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Abstract

Neurocysticercosis, a major cause of acquired seizures and epiilepsy, is caused by infection with
the larval cystic form of the tapeworm, 7aenia solium. CT and MRI imaging, development of
sensitive and specific diagnostic methods, and discovery of relatively effective anti-cestode drugs,
revolutionized knowledge of the burden of infection and disease and led to effective treatments.
Here we review the rationale of treatment, the essential role of inflammation in the genesis of
disease and its exacerbation as a result of anti-parasitic treatment, and limitations in the efficacy of
current anti-parasitic and anti-inflammatory treatments. The importance of “end stage” calcified
granulomas as foci of seizures and epilepsy with and without perilesional edema in endemic
populations has recently been recognized. New information indicates perilesional inflammation
around some calcified foci is associated with seizures and perilesional edema, which suggests that
anti-inflammatory treatments may play a role in controlling or preventing epilepsy in these
patients. Most importantly, neurocysticercosis is one of the few diseases that can be eradicated, an
accomplishment that would prevent millions of cases of epilepsy.

Keywords
Cysticercosis; neurocisticercosis; 7aenia soliun, seizures; albendazole; praziquantel

Introduction

Cysticercosis is an infection with the larval form of the pork tapeworm, 7aenia solium,
which resides in the small intestine of humans (see Box 1). Neurocysticercosis (NCC),
invasion of the nervous system, is a major cause of adult acquired epilepsy and other
neurological morbidity in many areas of the world (Figure 1).[1,2] Recent analyses
calculated that 29% of epilepsy in endemic regions world wide is consistently caused by
NCC, [3] a value that closely approximates estimates from Latin America.[4-7]
Determination of prevalence of infection and disease has been estimated in relatively few
regions and thus knowledge of the worldwide burden of disease is quite limited.[8] Overall,
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1.7 to 3 million persons are conservatively estimated to suffer from epilepsy due to NCC
worldwide.[9] Infections are common in Central and South America excluding Chile,
Uruguay and Argentina, parts of the Caribbean, notably Haiti, India, Indonesia, most of
Southeast Asia, part of China, many regions of non Muslim sub Saharan Africa, regions of
Eastern Europe and residual transmission in Spain.[10-15] Although transmission is absent
or rare in the US and most of Europe, NCC is still frequently diagnosed in migrant
populations from endemic areas.[16-19] Seizures are still the most common manifestation,
but a significant number present with complicated subarachnoid or ventricular disease
requiring costly, sophisticated and/or prolonged treatments.

Despite impressive gains in diagnosis and availability of antiparasitic treatments, large gaps
in both basic and practical knowledge about the parasite and host responses to it exist.
Factors hindering further advances are the lack of clinically appropriate model infections,
inability to maintain the life cycle experimentally, and the reliance on naturally infected
humans as a source of infectious ova. Rodent model infections using other cestodes are
useful but generally of limited usefulness. Even though pig infections are helpful, their
failure to develop seizures limits their usefulness. Therefore, the most appropriate study of
NCC is in humans. These studies are long and difficult, require sophisticated imaging and
special tests, large numbers of personal and therefore considerable resources, which
compared to other most other neglected diseases have not been forthcoming. It has been
relegated along with echinococcosis as neglected neglected parasitic infections.

The tapeworm carrier is the sole source of infection and is likely most at risk and prone to
high levels of exposure occasionally resulting in heavy infections including disseminated or
encephalitic neurocysticercosis and complicated disease.[20-22] Family members and close
contacts are also at considerable risk. Contamination of the environment, food and water as
a lower level of exposure could account for the high prevalence of single enhancing lesions
(SEL) in India.[23]

Symptomatic disease

Types of NCC, pathogenesis, evolution

After ingestion oncospheres are carried by the blood stream to various organs and lodge in
the small blood vessels where they may or may not develop into viable cysts. Viable cysts
form after 2-3 months. The distribution of cysts generally follows the distribution of blood
in the brain. Parenchymal cysts are most common and in heavy infections frequently locate
to the watershed areas between the white and gray matter. Why and how some cyst develop
into large subarachnoid or racemose cysts is unknown but may occur following some form
of degeneration and loss of growth inhibition. Cysts that lodge in the choroid plexus likely
give rise to ventricular cysts. When small and dislodged these can pass down the ventricular
system or become stuck and remain in the 4th ventricle, the most common location for
ventricular cysts.

