again
revealed a T2-weighted signal hyperintensity of the anterior
aspect of the spinal cord spanning the level of T3–T10 with
corresponding restricted diffusion on axial thin-slice DWI
sequence and no post-contrast enhancement (Fig. 1). These
findings were consistent with anterior spinal artery territory
ischemic infarction. Marrow edema and post-contrast
enhancement were observed at the left T9 transverse pro-
cess that correlated with the non-displaced fracture on prior
CTA of the chest (Fig. 2).

The patient started to demonstrate gradual clinical
improvement after five days of high-dose steroids and
physical therapy. Conventional spinal angiography was
performed to rule out underlying vascular malformations or
dissection with selective catheterization of the radiculome-
dullary branches and the artery of Adamkiewicz which was
identified at the level of L1 (Fig. 3). Spinal angiogram was
negative. The patient continued to demonstrate clinical
improvement in gait and bilateral lower extremities weak-
ness. He was discharged the next day on a tapering course
of steroids with planned follow up with the pediatric neu-
rology service.

Discussion

The anterior two-thirds of the spinal cord receive their
arterial supply from the anterior spinal artery (ASA) and the
posterior third from paired posterior spinal arteries [9]. The
bilateral vertebral arteries contribute to the formation of the
anterior spinal artery with additional contribution from the
radiculomedullary branches of the extraspinal arteries
[10, 11]. In early fetal life, there are 31 pairs of radiculo-
medullary arteries, diminishing in number with individual
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development varying from 2 to 14 and an average of six in
adults [11]. In the thoracic and lumbar spine, the radicular
arteries are supplied by intercostal and lumbar arteries that
accompany the nerve root through the neural foramen and
courses anterior to the ventral nerve root supplying the ASA
with an average of two to three feeders in the thoracic spine
and 0–1 feeders in the lumbar spine [11]. The “hairpin

loop” appearance is the term used to describe the mor-
phology of the radiculomedullary arteries on angiogram as
they join the ASA [11]. An additional contribution to the
ASA is also identifiable in the thoracic and lumbar seg-
ments called the artery of Adamkiewicz [10]. It usually
originates between T9 and T12, on the left side, and rarely
from the lumbar or higher thoracic spine [10].

Fig. 1 Multi-sequence MRI of the thorathic spine. MRI of the
thoracic spine demonstrates increased T2 signal intensity in the ante-
rior spinal cord substance (arrows) on sagittal T2-weighted images (a),
and no abnormal post-contrast enhancement on post-contrast sagittal

T1-weighted images (b). Sagittal DWI sequence (c) demonstrates
restricted diffusion in the anterior spinal cord substance (arrows) which
was better appreciated on axial thin-slice acquisition (d).

Fig. 2 Left T9 transverse
process fracuture on MRI and
CT. Axial post-contrast T1-
weighted image of the thoracic
spine (a) demonstrates post-
contrast enhancement of the left
T9 transverse process (arrow).
Axial (b), sagittal (c) and
coronal (d) CT of the thoracic
spine in the bone window
confirms the presence of a non-
displaced minor fracture (arrow)
of the left T9 transverse process.
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Given the rich vascularity of the spinal cord, infarctions
are not common and estimated that they account for ~1% of
total adult strokes in the United States, not including cord
infarctions secondary to aortic surgery complications
[3, 12]. Spinal cord infarction is even less common in
pediatrics and incidence is not yet reported. Mechanism of
pediatric spinal cord infarction is, the same as in adults,
likely due to a decrease in blood supply secondary to
hypotension or vascular occlusion as a sequela of traumatic
or iatrogenic, thrombotic, or embolic disease. However, the
underlying etiologies are different and not always recog-
nized. Sladky and Rourke [13] found 9 of the examined 900
premature infants were having ischemic changes in the
spinal cord on their post-mortem study and presented the
hypothesis of immature autoregulation which was later
supported by Singer et al.’s similar findings in three pre-
mature neonates [14]. Systemic hypotension due to cardiac
arrest or in hypoxic-ischemic conditions can be a cause of
cord infarction. Iatrogenic vascular injury has been reported
in umbilical artery catheterization in a literature review by
Sheikh et al. [2]. Aortic surgery as a cause of cord infarction
is much less common than in adults but has been reported
with the repair of coarctation of aorta and aortic dissection
[15]. Other rare causes of vascular compromise such as
embolization of esophageal varices, post lumbar puncture
cerebellar herniation [16], and compression of cervicome-
dullary junction secondary to achondroplasia are also
reported. Trauma is reported in the literature as a cause to be
considered even when it is minor and not recalled by the
child. The underlying mechanism is not well understood;
Pang et al. [17, 18] attributed this to the theory that less
pliable spinal cord against flexible vertebral column is likely
the reason hyperflexion injuries can cause vascular spasm
with subsequent vascular insult in the cord. Trauma can also
cause vascular injury especially for radicular arteries or the
artery of Adamkiewicz. Choi’s et al theory about spinal
cord infarction in the setting of thoracic or abdominal blunt
trauma is that the small-caliber spinal arteries might get
intimal tears that can eventually progress to dissection or

thrombosis secondary to compression by hematoma or
contusion [19]. Fibrocartilagenous embolization of nucleus
pulposus has been a recognized cause of spinal cord
infarction which could be post-traumatic or degenerative;
the clue for diagnosis is intervertebral disc changes along
with cord ischemia [8]. Often, even with extensive workup,
etiology is not always identified or confirmed.

Nontraumatic thromboembolism to the spinal arteries is
less common in children and likely secondary to vasculitis
or thrombotic blood disorders like antiphospholipid syn-
drome, or sickle cell disease. Clinical presentation of spinal
cord ischemia might mimic more common diagnostic pos-
sibilities like inflammatory, demyelinating, neoplastic pro-
cesses, or post-traumatic contusions. MRI can suggest the
diagnosis based on the pattern of cord involvement. DWI is
the gold standard for the diagnosis of acute cerebral
infarction, which demonstrates diffusion restriction. The
same principle applies to the diagnosis of cord infarction
and to differentiate it from other entities. The challenges
with Spinal DWI are the presence of a small spinal canal
and small cord diameter, and artifacts especially in the
thoracic region secondary to respiration and CSF pulsation.
Our recommendation is to obtain axial thin-slice DWI MRI
for better resolution, as in our case, diffusion restriction was
not called on the initial sagittal DWI but was evident on the
axial thin slice sequence when repeated.

Our case report of anterior spinal artery distribution
thoracic cord infarct was diagnosed by axial thin-slice
DWI MRI with an otherwise negative workup. Given the
acute, sudden onset upon lifting a child, the presence of a
T9 transverse process fracture and the MRI findings, as
well as a relatively normal spinal angiogram, it is postu-
lated that the cord infarct was post-traumatic, with sec-
ondary injury to a radiculomedullary anterior spinal artery
feeder or embolization to the thoracic portion of the
anterior spinal artery. We believe that increased aware-
ness of this entity and its etiology in the pediatric popu-
lation can help clinicians and radiologists to consider it in
difficult presentations.

Fig. 3 Conventional spinal
angiography with selective
catheterization of the
radiculomedullary branches.
Sample images of the
radiculomedullary branch from
the left T9 intercostal branch (a)
and the artery of Adamkiewicz
demonstrated at the level of L1
(b, c and d).
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