Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

We are IntechOpen,
the world’s leading publisher of
Open Access books
Built by scientists, for scientists

5,400

133,000

165M

Open access books available

International authors and editors

Downloads

Our authors are among the

154

TOP 1%

12.2%

Countries delivered to

most cited scientists

Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Chapter 14
You can freely access the chapter at the Web Viewer here.

Extraparenchymal Neurocysticercosis
Kelesidis Theodoros
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/48801

1. Introduction
Neurocysticercosis (NCC) is the most common disease causing cystic lesions in the central
nervous system, especially in developing and tropical countries (1-5). Although
neurocysticercosis is pleomorphic in its presentation, extraparenchymal neurocysticercosis
may be challenging to diagnose and treat. With increasing globalization and international
travel, NCC is now being reported from many developed countries such as the USA, UK
and many European countries. Neurologists and neuroradiologists in these countries are
often unaware of the pre-/post-treatment radiographic patterns of extraparenchymal NCC
and the potentially poor prognosis if not correctly diagnosed and managed. Herein, we
review the literature on extraparenchymal neurocysticercosis as a cause of meningitis and
hydrochephalus and we discuss challenges in diagnosis and management of these cases.

2. Definition
Extraparenchymal neurocysticercosis (NCC) is defined as neurocysticercosis involving the
subarachnoid, meningeal and intraventricular space (1;6;7). Thus, the clinical manifestations
of extraparenchymal NCC range from asymptomatic lesions to meningitis and
hydrocephalus (1;6;7).

3. Epidemiology of extraparenchymal NCC
Neurocysticercosis is the most common parasitic infestation of the central nervous system
worldwide (1;4-7;11;12). Extraparenchymal NCC is frequently seen in Latin American
countries whereas it is less common in the Indian subcontinent. Genetic differences in T.
solium cysticerci have been reported from different countries (15) and may contribute
towards the clinical variations across countries. These variations are perhaps due to complex
interactions between the host, parasite and environmental factors (13;16-18). Cysticercal
meningitis, although reported to constitute 42-48% of cases in Latin American case-series of
© 2013 Theodoros, licensee InTech. This is an open access chapter distributed under the terms of the
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NC, is somewhat uncommon with <8% of cases having meningitis among adult patients (69;19). Extraparenchymal NCC is also of emerging importance in developed countries (11;20).
This increase likely includes extraparenchymal cases, and a recent study reported an overall
frequency of subarachnoid cysts in 2%, ventricular cysts in 6%, and hydrocephalus in 16% of
NCC cases (11). These cases represented almost one-third of NCC in a medical center in
New Mexico (21). Intraventricular NCC, the presence of Taenia solium cysts in the cerebral
ventricular system, occurs in 7–30% of patients with NCC (10;21-23).Thus,
extraparenchymal NCC is probably more frequent than previously thought (14;18).

4. Pathogenesis of extraparenchymal NCC
4.1. Subarachnoid NCC
The disease occurs when humans ingest eggs of Taenia solium from contaminated food (1).
Brain parenchyma is most likely seeded through hematogenous dissemination and the
ventricular system, subarachnoid space, and basal cisterns are then seeded via the choroid
plexus (1). When cysts lodge outside the brain parenchyma (extraparenchymal NCC), they
tend to grow irregularly depending on the space available and usually elicit a strong
inflammatory response. Subarachnoid cysts can also grow abnormally as a membranous
and/or cystic mass called racemose cysticercosis (7). Occasionally the cysts enlarge
considerably, become racemose without scolices and cause mass effects. Cysticercus
racemose is characterized by larger size (4–12 cm), absence of scolex and a variable
appearance. Cysticercus racemosus is a form multilobular grape-like cluster without scolex
thought to be a forme fruste of cysticercus cellulosae (24), most frequently located in the basal
cisterns, Sylvian fissure, or ventricles (10;21-23).These cysts continually grow compared
with intraparenchymal NCC and commonly result in basilar arachnoiditis (7) with
inflammation and fibrosis in and around critical structures, causing meningeal
inflammation, hydrocephalus due to CSF outflow obstruction, or cerebrovascular
complications (10;21-23). The cyst often tends to migrate to the fourth ventricle because of
gravity and CSF flow patterns (10;21-23). Although neurocysticerci undergo four stages of
involution: vesicular, colloidal, granulovacuvolar and calcific, this evolution does not occur
in the intraventricular or the subarachnoid forms (or racemose type) of NCC (25).