Signs and symptoms of NCC are particularly diverse and depend upon the number, location,
growth, stage of degeneration and inflammation, host factors and parasite genotype.[2,24]
Parenchymal disease (within the brain tissue) and extraparenchymal involvement, most
commonly in the subarachnoid spaces, ventricles and spine, differ in a number of important
ways (Table 1). However, many patients have multiple disease states and processes. A
single patient may have multiple parenchymal cysts, some viable with little inflammation,
others in various stages of degeneration with different degrees of inflammation, calcified
lesions ventricular cysts, and hydrocephalus. To some degree the state of individual lesions
are independent.
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Most of the pathophysiology directly or indirectly results from acute or chronic
inflammation to degenerating cysts, membranes, cyst remnants and residual antigen.
Controlling inflammation is a cornerstone to limiting morbidity and mortality. Less
frequently encountered processes are mass effect and mechanical obstruction.[25] Many
patients present with complicated intra and extraparenchymal disease, multiple locations in
different stages of evolution and varying degrees of inflammation associated with each
lesion or area of involvement.[26] It is the most severe manifestation that dictates the initial
approach.

Presenting symptoms are variable and depend on the types of involvement and degree of
inflammation. A recent summary of a large number of publications revealed that 78.8% of
all patients presented with seizures, 37.9% headaches, 11.7% signs of intracranial
hypertension, 7.9 % meningitis, 2.8% cranial nerve palsies, 6% gait abnormalities, 16%
focal deficits, 5.6% visual changes, and 4.5% altered mental state.[27] Seizures are more
frequent between the second and fifth decades of life, and are most frequently generalized
tonic-clonic.[10] Children present with a single degenerating cyst, or massive infections,
more rarely calcifications and seldom with hydrocephalus or basal subrachnoid NCC.[28,29]

Parenchymal NCC

Parenchymal NCC most commonly presents with seizures, is relatively easy to treat, and
except in heavy infections it has a relatively good prognosis. Cysts go from viable to a
degenerating stage and then disappear or remain as a calcified scar.[30] (Figure 2).

Viable cysts—Viable non-degenerating cysts are not associated with evident
inflammation. For reasons that are unclear or as a consequence of treatment, viable or
developing cysts become recognized by the host initiating an intense inflammatory response
and a stepwise series of degenerative changes.[31]

Degenerating cysts—As inflammation increases, the cyst contents become opaque. A
granuloma forms around the cyst, first as a cellular infiltrate within the cyst and then fully
formed with an inner epithelioid cellular layer. Over time the cyst becomes more
disorganized with varying degrees of cyst remnants including recognizable cyst membranes
and/or membranous-like ribbons, characteristic calcareous corpuscles, and varying degree of
inflammatory reaction. Later, the granuloma decreases in size, becomes nodular instead of
cystic with varying amounts of enhancement and sometimes edema, which gradually resolve
with less propensity to cause seizures.[30,32]

Single enhancing lesions (SEL) are single degenerating cysts that usually present with
seizures. Although neither imaging nor serology define the etiology of these unless typical
cyst morphology is seen, studies in India, where this presentation is particularly common,
proved most were a degenerating cysticercus if the lesion was less than 20mm, did not have
gross edema with midline shift, no other cause was evident, and there was not subsequent
growth. SELs have a relatively good prognosis but recurrent seizures increase for lesions
that calcify and/or develop gliosis.[33-36]

