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Nucleus pulposus (NP) embolism is an extremely rare cause of spinal cord infarction. To our knowledge, it has
not been reported in pregnancy in the English literature. A 41-year-old pregnant woman presented with clinical
symptoms initially attributed to a transverse myelitis. After a complicated clinical course, she expired, and was
found at autopsy to have NP embolism to the spinal cord. In conclusion NP embolism is a rare cause of spinal
cord infarction, and should be considered in the differential of a patient presenting with symptoms compatible
with spinal cord infarction in the pregnant as well as nonpregnant state.
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Embolization of fibrocartilaginous material to the
spinal cord vessels is a rare cause of spinal cord
infarction. The etiology is unknown, although
some cases have been reported to occur following
trauma, which may be minor. To our knowledge,
nucleus pulposus (NP) embolism to the spinal cord
vessels has not been reported during pregnancy
in the English language literature. We herein report
such a case and review the salient literature on
this topic.

Case

A 41-year-old G5P3105 woman presented to the
labor and delivery service at 25þ weeks gestational
age with a chief complaint of sudden onset of lower
extremity tingling, weakness, and inability to walk.
The weakness developed in less than 30min. She
denied trauma, viral infection, contact with ill
individuals, unusual food ingestion, or the use of
alternate medicines. The patient had five other
children, and her prior pregnancies were unevent-
ful.

On examination, she had decreased muscle tone,
complete loss of strength, and absent deep tendon
reflexes in the lower extremities. Plantar responses
were absent. Sensory examination revealed the

absence of perception to fine touch, pinprick,
vibration, temperature, and joint position in the
lower extremities below the T10 level. Rectal
sphincter tone was absent. The remainder of the
neurological examination was normal.

Laboratory examination revealed normal serum
chemistry and hematology. The patient’s antithrom-
bin-III level was mildly low at 74 (normal 85–120).
Protein C, protein S, dilute Russell viper venom
times (for lupus anticoagulant), and anticardiolipin
antibody were normal. An Magnetic Resonance
Imaging (MRI) of cervical, thoracic, and lumbar
spine with and without contrast did not reveal any
abnormalities, but showed mild disc protrusions at
the C3–4 and C4–5 levels producing mild cervical
stenosis and mild flattening of the thecal sac and
cord. Lumbar puncture showed normal cerebrosp-
inal fluid with one cell, protein 36mg/dl, and
glucose 62mg/dl. The patient continued to be
symptomatic, and an MRI of the spine was repeated
a day later. Increased signal was noted within the
cord from the conus to T6–7, compatible with either
cord infarction or myelitis. An MRI of the brain
with and without contrast was normal. Somatosen-
sory evoked potentials to the right and left median
nerve stimulations were normal. Cortical potentials
were absent with right and left peroneal nerve
stimulation. These findings were consistent with a
disturbance of the posterior columns bilaterally.

Initially, the clinical impression was of transverse
myelitis vs spinal cord infarction. The patient had
findings suggestive of involvement of both posterior
and anterior columns of the spinal cord, which was
atypical for spinal cord infarction. The patient was
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given a trial of dexamethasone (60mg/day for 5
days) followed by a tapering course of prednisone
60mg for 2 days without any improvement. On
hospital day 10, the patient complained of mild
abdominal pain. Later, despite a large bowel move-
ment, the patient’s abdomen was still moderately to
severely distended and tympanitic. She became
tachycardic (150 beats/min) and tachypneic with a
respiratory rate of at least 40min�1. The differential
diagnosis at this point included pulmonary embo-
lism and aortic dissection. The patient had a
cardiorespiratory arrest while the CT scan was being
performed, and she was successfully resuscitated.
An emergent Cesarean-section was performed and a
stillborn infant was delivered. Upon entry into the
peritoneal cavity fecal matter was apparent. A bowel
perforation of the cecum was noted, and a partial
colectomy was performed. The patient was then
transferred to the surgical intensive care unit, where
she remained in critical condition, intubated, and
requiring pressors. She was septic, and she devel-
oped acute respiratory distress syndrome (ARDS)
and coagulopathy requiring transfusion of multiple
blood products. A second laparotomy was per-
formed 4 days after the first, and the distal ileum,
cecum, and proximal ascending colon were resected
because of perforation with focal infarction and
ischemic changes. On postoperative day 8, brain
flow scan showed no flow, and artificial support was
discontinued.