4.2. Cysticercal meningitis
“Racemose” cysticercosis is associated with an intense inflammatory reaction and
progressive thickening of the leptomeninges at the base of the brain. Signs of meningitis,
cranial nerve palsy and cerebral infarcts secondary to vasculitis may also develop (26). In
approximately 50–60% of the cases, there is an obstruction of the CSF circulation, resulting
in progressive intracranial hypertension and hydrocephalus and mortality of over 20% of
cases (26). When hydrocephalus secondary to cysticercotic meningitis is present, the
mortality rate is high (50%) and most patients die within 2 years after CSF shunting(4).
Therefore, basal cisternal locations are considered to be malignant forms of NCC (26).
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4.3. Intraventricular NCC
Hydrocephalus can result either because of direct obstruction of cerebrospinal fluid (CSF)
pathways by intraventricular cysts or secondary to inflammatory obstruction.
Intraventricular neurocysticercal cysts occur singly or in multiples and frequently coexist
with parenchymal and sub-arachnoid cysts (10;21-23). Intracranial hypertension is a
common manifestation of extraparenhymal NCC and the increased intracranial pressure can
be from the mass effect of a giant subarachnoid cyst (27), or from obstructive hydrocephalus
produced by direct obstruction of the ventricular system by a cyst (28), distortion of
ventricular CSF pathways (29), or blockage of CSF pathways within the subarachnoid space
from the inflammatory reaction (28). However, a cyst in the fourth ventricle tends to be
solitary, without accompanying parenchymal cysts (10;21-23).

4.4. Extramedullary cysticercosis
Involvement of the spinal cord is rare, accounting for 1–5% of all cases of NCC (30;31).
Spinal NCC may be intramedullary or extramedullary (intradural or extradural); however
these forms are rare, and most disease involves the subarachnoid spaces, which may result
from direct CSF dissemination (30;31). It has been suggested that small, or developing
larvae present in the subarachnoid space settle to the basal cisterns by way of gravity and
then further descend into the subarachnoid spaces of the lower parts of the spine including
the lumbosacral space where they find adequate room to grow and develop (30;31). Many of
the pathologic descriptions of cysticerci recovered from the spinal canal have a racemose
morphology, which consists of membranous cells that proliferate, which may cause seeding
of the spine from the base of the brain and subsequent growth (30;31). Cervical involvement
consists mostly of unilocular or multilocular cystic forms, primarily due to direct extension
of cysts located in the basal subarachnoid cisterns (30;31). Conversely, lumbosacral
involvement has a more varied picture including multilocular cystic lesions causing spinal
displacement or flattening, and clumping or displacement of the nerve roots most likely due
to adhesive arachnoiditis (30;31). Clinical signs can be caused by direct compression of the
spinal cord and/or roots by cysticerci or, indirectly, by the inflammatory reaction, including
progressive paraparesis and sphincter disturbances.

4.5. Orbital neurocysticercosis
Ocular cysticercosis is caused by the growth of the larvae of Taenia solium within the ocular
tissues and the cysts may be located in descending order of frequency, subretinal space
(35%), vitreous (22%), conjunctiva (22%), anterior segment (5%) and orbit (1%)(32). The
extraocular muscle form is the most common type of orbital cysticercosis (33-35). In the
ocular form, the most favored sites are the vitreous and the subretinal space whereas the
inferior rectus and the medial rectus are the most common extraocular muscles involved
(33-35). Intraocular cysticercosis is predominant in the Western countries, whereas
extraocular is more common in the Indian population and several authors have attributed
geographic and environmental factors to this difference (33-35). The continuation of the
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retina with the optic nerve allows direct communication of the subarachnoid space with
subretinal space but it remains unclear whether subretinal NCC can be considered another
form of subarachnoid NCC (33-35).
There is lack of understanding of the pathophysiology of extraparenchymal NCC.
Circulating antigen detection assays could help establish if living parasites are still present
after apparent radiographic cyst regression, providing an indication to continue or reuse
antiparasitic treatment (36). It is unclear whether chronic inflammation in extraparenchymal
NCC is due to continuous cyst degeneration, or continuous antigen release from dead
parasitic tissues (37). Newer mechanisms are being explored to understand the complex
neuropathology and heterogeneity of NCC.

