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Case Reports

Acute Ischemic Stroke From Fibrocartilaginous
Embolism to the Middle Cerebral Artery

Gabriel Toro-Gonzilez, MD; Lydia Navarro-Roman, MD; Gustavo C. Roman, MD;
Jaime Cantillo, MD; Benito Serrano, MD; Manuel Herrera, MD; and Ignacio Vergara, MD

Background and Purpose: Fibrocartilaginous embolism from the nucleus pulposus has been reported as
arare cause of spinal cord ischemia. We were unable to find previous reports of embolism from this source
to cerebral arteries.

Case Description: A previously healthy 17-year-old girl fell during a basketball game. Left hemiparesis
and unresponsiveness developed followed by signs of right uncal herniation and death over a 3-day period.
There was no evidence of neck, head, or spine trauma, and cardiac evaluation was normal. Neuropath-
ological examination showed extensive ischemic infarction of the right middle cerebral artery territory,
brain edema, and herniation. Complete embolic occlusion of the right middle cerebral artery by
fibrocartilaginous material, consistent with nucleus pulposus, was documented. Small, terminal coronary
artery branches also showed embolism by the same material and limited areas of myocardial infarction.

Conclusions: Acute cerebral embolism after minor trauma in a young patient may be rarely due to
fibrocartilaginous embolism from the nucleus pulposus. The pathogenesis of this problem remains poorly
understood, but systemic embolism appeared to have occurred in this case. (Stroke 1993;24:738-740)
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tion caused by embolism of fibrocartilaginous

material from the nucleus pulposus is a relatively
exceptional occurrence. In 1961, Naiman and col-
leagues! reported the first such case in a 15-year-old boy
who developed paraplegia and died shortly after sus-
taining a minor injury during a basketball game. Since
then, a total of 25 cases of fibrocartilaginous emboliza-
tion to the spinal cord have been reported.? Involve-
ment of the cervical spinal cord was reported in 21 of
those cases, and in six of them extension of the ischemia
to the medulla oblongata was present.2 However, an
extensive literature search failed to reveal instances of
fibrocartilaginous embolization from the nucleus pulpo-
sus to the cerebral arteries. The present case documents
a fatal case of embolic occlusion of the middle cerebral
artery by fibrocartilaginous material resulting in exten-
sive ischemic brain infarction in a 17-year-old girl.

S udden onset of paraplegia from spinal cord infarc-

Case Report

This previously healthy 17-year-old girl was engaged
in intense physical activity during a basketball game
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when she fell, apparently with brief loss of conscious-
ness. Two to 3 hours later, she presented with progres-
sive weakness of the left side of her body along with
decrease in the level of consciousness and was then
admitted to a rural hospital. Three days later, after she
failed to regain consciousness, transfer to the National
University Hospital in Bogotd, Colombia, was obtained.
Review of systems, past medical history, and family
history were unremarkable. On admission, physical
examination disclosed a well-nourished girl who was
afebrile with a blood pressure of 120/70 mm Hg, a pulse
of 75 beats per minute, and respirations at 26 breaths
per minute. There were no skin lesions and no evidence
of head, neck, or spine trauma. Cardiopulmonary ex-
amination was normal, as was the remainder of her
physical examination. Neurological examination showed
a comatose patient responding to painful stimulation
with decerebrate rigidity. The right pupil was dilated
and fixed with complete right oculomotor paralysis. A
left hemiplegia was present with spontaneous bilateral
Babinski’s sign. The patient was diagnosed as having
suffered from the possible rupture of an intracranial
aneurysm. A number of laboratory tests were noncon-
tributory. Computerized tomography of the brain could
not be obtained. Cardiorespiratory arrest ensued
promptly, and she died after unsuccessful resuscitation
maneuvers.

Postmortem examination showed an extensive isch-
emic infarction in the territory of the right middle
cerebral artery caused by embolism and total occlusion
of the initial segment of the artery (Figure 1). On
sectioning the stem of the right middle cerebral artery
was totally occluded, extending beyond the origin of its
first branches. The brain was edematous and weighed
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1,875 g. Flattening of the convolutions and bilateral
uncal herniation, more severe on the right, resulting in
compression of the right third cranial nerve, were
observed. On histological examination the embolus
consisted of fibrocartilaginous material completely fill-
ing the lumen of the right middle cerebral artery
(Figure 2A). The identity of this material was consistent
with nucleus pulposus on periodic acid-Schiff (PAS)
staining (Figure 2B). The heart weighed 300 g and
showed absence of valvular lesions, patent foramen
ovale, or malformations. Two small distal coronary
arteries showed occlusion by emboli of fibrocartilagi-
nous material. Small areas of ischemic infarction were
found in the myocardium in the vicinity of the areas of
embolism. The remainder of the postmortem examina-
tion was unremarkable.

