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Spinal neurocysticercosis
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Worldwide, cysticercosisis the most common parasitic infection of the central nervous system. In endemic regions,
the incidence of neurocysticercosis (NCC) approaches 4% of the genera population. The disease is predominantly
intracranial, the authors of most series generally report the incidence of spinal NCC as only 1.5 to 3% of all cases.
Although spinal NCC is relatively rare, it represents a distinct clinical entity that can have devastating consegquences
for the patient. Because of the limited size of the spinal canal, the mass effect of these lesionsis poorly tolerated. Most
spinal NCC occurs in the subarachnoid space where mass effect can cause spinal cord compression, although obstruc-
tion of cerebrospinal fluid pathways due to scarring of the subarachnoid space can also cause symptoms.

The authors treated six patients with spinal NCC. In five cases the lesions were located in the subarachnoid space,
and in one the lesion was intramedullary. All patients with subarachnoid spinal NCC required excision of the sympto-
matic lesions; in two casesinitiad medical therapy had failed. The patient with intramedullary spinal NCC experienced
mild symptoms and underwent steroid therapy. All patients experienced variably improved outcomes and were even-

tually ambulatory.

Medical therapy should be carefully considered in selected patients in whom symptoms are stable and nonprogres-
sive. Surgical intervention is required when severe or progressive deficits occur to prevent permanent injury. In some
patients recovery may be limited as aresult of inflammatory injury to the spinal cord or arachnoidal adhesions.
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parasitic infection

Worldwide, cysticercosis is the most common parasitic
infection affecting the CNS.671012131%-19 Neurocysticerco-
sis typicaly involves the brain parenchyma, intracranial
subarachnoid space, or ventricular system and is often
self-limited unless hydrocephalus requires surgical inter-
vention.?* Spinal NCC israre even in endemic regions and
may regquire more aggressive management because of the
natural confines of the spinal canal. The location of the
mass lesion, its size, and the inflammatory response gen-
erated by cyst breakdown are important factors in the
management of spinal NCC.24%5 We review six cases of
spina NCC in which the patients underwent evaluation
and treatment, and we present areview of the literature.

CASE REPORTS
Clinical Data

This report represents a retrospective review of indi-
vidual patients who were treated at UCLA Medica Cen-

Abbreviations used in this paper: CNS = central nervous system,
CSF = cerebrospinal fluid; CT = computerized tomography; MR =
magnetic resonance; NCC = neurocysticercosis; UCLA = Uni-
versity of Cdifornia, Los Angeles; VP = ventricul operitoneal.
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ter and affiliated hospitals (Olive View—UCLA, Harbor—
UCLA Medical Center, and Cedars-Sinai Medical Center)
between 1992 and 2001 (Table 1). In al patients clinical
evaluation for intraspinal masslesionsincluded MR imag-
ing and/or CT scanning of the spina column and brain.
The diagnosis of NCC was made based on neuroimaging
and serological studies in selected cases in which diagno-
sis remained unclear. All patients initially received dex-
amethasone therapy and selected patients received prazi-
quantel therapy pre- and postoperatively. Decompressive
surgery was performed in patients with progressive or
persistent severe neurological deficits. Outcome was doc-
umented for as long as each patient was available for
follow up, which was highly variable (range 6 months—
5years).

Casel

This 38-year-old Hispanic man with a history of in-
tracraniadl NCC and hydrocephalus (previously treated
by placement of a VP shunt) was evaluated for progres-
sive lower-extremity weakness, unsteady gait, and diffi-
culty initiating micturition over a 1-month period. Muscle
strength was Grade 3-4/5 in lower extremities bilaterally
with diminished reflexes. He experienced diminished sen-
sation in hisright lower extremity, and sphincter tone was
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TABLE 1
Summary of data obtained in six patients with NCC*
Factor 1 2 3 4 5 6
age (yrs), sex 38, M 14, Ft 36, M 40, M 28, M 80, M
H/O NCC yes (VP shunt) no yest no yest no
weakness LE UE/LE UE/LE no UE/LE no
tone —(LE) —(UE/LE) +(UE/LE) normal + +
sensory loss —rt thigh T4 level T4-9 level none none T-5 level
bladder dysfunction yes (resolved) yes (resolved) yes (resolved) no no no
lesion location L2-3 C5-T1 C-5 FM C-4 T4-5,T7-9
medical therapy DXM/PRZ DXM DXM DXM/PRZ DXM DXM
EM or IM EM EM EM EM IM EM
excision complete incomplete complete complete none complete
intraop US yes no yes no no no
follow up (yrs) 18 1 0.58 2 5 15
outcome RTW I-amb |-amb normal** normal improved

* ALB = albendazole; DXM = dexamethasone; EM = extramedullary; FM = foramen magnum; I-amb = independently ambulatory; IM = intramedullary;
LE = lower extremeties; PRZ = praziquantel; RTW = return to work; UE = upper extremities, US = ultrasonography; + increased; — decreased.