5. Clinical manifestations of extraparenchymal NCC
The clinical and radiologic manifestations of NCC are pleomorphic. Epilepsy, present in
both intraparenchymal and extraparenchymal NCC, focal neurological signs, and headache
are the most common clinical manifestations of the disease (1;38). Focal neurological signs
that vary according to the size, number and location of the parasites have been described in
up to 20% patients with neurocysticercosis (1;38). Pyramidal tract signs predominate, but
sensory deficits, involuntary movements, and signs of brainstem dysfunction, may occur in
some patients (1;38). These manifestations usually follow a subacute or chronic course
resembling that of a brain tumor and are most often seen in patients with large
subarachnoid cysts compressing the brain parenchyma (1;38). Thus, several varieties of
NCC have been recognized depending upon the number, location, and evolutionary stage of
the cysticerci in the human brain (39).
Extraparenchymal NCC occurs mainly in young adult males and is uncommon in children
(38;40). The patients typically present with subacute or chronic intracranial hypertension
from mass effect or hydrocephalus; chronic meningitis characterized by lack of meningeal
signs of exam, often due to chronicity of symptoms , a mild-to-moderate CSF lymphocytic
pleocytosis and moderate-high increase in protein; radiographic hydrocephalus with or
without obvious cysts; radiographic presence of cysts in the ventricles or subarachnoid
space and protracted clinical or radiographic course after antiparasitic treatment (8;21).
Stroke can occur secondary to vasculitis caused by inflammatory occlusion of the arteries at
the base of the brain secondary to arachnoiditis (4;5;12).
Hydrocephalus develops in approximately 30% of all patients with NCC because of
obstruction by intraventricular or subarachnoid lesions (10;21-23). Intraventricular NCC
can cause non-communicating hydrocephalus by obstructing the CSF pathway and
communicating hydrocephalus by development of ependymitis (10;21-23). Abrupt
permanent obstruction can cause sudden death due to brain herniation (10;21-23). Lifethreatening acute intermittent hydrocephalus (Brunn syndrome)(41) can occur due to
cyst-inducing intermittent CSF obstruction from a ball-valve mechanism (10;22). Overall,
extraparenchymal NCC has a more aggressive behavior and a higher morbidity and
mortality rate than parenchymal form (10;21-23). Presence of sub-arachnoid cysts can
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cause chronic cysticercal meningitis. Cysticercal meningitis (CM) is characterized by
inflammatory cerebrospinal fluid (CSF) and negative bacterial and fungal cultures (8).
There have been no systematic studies of CM. In a recent study of patients with CM these
patients often had intracranial hypertension, meningeal signs, CSF hypoglycorrachia,
positive CSF results in an enzyme-linked immunosorbent assay (ELISA) for cysticercal
antigens, negative CSF cultures for bacteria, fungi, and mycobacteria and longer clinical
course of NCC (8). The management of the chronic inflammation and the complications
caused by this meningitis are usually very difficult, and the mortality rate can be up to
33% (10;21-23). It is likely that CM is often not identified and its correct identification may
reduce morbidity and risks of unnecessary surgery in patients with chronic
neurocysticercosis and CSF shunts (10;21-23).

6. Diagnosis of extraparenchymal NCC
The diagnosis of NCC is often made based on presence of lesion highly suggestive of
neurocysticercosis on neuroimaging study , positive serum immunoassay for the detection
of anticysticercal antibodies , positive CSF immunoassay for detection of anticysticercal
antibodies and epidemiologic criteria including individual coming from an area where
cysticercosis is endemic (1).These diagnostic criteria have been
stratified in four
categories—absolute, major, minor, and epidemiological- on the basis of their individual
diagnostic strength(1). Based on a previous consensus, the absolute criterion for the
diagnosis of neurocysticercosis that is being considered as pathognomonic of this disease is
the detection of a scolex inside a cyst by CT or MRI although, C. racemosus doesn't have a
scolex (1).