Surgical Pathology

Histologic examination of the resected colon dis-
closed perforation and focal infarction, without any
foreign material noted in the blood vessels, on
review after the spinal cord sections from the
autopsy had been examined. The placenta had
subchorionic hemorrhage, but again no occlusive
material was observed in the vessels. A review of the
second bowel perforation specimen also failed to
reveal any occluded vessels.

Autopsy Findings

The inferior vena cava contained thrombus and the
iliac veins had a saddle thrombus.

On microscopic examination, there were multiple
fibrin thrombi in arterioles in the lungs, with early
ARDS. There was also severe acute peritonitis.
Pertinent negatives included an unremarkable ver-
tebral column, and no evidence of an atrial myxoma
or other lesions in the cardiac chambers.

Neuropathologic Findings

An examination of the brain disclosed gross and
microscopical changes of a nonperfused brain with
autolysis (the so-called ‘respirator brain’), with

marked brain swelling, bilateral transtentorial uncal,
and midline herniation, Duret hemorrhage in the
base of the pons, and herniation of the cerebellar
tonsils. The lower spinal cord, which was not
autolyzed, exhibited extensive necrosis and cavita-
tion, most marked at the L1 level but extending as
high as T9, with macrophages removing necrotic
tissue, on histological examination. The dorsal cord
was more severely involved than the ventral at the
affected levels, but some changes were also noted in
the anterior gray and white matter. Many small
arteries, mainly in the dorsal leptomeninges of the
lower thoracic and lumbar cord, were occluded by
mildly basophilic material (Figure 1) that was
strongly positive on Alcian blue stain (Figure 2).
Occasional vessels within the cord parenchyma and,
rarely, in the ventral roots were similarly occluded.
This material had the typical appearance of fibro-
cartilaginous tissue. The anterior spinal artery at
all cord levels was patent, with no evidence of
occlusion (Figure 3). With immunocytochemistry,
the fibrocartilaginous material was negative when
reacted with antibodies to S-100 protein, alpha-

Figure 1 Vessel occluded by fibrocartilaginous material, in dorsal
leptomeninges of L3 spinal cord. (Masson trichrome stain, X175.)

Figure 2 Vessel occluded by fibrocartilaginous, Alcian blue
positive material, dorsal leptomeninges, L3 spinal cord. (Alcian
blue stain, X175.)
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fetoprotein, and beta-human chorionic gonadotro-
pin (b-HCG). It stained lightly, with the use of an
antibody to placental alkaline phosphatase (PLAP).
This material was not seen in the blood vessels in
the systemic organs in this case, and it was not
present in the vessels of the brain.

Discussion

Spinal cord infarction due to embolization of
fibrocartilaginous material is a rare, yet well-recog-
nized phenomenon, occurring more often in women
rather than in men.1 Only one prior case of this
phenomenon occurring in a pregnant woman has
been reported in the German literature, and we have
found none in the English literature.2 It has been
associated in some cases with trauma, which is often
minor, although there was no indication of trauma
in this case. Most of the cases that have been
described in the literature have involved the
territory of the anterior spinal artery. This case is
unusual, since most of the emboli were in the dorsal
spinal arteries, with more severe infarction of the
dorsal half of the cord than the ventral half.
However, some vessels in the ventral circulation
were clearly occluded, although the anterior spinal
artery itself was patent at all levels. As is usually the
case, the cause of death was related to secondary
events, in this case bowel distention with resultant
necrosis and perforation, leading to peritonitis,
sepsis, ARDS, and death. As is also typical of such
cases, there was no evidence of embolization of the
material to any other tissues in the body. Other
possible sources of the material in the spinal cord
vessels such as organizing thrombi or embolized
material from an atrial myxoma could have poten-
tially occurred; however, there was no evidence of
an atrial myxoma, and the alcian blue positivity

would not be expected in an organizing thrombus.
Also mitigating against vertebral thrombi was that
the MRI did not reveal any abnormality of the
intervertebral disks or vertebrae during life, nor did
the gastrointestinal tract show emboli at the surgical
resection or at autopsy.