Calcified cysts—Cysts become non visualizable and apparently resolve or the granuloma
and cyst contents may hyalinize. Most of them calcify as seen best by by CT imaging.[37] In
some cases intermittent flairs most likely of inflammation occur and are associated with
seizures.[38-40] The reason for this to occur is unknown but is likely a combination of
enhanced antigen accessibility to the host driving inflammation and/or loss of suppression of
the host cellular response for reasons that are unclear.[32,41,42] Development of gliosis,
almost certainly secondary to inflammation on the surrounding brain, increases the risk of
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epilepsy.[43,44] There are only a few documented descriptions of the pathology of
calcifications, mostly describing hyalinized, calcified lesions with variable perilesional
inflammation.[30,40,45-48]

Extraparenchymal NCC

Extraparenchymal NCC is not as common and less studied, more difficult to treat, and in
general has a worse prognosis.[49,50] Extraparenchymal disease can be further subdivided
into ventricular and subarachnoid involvement, the latter differing in its clinical presentation
when affecting the convexity of the brain, the Sylvian fissure, or the basal subarachnoid
space and cisterns (Figure 3).

Intraventricular NCC—Not infrequently, cysts lodge in the ventricles and cause
mechanical obstruction with or without some degree of inflammation. Inflammation alone
may result in hydrocephalus if not adequately suppressed. The fourth ventricle is most
frequently involved although entrapment of the lateral or 111 ventricles also occurs.
Unattached cysts may cause sudden positional mechanical obstruction causing nausea,
vomiting and vertigo (Bruns’ syndrome) or a more indolent presentation with symptoms of
nausea, vomiting, headache and symptoms associated with hydrocephalus. A IVth
ventricular cyst in a pregnant woman mimics emesis of pregnancy but is usually
accompanied by headache.

Subarachnoid NCC of the brain convexity—Cysts on the convexity of the brain
hemispheres usually behave like intraparenchymal cysts, are associated with seizures, and
pass through the usual degenerative stages. They however may occasionally expand and
grow as mass-occupying lesions.

Subarachnoid NCC of the Sylvian fissure—In the Sylvian fissure subarachnoid
disease presents with cysts clumps or giant cysts, resulting in mass effects. Calcifications
along the course of the middle cerebral artery suggest a chronic long-standing disease.
Inflammation adjacent to the brain or other brain structures, fibrosis, nerve impingement,
infarcts and less commonly cerebral hemorrhage further contribute to disease
manifestations.[51]

Basal subarachnoid NCC—The most severe disease is due to basal subarachnoid NCC
(“racemose”” NCC), because of its location and ability to expand and multiply.[52] This
aberrant growth form consists of vesicular enlargements and continuously proliferating
parasite membranes within the spaces of the brain resulting in a complex vesicular-
membranous tissue (grape-like hence the name racemose) and usually lacking a scolex. It
can extensively involve the spaces of the brain, resulting in mass effect and/or inflammation.
The inflammation directed to the parasite in the arachnoid space affects the meninges,
foramina, adjacent brain, and nerves and vessels that course through the space, causing focal
or diffuse arachnoiditis of the brain and spine. Eventually this results in mass effects,
swelling, and fibrosis, which in turn cause infarcts, hydrocephalus, and nerve entrapments.
Chiasmal involvement may lead to blindness. In some cases the cause of the meningitis may
be unclear because no identifying features such as vesicular membranous structures are
present.[53]

Basal subarachnoid NCC may also spread throughout the subarachnoid space and involve
the spinal cord.[54] Although spinal involvement was considered unusual, a recent study
found it in 50 - 70% of patients with basal subarachnoid disease, apparently asymptomatic in
most cases (unpublished data, T. Nash & H. Garcia, 2011). The degree of involvement and
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stage vary from arachnoiditis mostly in the cauda equina, minimal involvement with one or
few cysts, to mass effects resulting in paralysis or uncommonly numerous cysts.[55]

The diagnosis of neurocysticercosis rests on a constellation of findings including
epidemiology, symptoms, signs, serology, brain imaging, and pathology if available.
Although some findings are diagnostic, many times they are not. The diagnosis is
established because the combination of findings is so unlikely in other disease states that the
etiology of NCC is practically certain. Diagnostic criteria have been reported; although
helpful they have not been systematically validated.