6.1. Clinical presentation
Extraparenchymal NCC is associated with a local inflammatory response with high
protein concentration and cell counts in the CSF (8). Clinical manifestations and CSF
findings are similar to the more common tuberculous meningitis, (8;23) and other forms of
chronic meningitis including chronic HIV- associated meningitis (42;43) since the CSF
findings consist of pleocytosis (usually lymphocytic but frequently polymorphonuclear) ,
reduced glucose and elevated protein(8). In one series of cysticercal meningoencephalitis,
confusion with tubercular meningitis was present in 61.5% cases (7;8). An important
differentiating feature with these other forms of chronic meningitis is the presence of
eosinophils in the CSF (7;8) which is usually seen only in the initial phases of the illness
(8;21). However, this staining of the CSF is not routinely done in most places (8;23).
Although the suspicion of NCC as the cause of chronic meningitis is increased when CSF
eosinophils are found, CSF eosinophils (above 5%) occur in only 15% of patients (21). It is
often a common practice to attribute chronic meningitis and hydrocephalus to tubercular
meningitis in the presence of appropriate epidemiologic history and treat empirically by
shunting and anti-tubercular therapy. Thus, an astute clinical acumen is required to make
the diagnosis of CM.
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6.2. Imaging
Both computed tomography (CT) and magnetic resonance imaging (MRI) are indispensable
tools for diagnosis and characterization of NCC (38;44;45); CT is superior for diagnosis of
racemose cysticercosis, brain granulomas and calcifications, which are the most frequent
finding of NCC, and may be missed by MRI (38;44;45). However, neuroimaging findings of
extraparenchymal cysticerci are subtle and are usually not seen by CT. Thus, MRI is more
useful than CT for diagnosis of ocular, ventricular, and subarachnoid cysticercosis and for
analysis of the inflammatory reaction that accompanies most cases of active NCC (38;44;45).
Neuroimaging findings are variable depending on the stage of the infection. The first stage,
described as the larval tissue invasion phase, is not normally imaged owing to lack of
symptoms at this very early stage (1;46). During the vesicular stage, cysts and scolex, the
"mouth" of the tapeworm that is lined with suckers and hooks, are both imaged without
enhancement. However, as observed in one study(47) in which imaging was performed
regularly to follow anticysticercal therapy, this phase appears as a localized focus of edema
on T2-weighted images and displays nodular tissue enhancement following the
administration of gadopentetate dimeglumine (1;46).
The second stage (the vesicular stage) describes the formation of a cyst that encircles the
scolex (1;46). These cysts are thin walled, contain clear fluid and are typically 1-2 cm. On
imaging, the cyst fluid parallels cerebrospinal fluid intensity. The scolex is approximately 2–
4 mm and appears as a mural nodule that is isointense with brain parenchyma (48). The
lesion is antigenically inert and therefore does not induce an inflammatory reaction or
circumferential edema (49).
During the third stage (the colloidal stage) the parasite dies, and as a result the cysticercus
becomes nonviable (1;46). As the scolex dies, the cyst fluid transforms into a colloidal
suspension containing protein solutes (1;46) and on MRI imaging this results in T1
shortening while the scolex and cyst capsule are decreased in T2 signal intensity. The
surrounding edema suggests that the parasite is in its colloidal state, and, therefore,
enhancement of the capsule and scolex will occur avidly. In addition, the proteinaceous
nature of the cyst fluid during involution of the cysticercus is appears as hypointense
central T1 signal to white matter but hyperintense to cerebrospinal fluid and appears
markedly hyperintense on T2-weighted images (1;46). At CT, cystic contents increase in
attenuation (50). Thus, in the colloidal vesicular stage, ring enhancement and edema are
appreciated by both CT and MRI imagings (1;46).
The fourth stage (the nodular granular stage) represents the degeneration of the cysticercus.
The edema begins to subside gradually, the contents begin to mineralize and the cyst
involutes. Thus, the lesion becomes isointense with brain parenchyma on T1-weighted MR
images and hypointense on T2-weighted MR images. At CT, a thick nodular ring continues
to enhance and the lesion becomes isoattenuating (51).
The final stage is the calcified stage, which describes complete involution of the lesion with
continued mineralization. The calcifications are obvious at CT as small areas of

