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Abstract Neurocysticercosis is an important cause of sei-
zures worldwide and is endemic in most of Latin America,
Sub-Saharan Africa, Southeast Asia, India, and China.
Neurocysticercosis has profoundly different disease manifes-
tations varying from asymptomatic presentation to life-
threatening hydrocephalus. Clinical manifestations, pathogen-
esis, diagnostic methods, and optimal treatment vary with the
location, number of lesions, and host response. Diagnosis is
based on a combination of clinical presentation, neuroimaging
findings, history of exposure, and serologic testing. Initial
therapy should be focused on symptom management includ-
ing seizure control and management of increased intracranial
pressure. Emerging data are demonstrating that the optimal
management approach varies with stage. Single enhancing
or cystic lesions should be treated with albendazole and ste-
roids. Patients with more than two cystic lesions should be
treated with combination therapy with albendazole and
praziquantel, whereas patients with hydrocephalus benefit
from surgical management, especially with minimally inva-
sive approaches.
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Introduction

Neurocysticercosis (NCC), the nervous system infection by
the larval stage of the pork worm Taenia solium, is endemic
in many low-income countries and is a frequent cause of sei-
zures worldwide. T solium is endemic in most Latin American
countries, Sub-Saharan Africa, Southeast Asia, India, and
China [1, 2]. In endemic regions, it is an important cause of
seizures, disability, and neurologic hospital admissions.
Approximately, 29 % percent of patients with seizures in en-
demic countries are due to NCC [3]. The disease affects most-
ly immigrant population in the USA where there are over 2000
cases diagnosed each year [4ee, 5e¢].

Humans are the only definitive host for the adult tapeworm,
and both pigs and humans can carry the larval form. 7° solium
tapeworms develop when the larval cysts are ingested with
contaminated pork. The scolex contained within the cystic
lesion evaginates and attaches to the intestinal wall and pro-
duces segments that grow into the tapeworm. Tapeworm seg-
ments (proglottids) and fertile eggs are excreted into the envi-
ronment in feces. Pigs can ingest infected stool or progrottids
after which the eggs release embryos, which cross intestinal
mucosa into the bloodstream, and are carried to peripheral
tissues including the brain where they become cysticerci.
Human cysticercosis is acquired from a tapeworm carrier,
usually a household contact.

Clinical Manifestations and Staging

The clinical presentation of NCC is variable depending on
the localization of lesions, stage of the parasite (viable,
degenerating, calcified), and the host response. The presenta-
tion can vary from asymptomatic infection to life-threatening
intracranial hypertension. The most common presentations are
seizures, increased intracranial pressure, and headache. Other
less common neurologic manifestations include
radiculopathies, strokes, visual changes, mass lesions, altered
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mental status, and meningitis. The clinical evaluation should
include a thorough history, physical exam, and epidemiology,
including travel history. Cysticercosis typically has a latent
period of a few years so distant travel history should be in-
cluded. Patients should be asked about contact with pork-
raising areas among family members, access to safe water
and sanitation, and known contact with tapeworm carriers.

In patients from endemic areas with a classical presentation
of seizures and a typical single lesion on imaging, the diagno-
sis can be made on clinical grounds. In cases where diagnosis
is less certain, additional diagnostic tools can be used.
Definitive histologic diagnosis is rarely made and brain biopsy
is warranted only when the diagnosis cannot be made with
non-invasive testing.

Neurocysticercosis is pleomorphic with different forms de-
fined by the appearance of the organism (cystic versus calci-
fied), the location, and the host response [6]. The differences
are so profound that neurocysticercosis should be thought of
as a group of diseases caused by a single organism, 7. solium
(Table 1). The main clinical manifestations, pathogenesis, di-
agnostic methods, and optimal treatment vary with the loca-
tion, number of cysticerci, and the host response.

Single Enhancing Lesions

The most common presentation in hospital-based series
from the USA and India is with seizures and a single
enhancing lesion [7-9]. This form of disease is sometimes
referred to as solitary cysticercal granuloma. Patients gen-
erally present with one or more seizures. The seizures are
often focal with secondary generalization, but may be de-
scribed as either focal or generalized. On CT scan, the
lesions may be cystic or focal areas of enhancement with
surrounding edema. Cases can be diagnosed based on
clinical and neuroradiologic appearance [10]. Clinically,
the patients present with seizures, without focal findings
on physical examination, and with no symptoms or signs
of other diseases. For example, fever, hilar or cervical

adenopathy, or weight loss would suggest an alternative
diagnosis. On neuroimaging, the lesions are round lesions,
less than 20 mm in diameter, with no midline shift.