Epidemiology

Most patients have lived in endemic regions for long periods, usually in resource poor areas
with on-going transmission. Lack of significant exposure is particularly helpful in non-
endemic regions and should suggest an alternative diagnosis or search for non-traditional
exposures. Patients may have had trivial exposure such as short-term travel to endemic areas
or even with no discernible exposure. Orthodox Jews in New York were accidently infected
by domestic employees from Central America who had taeniasis.[56]

History and physical examination

Imaging

With the exception of ocular cysts, which can be characteristic if not diagnostic, signs and
symptoms caused by NCC are usually not specific. The most common symptoms are
seizures, focal findings, headache and intracranial hypertension. Seizures, usually focal with
generalization or generalized are by far the most common manifestation. In a large majority,
seizures are due to degenerating cysts or calcified granulomas, more rarely by infarcts in
patients with subarachnoid involvement.[57] Focal neurological findings are less common,
non-specific and due a variety of types of lesions and mechanisms. Headaches are frequent
but are non-specific, and are commonly associated with seizures. In a community study,
NCC was more common in patients with migranous headaches compared to those without
headaches.[58] Hydrocephalus and intracranial hypertension are common in complicated
NCC and may manifest as nausea, vomiting, headache, wide based gait, loss of
consciousness, and other symptoms and findings. When appropriately evaluated, cognitive
deficits and dementia are also frequently found.[59]

CNS imaging is essential to establish the diagnosis and to determine the type of disease,
emergency measures required, choice of treatments including amount and degree of
immunosuppression, efficacy and duration of therapy. MRI is much superior to CT scanning
to visualize brain structures and anatomy as well as cysts. However CT is superior to detect
calcifications. CT imaging without contrast to detect calcification and a full MRI study with
FIESTA or equivalent technique to define subarachnoid and ventricular disease are optimal.
[60,61]

Imaging findings can be catalogued as consistent, probable or diagnostic. These have been
reviewed elsewhere.[62] In the proper clinical context, roundish, 1-2 cm in diameter cysts
with smooth walls and an eccentric dot representing the scolex are diagnostic. The presence
of multiple types of compatible lesions or multiple similar lesions is helpful.

The process of cyst degeneration is best depicted by MRI examinations. Viable cysts appear
clear to gross examination (same density as CSF), hypointense on T1 and FLAIR
examinations. The first indication of degeneration is the presence of enhancement, which
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indicates dysfunction of the blood brain barrier, most likely due to pericyst inflammation
around a still viable cyst. When the cyst becomes grossly opaque, the MRI appearance
changes from no signal to a bright signal on T1 and FLAIR sequences accompanied by
dense enhancement.[63]

Single enhancing lesions are a common diagnostic problem because the morphology is not
conclusive and the serology is commonly negative.[64] In endemic regions they are
conditionally considered NCC if they are 20 mm or less in diameter, not caused by another
entity such as tuberculosis, and do not increase in size over time.[65]

Calcified cysts are typically buckshot-like-small, punctate, and round, although they may be
much larger, chunky and irregular in shape at times. A single calcification is common in
endemic populations, rare in non-endemic populations and therefore can be assumed to be
due to NCC in the proper context. Multiple calcifications are more suggestive.[32]

Numerous serological tests measuring antibodies to 7. so/ium have been reported. The best
documented and most useful is a serum Western blot employing a specific fraction of 7.
solium cysts. Many of the components have been identified and cloned. The test is very
specific for exposure and/or disease and to confirm the diagnosis.[66-70] However, it lacks
sensitivity in patients with minimal disease defined as those with one viable or degenerating
cyst. It may also be negative in individuals with only calcifications.[64] In endemic regions
the test is useful in ruling out disease but is positive in a significant proportion of exposed
individuals without disease.[71-73]