NP embolism was first reported by Naiman3 in
1961 who reported a 15-year-old boy, who after
minor trauma died as a result of spinal cord
infarction secondary to embolized disc material.
Since then a limited number of additional cases
have been reported.

The NP is a semi-fluid gelatinous fibrocartilagen-
ous cushion, rich in mucopolysaccharides, contain-
ing a few multinucleated notochordal cells that
disappear by the end of the first decade of life.4

Arterial vascularization is present early in life, and
the material becomes avascular in adolescence.5

There have been less than 40 cases of this
phenomenon reported so far in the literature. Tosi
et al6 reviewed the literature and summarized 32
cases. Women were more affected than men, the
reason for which is unclear. Most of these women
were of child-bearing age. Most patients died,
ranging from hours up to 6.6 years. Embolism to
the anterior spinal artery was more common rather
than to the posterior spinal artery. The clinical
history preceding the onset of symptoms was
variable in the reported cases, including falls,
symptoms on awakening from sleep, and in some
cases the onset is sudden with no identifiable
antecedant.2,6–12

How the disc material enters into the vascular
system is not clear, and many theories have been
proposed. The blood supply to the spinal cord is
characterized by an extensive network of epidural
arteriovenous anastomoses, as demonstrated by
postmortem intravascular injection of gelatinated
ink.13 Vuia and Alexianu14 showed that arteriove-
nous shunts exist between arteries and veins
surrounding the posterior root ganglia and nerve
roots, as well as between arteries and veins in the
epidural space. Naiman3 postulated that an inter-
vertebral disc ruptures laterally causing damage to
an adjacent radicular artery with entrance of disc
material into the arterial circulation. An alternate
hypothesis is that high axial loading causes in-
creased pressure within abnormally vascularized
but unruptured disc, with injection of semifluid NP
material into small arteries and retrograde spread to
a radicular artery.

Feign et al7 suggested that in cases with predomi-
nant venous embolization, extrusion of NP into
sinusoids and veins of the vertebrae via Schmorl’s
nodes might be the mechanism of embolization.
Srigley et al15 suggested that retrograde venous flow
from vertebral marrow sinusoids through Batson’s
plexus into the spinal veins could explain some cases.

Embolism of NP is not limited to the spinal cord.
Toro-Gonzalez et al16 reported acute ischemic stroke
from fibrocartilaginous embolism to the middle

Figure 3 Patent anterior spinal artery (bottom of photomicro-
graph), with zones of myelomalacia on either side of the ventral
sulcus of the spinal cord, T12 level. The parenchyma in the upper
portion of the photograph, more medially, near the ventral canal,
is intact. The anterior spinal artery was patent at all levels of the
cord. (hematoxylin and eosin, X175.)
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cerebral artery in a previously healthy 17-year old
female who fell during a basketball game, followed
by left hemiparesis, right uncal herniation, and
death over a 3-day period. Schreck et al17 reported
NP pulmonary embolism in a 57-year-old male
secondary to spasmodic back extensions following
a fatal systemic reaction to radiocontrast used in
fluroscopic discography.

The occurrence of NP embolism following either
absent or minor trauma, and the infrequency
following major accidents and surgeries, which
increase the risk of hematogenous embolization,
suggests that factors other than the arteriovenous
circulation of the spinal cord contribute to the
condition. The etiology of the embolic phenomenon
in this case is unknown. It is possibly related in
some way to the woman’s pregnancy, but this is
merely a speculation. We could find no reports
explaining the increased risk in women, nor relating
this either to hormonal cycles or to pregnancy. NP
embolism should be considered in patients both
pregnant and nonpregnant who present with symp-
toms attributable to spinal cord infarction.
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