T History of sacral myelomeningocoele repaired at birth.
¥ Multiple intracranial parenchymal calcifications.

§ Lost to long-term follow-up.

** Hydrocephalus requiring VP shunt placement.

dlightly diminished. An MR imaging study of the lumbar
spine (Fig. 1 upper left and right and lower left) revealed
two large eccentric cystic lesions at L2-3 with diffuse
scarring throughout the entire lumbar subarachnoid space.
He was initially treated with dexamethasone therapy and
began praziquantel therapy when his paraparesis pro-
gressed, requiring lumbar laminectomy and excision of
two cystic lesions. Intraoperative ultrasonographic local-
ization was required, as was sharp microsurgical dissec-
tion because of the severe densely scarred subarachnoid
space. Gross examination of the cystic lesion revealed a
thin-walled, friable whitish bladder, and no scolices were
identified within the cyst. Histological evaluation showed
a tranducent cyst with an eosinophilic lining and clear
fluid with chronic inflammatory cells consistent with cys-
ticercosis. Postoperative MR imaging (Fig. 1 lower right)
demonstrated the absence of the lesions but dense arach-
noidal scarring remained evident. Initially he experienced
minimal sensorimotor improvement but was able to
ambulate with assistance. He was transferred to rehabili-
tation, improved over 2 months, and was eventualy able
to return to work as a gardener within the year.

Case 2

This 14-year-old Hispanic girl in whom asacral menin-
gocele had been repaired at birth, was transferred to our
institution with a 2-month history of neck and upper back
pain, a 2-week history of progressive quadriparesis, and
an inability to void for 1 day. Neurological examination
revealed diminished tone in al extremitieswith Grade 3/5
power in dl extremities and a T-4 sensory level. An MR
imaging study revealed a large cystic intradural, extra-
medullary mass compressing the posterior aspect of the
spina cord from C-5 to T-1. Initially she received intra-
venous dexamethasone therapy for 1 week, but she re-
quired an emergency C5-T1 laminectomy and excision of
a large intradural cystic mass because her neurological
symptoms worsened. Complete resection of the lesion
was not possible because the cyst wall adhered to the

2

spinal cord. Histological examination of the cyst showed
athin wall containing thick whitish fluid consistent with
cysticercosis. Postoperatively her muscle strength im-
proved rapidly to Grade 4/5 in al four extremities, she
was able to ambulate using a walker, and she regained
baseline urinary function. She was discharged to a reha-
bilitation hospital. Six months later she could ambulate
independently, and her status was unchanged at 1 year.

Case 3

This 36-year-old Hispanic man, in whom adiagnosis of
NCC with intracranial calcifications had been previously
established, presented with a 1-week history of rapidly
progressive spastic quadriparesis. His motor strength was
Grade 3-4/5, and he had a sensory level of T-4 on theright
and T-9 on the left. Sphincter function was normal. An
MR imaging study demonstrated a cystic mass lesion at
C-5 with anterolateral compression of the spinal cord with
severa adjacent subarachnoid septations. The patient un-
derwent urgent decompressive laminectomy and intradu-
ral exploration, during which we found dense arachnoidal
scarring that precluded visualization of the cyst and re-
quired intraoperative ultrasonographic localization. Sharp
dissection of the arachnoid was required for cyst removal,
ultimately allowing free flow of CSF in the subarachnoid
Space.

Strength and sensation immediately improved, but on
postoperative Day 3 the patient developed severe bilater-
a lower-extremity weakness. A CT myelography study
demonstrated a subarachnoid block at the level of thelam-
inectomy. Reexploration was undertaken. We performed a
limited dissection of the thickened arachnoid and a du-
raplasty to expand the subdural space. Postoperatively his
rehabilitation was slow. At the 6-month follow up he was
able to walk independently.