Antigen detection tests using monoclonal antibodies (developed against the closely related
T. saginatd) in a capture ELISA format have been developed. They are specific for current
viable infection, which is their particular utility, but are not as sensitive as antibody assays.
Antigen is commonly present in patients with subarachnoid disease but is less frequent in
parenchymal disease. The concentration of antigen is higher in the CSF than the serum.
Levels grossly correlate with the extent of involvement.[74,75] A major unsettled clinical
issue is when to stop anthelminthic treatment in complicated subarachnoid disease. Serial
measurements may be able to establish efficacy of treatment and parasite death.[76]

Treatment of NCC depends upon the acuteness and severity of presentation, types and
degree of involvement, stage of cyst degeneration and accompanying inflammation, and
potential for future complications.[26,77-79] Treatment includes immediate measures to
prevent undo morbidity or death, surgical procedures, anti-epileptic drugs (AED) to control
seizures, corticosteroids to control inflammation, and anthelminthic medications to kill
cysts. Few treatment modalities have been subjected to randomized studies; therefore, their
degree of benefit and how they are best used are unclear. However, there is reasonable
evidence and a great deal of anecdotal experience to support the use of anthelminthics to
treat viable cysts usually accompanied with corticosteroids.

Symptomatic treatment

Patients with severe disease and life threatening complications require emergency treatment.
In NCC this may be status epilepticus, intracranial hypertension with or without
hydrocephalus, infarcts, mass effects, and focal neurological deficits. Anthelminthic
treatment is rarely required before the patient is stabilized. In fact in some cases it may
acutely aggravate an already critical situation. Identification and prompt relief of intracranial
hypertension should be stressed. If there is an inflammatory component such as a
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degenerating cyst with edema and inflammation, acute or chronic hydrocephalus, large dose
corticosteroids along with other supporting measures such as shunt placement are indicated.

Analgesics / Antiepileptic Drugs—Headache is a frequent complaint, alone or
associated to seizures (post-ictal) or intracranial hypertension. Standard analgesics
(paracetamol, tramadol, etc) are the first line of action for headache with usually a good
clinical response. AED therapy is indicated in most patients with NCC and seizures since
these are seizures secondary to an organic focus. Carbamazepine or phenytoin are most
commonly used in endemic countries, mainly due to availability and costs. There are no
formal studies of the efficacy of different AEDs in the treatment of epilepsy in NCC but
anectodally does not appear to differ from the treatment of idiopathic epilepsy. Seizures are
usually well controlled with monotherapy at standard doses.[80,81] In acute symptomatic
seizures or seizures due inflammation may be benefit from corticosteroids or other anti-
inflammatory medication.

Anti-inflammatory drugs—Administration of corticosteroids to control treatment-
induced inflammation and many times to suppress inflammation during the natural course of
disease is very common, almost universal. How best to employ corticosteroids has not been
studied except in the treatment of SEL. Four studies showed that a limited course of
corticosteroids plus AEDs decreased the number of subsequent seizures compared to AEDs
alone. There is no standard steroid treatment regimen for multicystic disease. Strategies
range from no use until seizures or other symptoms develop, to high dose prolonged
administration before, during and after anthelminthic dosing.[82]

A trial to determine if an enhanced dosing of corticosteroids (8 mg for 28 days followed by a
2 week taper) compared to standard dosing (6 mg for 10 days) results in decreased seizures
in the treatment of parenchymal NCC is ongoing. Results are expected shortly. This is the
first attempt to determine the utility, effectiveness and side effects of corticosteroid use
when treating intraparenchymal NCC. Although corticosteroids in short courses are
relatively safe, subarachnoid cysticercosis and occasionally complicated disease may require
long-term high dose corticosteroids, with a large number of bothersome and occasionally
life threatening side effects. Methotrexate was reported useful at 20 mg/week or less as a
corticosteroid sparing agent.[83]

Patients commonly present with seizures associated with calcifications and perilesional
edema.[41,42] Although the natural inclination is to use high dose corticosteroids, clinical
benefit has not yet been proven and there are emerging observations of exacerbation of the
original lesion and even other previously uninvolved calcifications when corticosteroids are
decreased or stopped.[41] This “rebound”, which appears to be due to an overcompensation
following immunosuppression, also occurs in the treatment of viable cysts in the setting of
anthelminthic treatment and high dose corticosteroids that are stopped abruptly.