Viable Parenchymal Cysticerci

Studies suggest that cystic lesions with cyst fluid isodense
with CSF are usually viable and this neuroradiologic finding
is typically used to define viable parenchymal cysticerci. This
is the most common presentation in hospital-based series from
Latin America. Patients usually present with seizures, often
more than a single episode. On neuroimaging studies, patients
present with one or more cystic lesions often associated with
some degree of contrast enhancement and surrounding edema.

Calcified Parenchymal Cysticercosis

The most common abnormality on imaging studies done on
inhabitants of endemic villages is calcified lesions [11]. Most
of those with calcified lesions are asymptomatic. However, a
substantial proportion of patients have recurrent seizures and
chronic epilepsy [12]. Seizures are accompanied by
perilesional edema or enhancement in about half of cases
[13], which is thought to be caused by breakdown of the
granuloma releasing parasite antigen.

Ventricular Neurocysticercosis

About 10-20 % of cases of neurocysticercosis in hospital-
based series present with cysticerci in the ventricles [14].
The most common presentations include chronic headaches
and/or symptoms of obstructive hydrocephalus. In some
cases, patients can present with abrupt or intermittent symp-
toms of obstructive hydrocephalus (Bruns’ syndrome).
Untreated, this form is associated with a high case fatality rate.

Table 1 Clinical forms of

neurocysticercosis Form

Main manifestation

Parenchymal
Single enhancing lesion
Viable parenchymal cysts

Calcified parenchymal lesions + edema

Extraparenchymal
Ventricular cysticerci
Subarachnoid cysticerci
Spinal cysticercosis
Ocular

Seizures
Seizures

Seizures

Obstructive hydrocephalus

Communicating hydrocephalus, meningitis, stroke
Radiculopathy

Vision changes
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Subarachnoid Neurocysticercosis

The term refers to neurocysticercosis that involves the sub-
arachnoid space of the basilar cisterns and/or Sylvian fissures.
Patients typically present with multiple cysticerci, often also
with cysticerci in the brain parenchyma (viable or calcified) or
ventricles. This form of neurocysticercosis is unusual but, due
to its severity, is an important clinical problem. The clinical
manifestations are also quite broad. Patients may present with
headaches, meningeal signs, hydrocephalus, or focal neuro-
logic findings. Patients may have seizures from associated
parenchymal lesions or obstructive hydrocephalus from ven-
tricular cysticerci. Cysticerci in the basilar cisterns are also
frequently associated with involvement of the spinal sub-
arachnoid space, which may or may not be symptomatic.

Spinal Neurocysticercosis

Neurocysticercosis of the spine is usually found in the sub-
arachnoid space, but can also involve the spinal medulla [15,
16]. When spinal MRI is performed on patients with subarach-
noid neurocysticercosis, there is a high frequency of asymp-
tomatic involvement [15]. Symptoms may include radicular
pain or myelopathy.

Ocular Disease

Cysticerci may also involve the orbits or eye [17, 18].
Involvement of the orbital muscles may lead to ocular palsies.
Subconjunctival cysts may be visible on the surface of the eye.
Ocular involvement may include cysticerci in the anterior
chamber, vitreous, or subretinal location. All are associated
with decreased visual acuity.

Diagnosis

Diagnosis of cysticercosis can be difficult. The parasite can
occasionally be identified by direct visualization in the eye,
but most cases depend on a combination of neuroimaging
findings, history of exposure, and serologic confirmation [6].

Risk Factors

The accuracy of diagnostic tests depends on the prior proba-
bility of disease. Most US clinicians limit questioning of risk
to country of origin. However, the risk is not uniform in all
regions of endemic countries. For example, in Peru, transmis-
sion primarily occurs in rural, pig-raising areas. By contrast,
most cases in Lima are linked to immigration to the city from

rural communities [19]. Similarly, most US cases have had
contact with pig-raising areas of rural Latin America [20].
While neurocysticercosis has been described among travelers,
nearly all cases have had prolonged exposure to rural areas
[21]. Thus, residence in endemic regions rather than exposure
is the real risk factor.