Case4

This 40-year-old Hispanic man presented with head-
aches, nausea, vomiting, and fever over several weeks.
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Fig. 1. Case 1. Sagittal T,- (upper left) and T,-weighted MR
images (upper right) and contrast-enhanced axia T, -weighted
MR image (lower left) demonstrating mass lesion compression
of the cauda equina at L2-3 with diffuse scarring throughout the
subarachnoid space. Sagittal T -weighted MR image (lower right)
with contrast demonstrating removal of cyst. Arachnoidal scarring
persists.

Neurological examination demonstrated normal status ex-
cept for nuchal rigidity. Magnetic resonance imaging re-
vealed mild hydrocephalus and a cystic lesion at the pos-
terior aspect of the foramen magnum (Fig. 2). Serological
studies indicated a diagnosis of NCC, and the patient
underwent praziquantel therapy for his symptoms. He ex-
perienced worsening headaches, and repeated MR imag-
ing demonstrated worsening ventriculomegaly. He un-
derwent a suboccipital craniotomy, C-1 laminectomy, and
intradural exploration to remove numerous cysticercal
cysts that densely packed the cisterna magna. Postoper-
atively his symptoms improved, but he eventually under-
went placement of aV P shunt to treat persistent headaches
and hydrocephalus. He received praziquantel but could
not return to work because of continued headache. Head-
ache remained at 2 year follow-up examination.
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Fig. 2. Case 4. Sagittal (left) and axial (right) T -weighted con-
trast-enhanced MR images demonstrating low-intensity mass oc-
cupying the foramen magnum and obstructive hydrocephalus.

Case5

This 28-year-old Hispanic woman presented with slow-
ly progressive spastic quadriparesis. Her strength (Grade
4/5) was decreased throughout al extremities with in-
creased tone and hyperreflexia. Bladder and bowel func-
tion was normal. M agnetic resonance imaging revealed an
enhancing intramedullary lesion of the spinal cord at C-1
but no evidence of subarachnoid lesions (Fig. 3). Several
intracranial parenchymal calcifications, consistent with
NCC, were present. Because of her mild and stable symp-
toms, she was treated with a course of dexamethasone and
closely observed. Her neurologica status gradualy im-
proved over several months. Without further treatment,
she eventualy returned to normal activities during the
5-year follow-up period.

Case 6

This 80-year-old Hispanic man presented with a sever-
al-month history of upper thoracic back pain that was
severely exacerbated by coughing. Subsequently, he de-
veloped progressive difficulty with ambulation, but there
was no evidence of significant lower-extremity sensory
abnormality or bowel/bladder dysfunction. Physical ex-

Fig. 3. Case 5. Sagitta (left) and axid (right)

T,-weighted con-
trast-enhanced MR images revedling an intramedlullary lesion at
C-1 and no other visible masses.
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amination revealed full power in the lower extremities,
a T-5 sensory level, and diffuse lower-extremity hyper-
reflexia with a spastic gait. An MR imaging study re-
vealed multiple intradural, extramedullary cystic struc-
tures displacing the spinal cord anteriorly at the T4-5 and
T7-9 levels (Fig. 4 upper left, upper right, and center).
There was no significant contrast enhancement noted. The
patient subsequently underwent T4-5 and T7-9 laminec-
tomies and endoscopically assisted resection of six dis-
tinct cystic masses that were easily separated from sur-
rounding arachnoidal adhesions. Pathological evaluation
of the cysts showed proteinaceous fluid consistent with
spinal cysticercosis. Postoperatively the patient improved
clinically. Repeated serial MR imaging revealed success-
ful decompression of the spinal cord, and the patient expe-
rienced no recurrence of symptoms during the 18-month
follow-up period (Fig. 4 lower left and lower right).

DISCUSSION

Cysticercosisinfestation of the CNS was first described
in humans in 1550 by Paranoli.’* The parasitic nature
of the pork tapeworm, Taenia soleum, was recognized in
the latter part of the 19th century by Leuckart and Ki-
chenmeister.’® The life cycle is well known: pigs are the
intermediate host and humans are the definitive (or oc-
casionally intermediate) host.1#1%2227 Neurocysticercosis
typically results from ingestion of cysticercal eggsin food
contaminated by human or porcine feces. Gastric acid
releases the larvae from the eggs, which penetrate the in-
testinal mucosa and gain access to the bloodstream, where
most frequently they migrate to muscle, brain, and the
eyes.1*16 Dissemination in the CNS occurs through small
capillaries into the parenchyma or through the choroid
plexus into the ventricles, eventually leading to the sub-
arachnoid space. The signs and symptoms related to the
CNS are usually secondary to mass effect, the inflamma-
tory reaction causing arachnoiditis and basa meningitis,
or obstruction of the subarachnoid pathways of the ventri-
Cular syaerr1_1,14,16,18,24