Anti-parasitic treatment

Evidence suggesting clinical benefit efficacy of anthelminthic therapy is based upon results
of double blinded randomized treatment studies in single and multicystic parenchymal
disease, good clinical outcomes of non randomized series or studies with non randomized
selected controls, and anecdotal experience of good clinical response following treatment of
usually lethal or severe forms of NCC. Data on the benefit of anti-parasitic drugs in the
treatment of SELSs is conflicting and there are some trials that found no significant benefit of
treatment.[84] The two anthelminthics most used (albendazole and praziquantel) are
cysticidal, resulting in cyst resolution or eventual calcification.[85,86] However, despite
reasonable proof of cysticidal efficacy, the clinical benefit of treatment was until recently
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not generally accepted because many patients developed treatment related exacerbation of
disease and flawed design of early studies.[84,87]

Most recent treatment studies of parenchymal disease show a clinical benefit of
anthelminthic therapy. The therapeutic approach to cystic disease, single enhancing lesions,
or extraparenchymal NCC differs. A well-designed double-blinded randomized study
comparing anti-parasitic-treated to untreated cystic NCC resulted in a significant decrease in
generalized seizures and a decrease in partial seizures following the first month after
treatment, confirming the conclusions of a number of earlier well-done but less conclusive
studies.[57,88,89] In addition a meta analysis of treatment studies also showed clinical
benefit.[90] SELSs are single cysts that are in varying degrees of degeneration with
inflammation. Whether anthelminthic treatment is efficacious in SELS is unclear because the
results of many studies are disparate.[91-96]

Albendazole may be superior to praziquantel in usual dosing. Uncomplicated parenchymal
disease is commonly treated with 15 mg/kg albendazole in 2 divided doses of 400 mg with
meals, for 8 days to 2 weeks. This regime may be under dosing some patients. Praziquantel
is used at 50 mg/kg for 1-2 weeks usually with cimetidine and meals.[97] A short high dose
regimen of 100 mg/kg praziquantel in three divided doses every 2 hours, followed by
corticosteroids, has been found to be efficacious in patients with a single cyst but its efficacy
is controversial in multicystic disease.[98,99] Although both drugs are cysticidal, their
effects are commonly partial in the usual dosing. All commonly used regimens yield
disappointingly low cure rates of around 60% decrease in parasites and 40% of complete
clearance, resulting in retreatment. Levels of praziquantel and the ABZ metabolite
albendazole sulfoxide are extremely variable from patient to patient and they are both
decreased by AEDs and levels of praziquantel decreased by corticosteroids.[80,81,100,101]
A potential approach would be to treat until the MRI shows initial degeneration of all the
cysts and then continue treatment while steroids are tapered. Combined albendazole and
praziquantel therapy seems safe and promising in initial reports.[81,102,103]

Unlike untreated NCC where cysts may degenerate at different times and rates, anti-parasitic
treatment potentially induces inflammatory responses to all viable cysts at the same time.
When cysts are numerous, large areas of the brain may be involved potentially leading to
severe morbidity and death. However, the ability to kill most cysts, control the induced the
inflammation and suppress seizure activity with corticosteroids over a relatively short period
of time may be the major reason that the long-term seizure activity is decreased. Essentially,
treatment eliminates viable cysts, which have the greatest potential to cause seizures when
they degenerate. Patients with many viable lesions should be treated with particular caution
and treatment of patients with disseminated disease or eye cysts is contraindicated. NCC
encephalitis is treated primarily with corticosteroids. Treatment of patients with cysts lodged
in critical areas such as the medulla and intraspinal lesions, require suppressing doses of
corticosteroids and anthelminthics until the lesion resolves. Anthelminthic treatment is not
indicated in calcified NCC because parasites are non-viable and only consist of calcified
encapsulated cyst remnants along with varying degrees of host inflammatory reaction.