Neuroimaging

Neurocysticercosis is usually initially suggested from neuro-
imaging studies. Most patients presenting to US hospitals with
neurologic findings usually undergo non-contrast CT scans.
Non-contrast CT scans are a sensitive method for detecting
calcified or intraparenchymal cystic lesions, but they usually
miss subarachnoid or intraventricular involvement. MRI is
also more sensitive for small lesions, subarachnoid or intra-
ventricular lesions, visualization of the scolex, and demonstra-
tion of edema or enhancements surrounding calcified lesions.
However, MRI is not sensitive for demonstration of calcified
lesions. Thus, it is preferable that both modalities be used for
staging. Viable cysts are seen as small round lesions, with cyst
fluid usually isodense with cerebrospinal fluid. On high-
resolution CT or MRI, the scolex may appear as a nodule
attached to the cyst wall. The scolex is typically 1-2 mm in
diameter. It appears as slightly more dense than brain paren-
chyma on CT or MRI T1 sequences. Definitive demonstration
of a scolex within a cysticercus is thought to be diagnostic of
neurocysticercosis. Degenerating cysts are seen as poorly de-
fined lesions with surrounding edema and can have ring en-
hancement. Calcified cysticerci are seen as hyperdense nod-
ules on CT scans. The nodules are usually 1-10 mm in diam-
eter and solid. Diffusion weighted images improve visualiza-
tion of the scolex which may not be visible in regular MRI
imaging or CT scans [21].

Subarachnoid cysticerci within sulci behave as parenchy-
mal cysts and can present with similar findings. Cystic lesions
within Sylvian fissures or basal CSF cisterns can grow and
create a mass effect. Subarachnoid NCC can be associated
with increased intracranial pressure through the occlusion of
ventricular foramina (by cystic lesions or from host inflamma-
tory proteins), CSF outflow obstruction, or through mass
effect.

Recent data have highlighted the role of newer MRI se-
quences. Fluid Attenuation Inversion Recovery (FLAIR) aug-
ments identification of arcas of edema. It also can improve
visualization of the scolex. Three-dimensional imaging se-
quences such as (Fast Imaging Employing Steady-state
Acquisition (FIESTA), Spoiled Gradient Recalled Echo
(SPGR), and constructive interference in steady state (3D
CISS) improve sensitivity for detection of intraventricular
and subarachnoid lesions [22-24].
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Serology

Serologic testing can be an important aid when diagnosis is
uncertain with clinical findings and radiologic imaging.
Enzyme-linked immunoelectrotransfer blot (EITB) assay
which detects antibodies to 7. solium in serum through lentil
lectin purified glycoprotein antigens is the test of choice for
antibody detection. Sensitivity is excellent for patients with
two or more cystic parasites in the nervous system.
However, the sensitivity of EITB in patients with one lesion
is only 50-60 % so can allow for false negatives in patients
with neurocysticercosis. The specificity is high for 7. solium
infection. However, in endemic regions, results can be posi-
tive from muscular or subcutaneous involvement and rare
false-positive results have been reported in those with no his-
tory of exposure [25]. ELISA assays for detection of antibody
are widely available, but due to poor sensitivity and specific-
ity, most experts do not recommend them [26].

A number of assays have been developed that employ
monoclonal antibodies to detect Taenia antigens [27, 28].
While less sensitive than antibody assays, specificity is report-
ed to be high. Serum antigen testing is positive in the serum of
patients with viable parasitic tissue, but can be negative in
patients with few live cysts. An advantage of this test is that
levels decrease rapidly after antiparasitic treatment and may
help detect a response to treatment [29, 30].

Management

There are important roles for neurosurgery, anti-inflammatory
drugs, anti-epileptic drugs, and antiparasitic drugs in the man-
agement of neurocysticercosis. 7' solium does not usually pro-
liferate in the human host and most symptoms result from the
host response rather than infection per se [31, 32]. Thus, anti-
parasitic therapy is never an emergency and should generally
be deferred until patients are stabilized. Instead, the initial
focus of therapy should be on symptomatic therapy. For pa-
tients with seizures, the initial focus should be on controlling
seizures with anti-epileptic drugs (Table 2). For patients with
elevated intracranial pressure, the focus should be on identi-
fying the cause and treating the increased pressure. In the case
of diffuse cerebral edema or mass effect from edema sur-
rounding a large cysticercus, corticosteroids are the mainstay
of initial therapy. By contrast, hydrocephalus usually requires
surgical management for either removal of a cysticercus caus-
ing obstruction or by CSF diversion.