Cysticercosis is widely endemic in Mexico, Latin
America, tropical Africa, India, and Southeast Asia.1#162
As indicated by autopsy findings, the incidence in these
regions can be as high as 4% of the general population;°#
however, in more recent reports from Brazil, as many as
7.3% of hospital admissions were shown to be related to
NCC.% In the United States, the first case of NCC was
reported by Walter Dandy in 1927, and there have been
more frequent reports of NCC in the Southwestern United
States in recent years.>1122242 M cCormick™ reported that
only 14 cases of NCC were treated at L os Angeles County
Hospital between 1918 and 1965, but that 59 NCC-relat-
ed admissions were treated between 1978 and 1979. De-
spite an increasing number of NCC cases overall, the
number of spinal NCC cases remains very low.132224

Epidemiology of Spinal Neurocysticercosis

Spinal NCC israre compared with intracranial NCC in-
volving the brain, basal cisterns, and ventricles. Despite
the widespread incidence of NCC in endemic areas, there
have been fewer than 200 cases of spinal NCC reported in
theworld literature.>#613 In 1963, Canelas, et ., report-
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Fig. 4. Sagittal T,- (upper left) and T,-weighted (upper right)
MR images demonstrating multiple cystic structures at T4-5 and
T8-9 posterior to the spinal cord over multiple thoracic segments.
Center: Axia T,-weighted MR revedling a large posterior cyst
with compression and anterior displacement of the spinal cord at
T4-5. One-year postoperative sagittal T,-weighted (lower left) and
T,-weighted (lower right) MR images demonstrating decompres-
sion of the spinal cord.
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ed a 2.7% incidence of spina NCC in 296 cases of NCC.
Since that time, others have suggested that the incidence
of spina NCC is as high as 20%; however, an incidence
of 1.5 to 3% is most often reported.34102223

Spinal NCC occursin patients with an established diag-
nosis of intracranial NCC in approximately 75% of the
cases, and isolated cases of spinal NCC are thought to be
uncommon.*8” The availahility aswell asimproved diag-
nostic capacity of MR imaging in detecting spinal lesions
may eventually indicate that the incidence of spinal NCC
is significantly higher than is currently reported, but this
has not been established. Some authors have considered
the autopsy incidence of spina NCC to be an underesti-
mate of the true incidence because the spinal cana is not
usually examined pathologically and small asymptomatic
cysticercal cysts may be easily overlooked.3%°

Subarachnoid and I ntramedullary Spinal
Neurocysticercosis

Similar to intracranial NCC, spinal NCC lesions can oc-
cur in either the subarachnoid space or parenchyma of the
spinal cord. Subarachnoid location of spinal NCC occurs
most frequently*1%2° in approximately 80% of casesandis
thought to result from larval migration through the ventri-
cular system into the spinal subarachnoid space.3%°
Intramedullary spinal NCC occurs less frequently in the
remaining 20% of cases, however, more cases have re-
cently been reported.5°* An intramedullary location is
considered to result from direct hemopoietic spread sim-
ilar to that which occurs in parenchymal intracranial
NCC.®® Extradural spinal NCC is considered exceeding-
ly rare,® although there have been recent reports of such
lesions.*?

Although there is a high incidence of intracranial NCC
lesions, it isunclear why spinal NCC lesions are not found
more often. The infrequency of spinal NCC lesions has
been considered to be related to CSF reflux at the cra-
niovertebral junction, which propels floating cysts back
into the intracranial space rather than the spinal canal.
Despite these theories, the distribution of NCC occurs
equaly throughout the spinal canal.* Although cerebral
NCC is related to regional blood flow, intramedullary
spinal lesionsare not clearly related to regional blood flow
in the spinal cord. If blood flow was the sole factor in
distribution, the expected relative incidence of intramed-
ullary spinal NCC would be 10-15%. The discrepancy be-
tween the expected distribution due to blood flow and re-
ported distribution of NCC lesions remains unexplained.