There are no controlled treatment trials of subarachnoid disease. Response to anthelminthic
drugs is variable but as a rule requires long-term treatment and repeated assessments.
Improvement is gauged by changes in clinical, radiological and in CSF parameters. One
large series of medical treatment of giant cysts in the Sylvian fissure showed relatively good
responses to repeated anthelminthic courses.[51] Basal subarachnoid NCC is usually more
difficult to treat. Relapses commonly occur even years after apparent stabilization.
Nevertheless, in contrast to severe morbidity and frequent autopsy descriptions before the
availability of anthelminthics, with persistent care and fastidious follow up patients usually
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show clinical improvement and survive with relatively little morbidity. Our current approach
is usual anthelmintic dosing for two to three months and then reassess and retreat multiple
times if necessary. Although not yet supported by controlled trials, increased dosing of
praziquantel to 100 mg/kg or even combined therapy in usual concentrations and dosing
may have higher cysticidal efficacy and could be considered for recurrent disease.
[81,104-110] Short term use of 30 mg/kg/ day has also been tried without obvious increase
in side effects.[111] Detection of cyst antigen in the serum and CSF assays may provide a
useful tool for monitoring and follow up of these cases.[76,112]

Surgical procedures are key in the treatment of complicated disease, including
neuroendoscopy, open surgery, and shunt placement.[113] Neuroendoscopy is useful to
remove cysts that are easily approached and causing symptoms; this may prevent prolonged
use of corticosteroids and anthelminthics. There are no randomized studies of the treatment
of ventricular disease. There is a general consensus that ventricular cysts should be removed
if not adhered to the ependyma, preferably by neuroendoscopy. Even if successful,
hydrocephalus sometimes develops anyway. Neuroendoscopical or open removal of large
cysts that cause symptoms or will likely cause symptoms with treatment should also be
considered.[114-118]

If a ventricular cyst is adherent or surgery unavailable, high dose corticosteroids with
anthelminthics from 1-3 months or more may be considered. Continued anti-inflammatory
drugs such as corticosteroids or methotrexate may be able to suppress continuing
inflammation that leads to scarring and hydrocephalus. Non-obstructing cysts in the lateral
ventricles can be treated medically but entrapment syndromes sometimes can result.
Whether subsequent inflammatory reaction to remaining cysts, membranes or antigen
contributes to subsequent hydrocephalus is not known. A relatively large treatment series of
4th ventricular lodged cysts, suggested medical therapy, sometimes requiring a shunt to
control hydrocephalus, could successfully be employed. However, because even
successfully treated patients with previous cysts in the IV ventricle sometimes require
subsequent shunts and the long-term benefit is unclear, most experts recommend endoscopic
or surgical removal. The advantages of this approach are immediate removal of the
obstruction, control of inflammation by removal of the source of antigen and, because the
cause of the inflammation is removed, less chance of developing obstructive and
communicating hydrocephalus.[113]

Conclusions

Before 1970 NCC was uncommonly recognized, infrequently diagnosed and essentially
untreatable. At present it is a commonly recognized infection and major cause of seizures in
endemic regions, easily diagnosed by brain imaging, and medical treatment available.
Despite these gains, there are large gaps in defining the worldwide burden of disease and
infection, understanding pathophysiology of disease and genesis of epilepsy, and devising
better and more effective treatments. The populations afflicted and burden of disease are
only known for restricted studied populations but grossly underestimated worldwide. How
to best use cysticidal agents is still not understood. Cure rates are low and long-term anti-
parasitic therapy frequently required for complicated disease. Moreover, their use is a
double edge sword because they invoke an intense injurious inflammatory response that
needs to be suppressed and complicates therapy. Inflammation is primarily responsible for
most disease manifestations and how best to suppress it, is for the most part unstudied.
Effective corticosteroid sparing/replacing agents need to be identified and incorporated into
long-term management of ventricular and subarachnoid disease, the most severe types of
NCC, whose treatment is based only on anecdotal experience. Calcified lesions are
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associated with most seizures in endemic populations, and 50% of individuals with calcified
NCC show perilesional edema at the time of a seizure recurrence. The pathophysiology is
unclear but most likely some calcified lesions are inflammatory foci, which suggest anti-
inflammatory measures may treat and/or prevent seizures in these patients. Most
importantly, neurocysticercosis is a preventable, eradicable infection. A commitment by
international and national health agencies to control cysticercosis would prevent millions of
cases of epilepsy.
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BOX 1 - LIFE CYCLE
Agent: 7aenia solium, cestode worm (“pork tapeworm’)
Location - small intestine of humans, their sole host.