Since management strategies depend on disease classifica-
tion and involvement, appropriate classification of disease and
staging is an important step of initial management.
Parenchymal lesions causing seizures respond well to antiep-
ileptics; however, antiparasitic therapy has shown a role in
reducing seizure recurrence. For extraparenchymal
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Table 2 Clinical pearls on management of neurocysticercosis

Initial management should focus on symptomatic therapy:

* Anti-epileptic drugs for seizures

* Corticosteroids for inflammation

* Surgery (Cyst extraction or CSF diversion) for hydrocephalus
Antiparasitic therapy is never an emergency

Antiparasitic drugs are contraindicated in the setting of uncontrolled
increased intracranial pressure

Antiparasitic drugs should be deferred until after surgical interventions
(cyst removal or CSF diversion)

Optimal antiparasitic therapy varies by the form of disease and number of
cysticerci

manifestations, it is important to manage intracranial hyper-
tension. Overall management can include a range of symptom
management with antiepileptics, antiparasitic therapy, cortico-
steroids, and occasionally surgery.

Single Enhancing Lesions due to Cysticercosis

Patients with single enhancing lesions usually present with
seizures and should be treated with anti-epileptic drugs.
However, with just anti-epileptic drugs, there is a 16 % rate
of recurrent seizures while on anti-epileptic drugs and another
15 % developed seizures after withdrawal of anti-epileptic
drugs [33]. However, there is no added benefit of continuing
antiparasitic drugs beyond 6 months unless there is residual
parasite material or calcifications [34]. Recent meta-analyses
of placebo-controlled trials support the use of albendazole
combined with steroids to decrease seizure recurrence and
hasten lesion resolution [35, 36]. Albendazole is typically
dosed at 15 mg/kg per day in two daily doses up to 1200 mg
per day and continued for 1-2 weeks [37]. The choice of dose
and duration of corticosteroids is not well studied, but could
include a regimen such as 1 mg/kg of prednisone beginning a
day before initiation of albendazole and continuing through-
out the course.

Viable Parenchymal Cysticerci

In the past, there was considerable controversy on the role of
antiparasitic drugs for viable parenchymal cysticerci.
However, two placebo-controlled trials have now demonstrat-
ed unequivocally improved radiologic resolution with
albendazole therapy [38, 39]. In addition, both studies dem-
onstrated a reduction in the number of seizures in those treated
with albendazole (15 mg/kg/day for 7-10 days) that was not
statistically significant, but a significant reduction in general-
ized seizures [38, 40]. While the response to albendazole
monotherapy was better than placebo, the response rates
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remained poor in those with multiple lesions. Serum levels of
albendazole sulfoxide (the active metabolite of albendazole)
are variable, but levels are higher and more consistent when
the two drugs are combined [41]. Two recent studies have
examined the effect of combination therapy with albendazole
and praziquantel on parasiticidal efficacy. Both studies dem-
onstrated improved cysticidal activity, primarily in those with
more than two cysticerci [42¢e, 43¢]. Thus, combination ther-
apy is preferred for those with more than two lesions.

Anti-inflammatory drugs are recommended along
with antiparasitic drugs in the treatment of viable paren-
chymal cysticerci. A recent study suggested that doses
may need to be increased (for example 8 mg/d of dexa-
methasone) and prolonged (for 28 days followed by a
taper) to optimally prevent seizure recurrence [44e].
However, the optimal drug, dose, and duration have
yet to be defined.

There are also limited data on optimal anti-epileptic
drugs in the setting of viable parenchymal cysticerci
[34, 45]. Generally, drug recommendations are similar
to recommendations for patients with chronic epilepsy.
There are clearly drug interactions between some of the
common anti-epileptic drugs such as phenytoin and car-
bamazepine and antiparasitic drugs. There are limited
data on which patients may safely be tapered off anti-
epileptic drugs. However, persistent lesions or calcifica-
tions on imaging studies are associated with seizure re-
currence [46].

Calcified Parenchymal Neurocysticercosis

Calcified lesions from cysticercosis are often associated with
ongoing inflammation [47, 48], but do not contain viable par-
asites. Thus, there is no reason to treat them with antiparasitic
drugs. In many cases, there is evidence of perilesional edema.
Some have treated patients with perilesional edema with anti-
inflammatory drugs. However, a recent study suggested that
corticosteroid withdrawal may actually precipitate clinical
symptoms [49]. Thus, corticosteroids should generally be
avoided in these cases.