It is important to understand that the location of a
subarachnoid spinal cysticercal cyst is not necessarily
fixed; migration of the cyst has been demonstrated during
myelographic procedures’ similar to that within the ven-
tricle.>"1% Evidence that NCC cyst migration occurs only
underscores the importance of timing between neuroim-
aging and excision; it is necessary to ensure that the lesion
will be within the planned surgical field.

Signs and Symptoms

Spinal NCC—related symptoms may depend on several
factorsincluding: 1) location (that is, intramedullary com-
pared with subarachnoid); 2) spinal level; 3) lesion size;
and 4) the presence (or absence) of inflammation and
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arachnoid scarring due to cyst degeneration. The most
common clinical signs are myelopathy and progressive
weakness, induced by spina cord and/or cauda equina
compression.?* Small intramedullary lesions often be-
come symptomatic early, whereas extramedullary lesions
may become very large and exhibit relatively late and in-
sidious onset of symptoms. This may be particularly true
in the lumbar cistern, where these lesions may become
quite large before cauda equina symptoms occur, as oc-
curred in our Case 1. The inflammatory process that oc-
curs when the parasite dies may be the most problematic
mechanism of symptom generation, whereaslive cystsare
thought to cause less inflammation and may be more suc-
cessfully treated by excision.8101°

Diagnostic Evaluation

Magnetic resonance imaging is the diagnostic study of
choice for evaluating spinal NCC because it provides non-
invasive multiplanar images of a large area of the spina
cord, cauda equina, and any potentia intraspina patho-
logical entity. On T -weighted MR images the cyst wall
but not the cyst itsalf can be demonstrated because the
contents are often isointense to CSF.26% Magnetic reso-
nance imaging with T_-weighted sequences is particularly
useful in demonstrating these lesions; their signal intensi-
ty is increased within the cyst presumably because of a
higher protein content. Additionally T_-weighted MR im-
aging can also demonstrate pericystic edema in the spinal
cord parenchyma.’02628 Qccasionally the actual scolex is
visualized on MR images as a mural nodule.**?® Myelog-
raphy and postmyelography CT can be useful for detect-
ing small subarachnoid spina NCC lesions;*61317 how-
ever, myelography may have limited value when there is
arachnoidal scarring and obstruction of CSF pathways.
Computerized tomography is better than MR imaging for
visualizing calcifications associated with degenerated
NCC cysts, but thisis much more pertinent to brain paren-
chymal disease than the spinal form.

Serologica studies are highly sensitive and specific for
confirming the diagnosis of NCC. Rosas™ has reported
that in using the enzyme-linked immunosorbent assay, the
sensitivity is 87% and the specificity is 97% for CSF,
whereas in serological studies the sensitivity is only 50%
and the specificity is only 70%.

Management of Spinal Neurocysticercosis

In the treatment of brain and meningeal NCC, the indi-
cations and efficacy of medical therapy with praziquantel
or abendazole continue to evolve. Some authors have re-
ported improved outcome when the af orementioned med-
ical therapy was compared with steroid therapy alone.®
Parenchymal NCC is considered to be most responsive to
pharmacological intervention;® the efficacy remains
unclear when treating subarachnoid, cisternal, or intraven-
tricular cysticercosis.®181926 Albendazole may be more
effective than praziquantel;1®1%% however, limited study
controls and heterogeneity of patient groups make out-
comes difficult to interpret. Garg, et al.,® reported two pa-
tients with intramedullary NCC in whom improvement
was related to albendazole: in one case the patient re-
gained the ability to walk independently and in the other
the patient was able to stand independently.



The inflammatory reaction associated with cyst degen-
eration in the brain may cause increased intracranial pres-
sure due to obstruction of subarachnoid pathways.**? If
medical therapy does indeed cause increased inflamma-
tion leading to clinical deterioration asthe NCC cystsdie,
then spinal NCC may require surgical therapy as a first-
line treatment because of the confines of the spinal canal.
Steroid therapy may améiorate this by reducing the in-
flammatory response. Some authors have recommended
prescribing medical therapy in al patients with NCC
because the infection is systemic with repeated focal man-
ifestations.>?3 |In patients with localized disease and in-
flammation-induced symptoms/signs, steroid therapy
alone may be adequate treatment, as it wasin our Case 5.
For these reasons, medical treatment of spinal NCC ap-
pearsto be aless viable option because patients with these
lesions often present with progressive neurologica defi-
cits requiring prompt surgical treatment, as was evident in
our cases.