Mature tapeworms are 2-4 meters long and consist of a head containing 4
suckers and a rostellum of hooklets for grasping, a neck and a series of
increasingly mature proglottids. Liberated ova and/or segments of terminal
mature proglottids are shed in feces.

Taeniasis infection: The adult tapeworm develops only in the intestine of a
human host, after ingestion of raw or poorly cooked infected pork. Cysts
evaginate in the upper small intestine, attach to the mucosa, and develop into
adult tapeworms.

Cysticercosis (larval form) infection: After ingestion by the intermediate host,
usually free roaming pigs, the ova hatch, invade the intestines and are then
infective embryos are carried by the blood stream throughout the body. Larval
cysts mature in 2-3 months. Although cysts may be found in any blood supplied
tissue, they are most commonly found in muscles, subcutaneous tissue and
brain. Humans develop cysticercosis, like the pig intermediate host, after the
accidental ingestion of ova. Because each proglottid contains between
30,000-50,000 ova, the human tapeworm carrier is very infectious, the “typhoid
Mary” of parasitology.
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Countries and areas at risk of cysticercosis, 2009
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World map showing the distribution of 7aenia solium taeniasis/cysticercosis transmission
(Taken from WHO - Control of Neglected Diseases website (http://gamapserver.who.int/
mapLibrary/Files/Maps/Global_cysticercosis_2009.png), permission needs to be requested.
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Intraparenchymal neurocysticercosis: 2a - viable cysts (magnetic resonance imaging [MRI],
T1 protocol), 2b-degenerating cyst (MRI, T1 protocol after contrast injection); 2c - calcified
lesions (non contrasted computed tomography [CT] scan); 2d - perilesional edema around a
calcified lesion (MRI, FLAIR protocol).
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Extraparenchymal neurocysticercosis: 3a - intraventricular cyst (with intraparenchymal
degenerating enhancing cysts, on MRI, post-contrast T1 protocol); 2b - subarachnoid NCC
in the brain convexity (with also viable and calcified cysts, on non-contrasted CT); 3c -
subarachnoid NCC of the Sylvian fissure (MRI, FLAIR protocol); 3d - basal subarachnoid
NCC (MRI, post-contrast T1 protocol).
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Characteristics of Intraparenchymal and Extraparenchymal Neurocysticercosis

Table 1

Characteristic | Parenchymal Extraparenchymal including
spinal NCC
Pathology Typical cyst or granuloma, Giant Sylvian cysts, ventricular

calcification

cysts, basal subarachnoid NCC
(“racemose”). Chronic
inflammation, fibrosis

Presentation

Seizures caused by inflamed
cyst or degenerating lesion,
headache, focal neurological
findings

Mass effects, hydrocephalus from
mechanical obstruction or non
communicating, headache, visual
problems, cranial nerve deficits,
infarcts

Diagnosis

Imaging with characteristic
cyst, calcifications. Multiple
compatible lesions.

Characteristic cyst in ventricles,
Other sites are non diagnostic
unless present with simultaneous
intraparenchymal involvement

Treatment

Short, usual dose
anthelminthics, limited
corticosteroids

May require long-term and
repeated anthelminthics, long-term
corticosteroids, methotrexate as
possible steroid sparing

Response

Usually cysticidal, cure rates
low, responds to retreatment

Variable, relapse common

Prognosis

Good, possible seizure
relapses

Not as good. Shunt obstruction is
common, sizable mortality
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