Discussion

Fibrocartilaginous embolism, probably originating
from the nucleus pulposus, was demonstrated on post-
mortem examination as the cause of the embolic occlu-
sion resulting in extensive ischemic infarction of the
right middle cerebral artery territory in this patient.
The young age of the patient and the history of physical

A

FIGURE 2. Panel A: Histological section of occluded middle cerebral artery illustrating presence of amorphous, fibrillary
substance (hematoxylin and eosin stain, X100). Panel B: Higher magnification of right lower quadrant of panel A shows positive
periodic acid—Schiff staining of ground substance and presence of round cell nuclei consistent with chondrocytes (periodic
acid—Schiff stain, X250). Histological images demonstrate fibrocartilaginous nature of arterial embolus.
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FIGURE 1. Basal view of fixed
brain demonstrating presence of
occlusion of stem of right middle
cerebral artery (MCA). Bulging
artery has been sectioned (star)
to show occlusion of lumen.
Temporal lobe has been re-
moved to reveal MCA in situ
and to demonstrate softening
and loss of definition of tissue in
infarcted MCA territory.

exercise during a basketball game preceding the ictus
resemble quite closely the circumstances surrounding
the onset of paralysis in the first case description of
spinal cord embolism from this source.!

Previously reported cases of lower brain stem infarc-
tion resulting from fibrocartilaginous embolism have
been caused by occlusion of the anterior spinal artery,
resulting in simultaneous infarction of the medulla
oblongata and upper cervical cord.3-5 More exceptional
is the occurrence of bilateral medial medullary infarc-
tion, reported by Kase and colleagues,® as a result of
embolic occlusion of the distal anteromedial and an-
terolateral branches of the anterior spinal artery in their
intramedullary trajectory.

The nature of the emboli in the cerebral and coronary
arteries in the case reported here appears to be fibro-
cartilaginous material consistent with nucleus pulposus.
The arteries were totally occluded by a mixture of
amorphous, partly fibrillary substance that stained soft
pink on hematoxylin and eosin (Figure 2A) but stained
negative for fibrin on phosphotungstic acid—hematoxy-
lin, thereby ruling out a thrombus. The material was
confirmed as being consistent with loose fibrocartilagi-
nous ground substance by PAS-positive staining (Figure
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2B) and green staining with Gomori’s trichrome. Fur-
thermore, nuclei of a few chondrocytes were observed
within the fibrillary amorphous collagenous matrix (Fig-
ure 2B).

The mechanisms of embolization of nucleus pulposus
into spinal arteries or veins remain conjectural. The
nucleus pulposus is a semifluid cushion of fibrocartilag-
inous material regarded as a remnant of the embryonic
notochord. In children, the nucleus pulposus is soft,
gelatinous, relatively large, and consists of a mucoid
collagenous matrix, rich in mucopolysaccharides, con-
taining a few multinucleated notochordal cells that
disappear by the end of the first decade of life.” Later,
there is a gradual replacement of the mucoid material
by fibrocartilage. With age its elasticity is reduced, and
after the second decade degenerative changes occur in
the disks along with softening and weakening of the
annulus fibrosus. The intervertebral nucleus pulposus is
larger and better developed in the cervical and lumbar
regions than in the thoracic spine. This could explain
the presence of cervical spine lesions in 21 of the 25
reported cases.?

The age distribution of cases of spinal cord emboli
from nucleus pulposus follows a bimodal distribution
with a first peak .at age 20 and a second at age 49 years,
for a median age of 36 years.2 The young age of patients
in the first group suggests that a larger volume of
nucleus pulposus could be a factor in the pathogenesis.
The second group includes 10 of the 25 patients with an
age range from 46 to 77 years, five of whom were older
than 60 years of age.2 Degenerative changes in the
nucleus pulposus, annulus fibrosus, and vertebral bone
probably play a role in this second group of older
patients.

Naiman and colleagues! postulated three mechanisms
of embolization: 1) traumatic injury of the annulus
fibrosus, followed by extrusion of fragments of nucleus
pulposus into the spinal arterial system; 2) increase of
disk pressure, resulting in “injection” of disk material
into small blood vessels, which may persist inside the
nucleus pulposus until adolescence; and 3) presence of
arteriovenous malformations. Feigin and coworkers®
suggested that in cases with predominant venous embo-
lization extrusion of nucleus pulposus into sinusoids and
veins of the vertebral body via Schmorl’s nodes may be
the mechanism of embolization. Srigley et al® have
suggested that retrograde venous flow from vertebral
marrow sinusoids through Batson’s plexus into the
spinal veins could also explain some cases of embolism.
However, the presence of fibrocartilaginous material
exclusively inside arteries, or within arteries and veins,
such as in the cases reported by Feigin et al®> and Hubert
et al,? indicates the existence of arteriovenous commu-
nications in the spinal cord circulation. Systemic embo-

lism was probably present in the case reported here
because coronary and cerebral emboli were docu-
mented. Paradoxical embolization through a pulmonary
arteriovenous fistula would need to be invoked in the
absence of an interventricular communication at post-
mortem examination of the heart.

The possibility of a source of embolism different from
the nucleus pulposus may also be considered, because
fibrous cartilage is also found in the pubic symphysis,
ligamentum teres of the femur, glenoid and cotyloid
ligaments, and in the interarticular cartilages in a num-
ber of major joints. The history of trauma during
exercise favors this hypothesis. Fibrocartilaginous em-
bolism to spinal cord vessels is also known to occur in
animals, in particular in dogs, horses, lambs, swine, and
cats.!0 In most instances, nucleus pulposus is the source
of embolization. However, in one report involving an
adult sow, it was suggested that emboli may have
derived from the cartilage of vertebral physis.!! Al-
though exceptional, the differential diagnosis of acute
stroke in the young must include fibrocartilaginous
embolism as a potential cause.
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