Surgical Therapy

Surgical treatment is indicated in cases of spinal NCC
in which patients experience severe and progressive neu-
rological dysfunction regardless of whether medical ther-
apy has been attempted. Excision of extramedullary
lesions is often difficult because of the arachnoidal scar-
ring secondary to cyst degeneration, but sharp dissection,
gentle irrigation, and Valsalva maneuvers may assist in
extirpating adherent cysts.*#'2* The inflammatory pro-
cess may be so severe that visualization and localization
require ultrasonography to assist in excision,*?* and some
cysts cannot be readily or completely resected because of
this inflammatory response and their adherence to the
spinal cord.*?* Subarachnoid scarring-induced CSF flow
obstruction can cause part or dl of the symptoms; it must
be treated with duraplasty to reestablish CSF flow, which
was required in our Case 3. Although resection of in-
tramedullary cysts has the inherent risks associated with
surgical treatment of the spinal cord, it is similarly indi-
cated in patients with progressive neurological deteriora-
tion. Excision of intramedullary NCC lesions has been
described as being possible after myelotomy or requiring
microsurgical dissection from the parenchyma prior to
removal .3

Clinical Outcomes of Spinal Neurocysticercosis

Outcomesin patients with spinal NCC are related to the
following factors: 1) location (that is, intramedullary or
extramedullary; cauda equinaor spina cord levels); 2) the
severity of inflammation (arachnoid scarring or parenchy-
mal injury); and 3) chronicity of symptomg/time to treat-
ment. Patients with intramedullary spinal NCC lesions
appear to experience poorer outcomes, which is ascribed
to both the intrinsic injury and the inflammatory injuries
associated with cyst degeneration.?*3152° Acute neurolog-
ical deterioration secondary to mass effect is often re-
solved after prompt excision of thelesion, asillustrated by
the results obtained in our Cases 1 and 2, but patients with
chronic arachnoidal scarring or spina cord inflammation
may suffer poorer outcomes, as was the case in two of our
patients (Cases 3 and 4), despite surgica intervention.?*
Patients with NCC-induced extrinsic spina cord and
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cauda equina compression in the absence of severe arach-
noidal scarring appear to have better outcomes than those
with intramedullary lesions, as illustrated in Case 6. Re-
porting small series, severa authors have indicated that
patients who suffer rapid subarachnoid cyst—induced dete-
rioration may improve and return to full activity, but near-
ly 50% experience some continued or recurrent symptoms
attributed to arachnoidal inflammation.**

CONCLUSIONS

Spinal NCC is very rare compared with intracranial
NCC, which has a relatively high incidence in endemic
regions of the world. Spinal NCC should be considered
in the differential diagnosis in high-risk populations in
which patients present with new symptoms suggestive of
a spina mass lesion. Subarachnoid spinal NCC occursin
80% of cases, and 20% are intramedullary lesions. Signs
and symptoms may include myelopathy, radiculopathy,
or cauda equina syndrome, depending on location of the
cyst. The inflammatory arachnoiditis resulting from cyst
degeneration may severely limit recovery despite success-
ful excision of the lesion. Medical therapy may be consid-
ered in patients with stable symptoms but is unlikely to
dleviate acute and progressive spinal NCC symptoms,
which should be addressed surgically.

Acknowledgment

The authors would like to thank Ms. Samantha Phu for her assis-
tance in preparing this manuscript.