Recent studies have highlighted that calcified lesions can
be associated with hippocampal sclerosis and/or refractory
epilepsy [50-52]. There are anecdotes of improvement with
removal of the epileptic focus. However, the focus does not
always correlate with calcified lesions on CT.

Ventricular Neurocysticercosis
Patients with cysticerci in the cerebral ventricles often

present with obstructive hydrocephalus. While there are
small case series that reported favorable outcome with just

medical therapy, there are also reports of disastrous out-
comes [14]. Recent data have emphasized treatment with
minimally invasive surgery (neuroendoscopy) [14, 53, 54].
When cysticerci can be removed by neuroendoscopy, the
outcomes are generally favorable. Inflamed and adherent
cysts are more difficult to remove and are associated with
higher rates of complications. Thus, antiparasitic drugs
should not be used prior to neuroendoscopy. While there
are reports of successful removal of fourth ventricular cys-
ticerci by neuroendoscopy via a transaqueductal approach,
this approach poses risks for significant morbidity in inex-
perienced hands. The role of antiparasitic drugs after suc-
cessful removal of parasites is controversial. With the cur-
rent generation of MRI scans and improved imaging tech-
niques, the likelihood of benefit is small.

Subarachnoid Neurocysticercosis

Cysticercosis involving the subarachnoid space of the bas-
ilar cisterns carries a poor prognosis. In an older series of
patients treated with CSF diversion alone, most died with-
in 5 years [55]. In addition, most patients do not respond
to antiparasitic drug regimens developed for parenchymal
neurocysticercosis. In a placebo-controlled trial, there were
more deaths among patients with extraparenchymal disease
treated with placebo than with albendazole, although the
numbers were small and not statistically significant [39].
Proafio and colleagues demonstrated that patients with gi-
ant cysticerci (mostly in the basilar cisterns or Sylvian
fissure) seemed to have a better prognosis when treated
with multiple 1-month courses of antiparasitic drugs [56].
Most experts now recommend prolonged therapy typically
with albendazole [6]. However, based on studies demon-
strating improved parasitic activity, some experts now treat
patients with combination therapy with albendazole and
praziquantel.

Inflammation plays a key role in the pathogenesis of sub-
arachnoid neurocysticercosis. Thus, anti-inflammatory drugs
are a critical part of management. There are no good data on
the optimal choice of agent, dose, or duration of therapy. Most
authorities recommend continuing anti-inflammatory therapy
throughout the course of antiparasitic drugs, even with
prolonged therapy. Low-dose methotrexate has been used as
a steroid-sparing agent [57].

Other Management Issues
Cysticercosis of the retina or vitreous may worsen with
antiparasitic therapy. Thus, a fundoscopic examination

(ideally indirect fundoscopy with dilation of the pupil)
should be performed prior to institution of antiparasitic
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therapy. Prolonged courses of corticosteroids may also
increase the risks of tuberculosis and strongyloidiasis,
which are more prevalent in populations at risk for
neurocysticercosis.

Since neurocysticercosis is acquired from tapeworm car-
riers, some have advocated screening patients and their
close contacts for tapeworms. Overall, the yield of screen-
ing is very low. However, selected patients such as cases
acquired outside of endemic areas should be screened.
Stool microscopy only detects a minority of infections.
Copro-antigen tests and serologic tests for tapeworm-
stage antibodies are more sensitive, but are currently only
available in research laboratories.

Prevention

Garcia and colleagues recently demonstrated that it is possible
to eliminate transmission of 7. solium infection by the combi-
nation of mass treatment for tapeworm carriage, mass treat-
ment of pigs, and vaccination of pigs [58¢¢]. This study dem-
onstrates the feasibility of eradication of this important dis-
ease. However, we are unaware of any large-scale efforts to
apply this approach.

Conclusions

NCC includes a wide presentation of diseases. Diagnosis re-
quires clinical suspicion and is often made through the com-
bination of imaging, clinical manifestations and serologic
studies. Symptoms in NCC are a manifestation of host re-
sponse rather than active parasites, and initial treatment should
focus on symptom management such as seizure control, man-
agement of cerebral edema, and reduction of intracranial pres-
sure. When viable cysticerci are present, two placebo-
controlled studies have shown the benefit of albendazole in
reducing lesions on imaging, and have shown a reduction in
generalized seizures. Those with more than two lesions bene-
fit from combination therapy. There is limited data on optimal
duration of anti-epileptic drugs and optimal duration of anti-
inflammatory drugs.
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