References

1. Apuzzo MLJ, Dobkin WR, Zee CS, et a: Surgical considera-
tions in treatment of intraventricular cysticercosis. An anaysis
of 45 cases. J Neurosurg 60:400-407, 1984
2. Cabieses F, Vdlenas M, Landa R: Cysticercosis of the spinal
cord. J Neurosurg 16:337-341, 1959
3. Candlas HM, Ricciardi-Cruz O, Escalante OAD: Cysticercosis
of the nervous system: lessfrequent clinical forms. Arg Neuro-
psiquiatr 21:77-86, 1963
4. Colli BO, Assirati Junior JA, Machado HR, et a: Cysticercosis
of the central nervous system 1. Spinal cysticercosis. Arq Neu-
ropsiquiatr 52:187-199, 1994
5. Garg RK, Nag D: Intramedullary spinal cysticercosis: response
to albendazole: case reports and review of literature. Spinal
Cord 36:67-70, 1998
6. Isidro-Llorens A, Dachs F, Vida J, et a: Spina cysticercosis.
Case report and review. Paraplegia 31:128-130, 1993
7. Kim KS, Weinberg PE: Spinal cysticercosis. Surg Neurol 24:
80-82, 1985
8. Kim SK, Wang KC, Paek SH, et a: Outcomes of medical treat-
ment of neurocysticercosis: astudy of 65 casesin Chegju Island,
Korea. Surg Neurol 52:563-569, 1999
9. Kishore L: Intramedullary spinal cord cysticercosis—a case re-
port and literature review. Indian J Pathol Microbiol 34:
219221, 1991
10. Martinez HR, Rangel-Guerra R, Arredondo-Estrada JH, et a:
Medical and surgical treatment in neurocysticercosis a magnet-
ic resonance study of 161 cases. J Neurol Sci 130:25-34, 1995
11. McCormick GF, Zee CS, Heiden J. Cysticercosis cerebri. Re-
view of 127 cases. Arch Neurol 39:534-539, 1982
12. Mohanty A, Das S, Kalluri VR, et a: Spina extradural cysticer-
cosis. a case report. Spinal Cord 36:285-287, 1998

Neurosurg. Focus/ Volume 12 / June, 2002



Spinal neurocysticercosis

13.
14.

15.

16.

17.
18.

10.

20.

21.

Mohanty A, Venkatrama SK, Das S, et al: Spinal intramedullary
cysticercosis. Neurosur gery 40:82-87, 1997

Nash TE, Neva FA: Recent advancesin the diagnosis and treat-
ment of cerebral cysticercosis. N Engl J Med 31114921496,
1984

Natargjan M, Ramasubramanian KR, Muthu AK: Intramed-
ullary cysticercosis of spinal cord. Surg Neurol Sep:157-158,
1976

Olivé JI, Angulo-Rivero P: Panel discussion. Cystercosis of the
nervous system. |. Introduction and general aspects. J Neuro-
surg 19:632-634, 1962

Palasis S, Drevelengas A: Extramedullary spinal cysticercosis.
Eur J Radiol 12:216-218, 1991

Proano JV, Madrazo |, Avelar F, et a: Medical treatment for
neurocysticercosis characterized by giant subarachnoid cysts. N
Engl J Med 345:879-885, 2001

Proano JV, Madrazo |, Garcia L, et a: Albendazole and prazi-
quantel trestment in neurocysticercosis of the fourth ventricle.
J Neurosurg 87:29-33, 1997

Quieroz LDS, Filho AP, Cdlegaro D, et d: Intramedullary cys-
ticercosis: case report, literature review and comments on path-
ogenesis. J Neurol Sci 26:61-70, 1975

Rosas N, Sotelo J, Nieto D: ELISA in the diagnosis of neuro-
cysticercosis. Arch Neurol 43:353-356, 1986

Neurosurg. Focus/ Volume 12 / June, 2002

22.
23.

24.
25.

26.
27.

28.

Scharf D: Neurocysticercosis. Two hundred thirty-eight cases
from a California hospital. Arch Neurol 45:777-780, 1988
Sotelo J, Guerrero V, Rubio F: Neurocysticercosis: a new clas-
sification based on active and inactive forms. A study of 753
cases. Arch Intern Med 145:442-445, 1985

Stern WE: Neurosurgical considerations of cysticercosis of the
central nervous system. J Neur osur g 55:382—-389, 1981
Takayanagui OM, Jardim E: Therapy for neurocysticercosis.
Comparison between albendazole and praziquantel. Arch Neu-
rol 49:290-294, 1992

Teitelbaum GP, Otto RJ, Lin M, et a: MR imaging of neurocys-
ticercosis. AJR 153:857-866, 1989

Weatherly NF: Medical helminthology, in Joklik WK, Willett
HP, Amos DB, et d. (eds): Zinsser Microbiology, ed 19. Nor-
walk, CT: Appleton & Lange, 1988, pp 970-996

Zee CS, Segall HD, Boswell W, et d: MR imaging of neuro-

cysticercosis. J Comput Assist Tomogr 12:927-934, 1988

Manuscript received April 30, 2002.

Accepted in final form May 17, 2002.

Address reprint requests to: J. Patrick Johnson, M.D., Cedars-
Sinal Ingtitute for Spinal Disorders, 444 South San Vicente Boule-
vard, Suite 800, Los Angeles, California 90048. email: johnsonjp
@cshs.org.