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Extraparenchymal Neurocysticercosis
You can freely access the chapter at the Web Viewer here.
hypointensity (1) and show susceptibility at MR imaging, particularly on gradient-echo
images (47). However MRI is not the imaging modality of choice for calcified NCC (47).
Also, in the nodular calcified stage, when the cystic lesion is mineralized and shrunken and
a nonenhanced CT scan is diagnostic, enhancement is unusual (51). The granular nodular
phase is characterized by decreased ring enhancement and edema, along with the
calcification of cysts (46).
Subarachnoid (racemose) neurocysticercosis usually infiltrates the basal cisterns and sylvian
fissure and has different imaging findings compared to parenchymal NCC. Common
neuroimaging findings to suspect the diagnosis include hydrocephalus (with or without
obvious cysts), cysts obstructing CSF pathways or freely floating inside ventricles, cysts in
the basal subarachnoid cisterns, migrating cysts across the cerebral aqueduct, and
ependymitis or arachnoiditis (21). The most common CT finding in subarachnoid NCC is
hydrocephalus (1;9). Because the cyst membrane is thin and the fluid is isodense with the
cerebrospinal fluid, uninflamed extraparenchymal cysticerci are usually not visible on
computed tomography scanning and may only reveal subtle, indirect findings on MRI (9).
Therefore, neuroimaging may reveal hydrocephalus without noticeable cysts (1;9).

6.3. Laboratory tests for diagnosis of NCC
Taenia antibodies detected by methods such as Western Blot is considered as a major
criterion whereas the positive serologic test in the CSF is listed as a minor criterion (19).The
development of numerous serodiagnostic tests using different parasitic antigens is
indicative of the fact that none of them are 100% sensitive and specific. For multiple lesions,
the enzyme-linked immunoelectrotransfer blot (EITB) assay using purified glycoprotein
antigens from T. solium cysticerci was reported to be highly specific (100%) and nearly 98%
sensitive (4;5;12). The sensitivity was less for single lesions (52)and for calcified lesions
(2;2;53-56). A comparative study of enzyme-linked immunosorbent assay (ELISA) and dotblot assay in children found that both were more sensitive in cases with multiple brain
lesions (100%) than in those with a single lesion (87%) (5). The sensitivity of antibody
detecting EITB assays is not better with the use of CSF samples as compared with serum
samples (55). Detection of circulating cysticercosis antigens using ELISA has a modest
sensitivity especially for parenchymal lesions. The antigen detecting ELISA has a better
sensitivity with the use of CSF samples as compared with serum samples. However, ELISA
has less sensitivity as compared with EITB for serum as well as CSF samples, for both
intraparenchymal and extraparenchymal NCC (55;57-59).
It has been suggested that the use of excretory secretory (ES) antigens, rather than somatic
antigens might improve the serodiagnosis of cases with vesicular stages of the parasite
(60;61). The use of ES antigens for the detection of antibodies in serum was found to be more
useful than that in urine in patients with enhancing lesions (62). Three ES peptides were
reported to have high sensitivity and specificity in both serum and CSF reactivity; (60;61). It
has been suggested that synthetic peptide selected by phage display may be useful in the
immunodiagnosis of NCC (63;64).
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Polymerase chain reaction (PCR) in CSF has also been used for the diagnosis of
neurocysticercosis but is not widely available (19). However, extensive and comprehensive
revision of the diagnostic criteria of neurocysticercosis, especially of extraparenchymal
neurocysticercosis is mandatory according to many recent publications (2;8-11).

7. Treatment
There is still no consensus regarding optimal treatment strategies in patients with
extraparenchymal NCC (10;21-23). Various therapeutic modalities include antihelminthic
medication, microneurosurgical removal, ventriculoperitoneal shunting, and endoscopic
management (8).

7.1. Medical therapy
Although parenchymal cysts have historically been treated quite effectively with
antihelminthics such as praziquantel and albendazole, medical therapy alone is not favored
for extraparenchymal NCC because of the limited efficacy in such cases, and a risk of
developing acute hydrocephalus during the clinical treatment period (10;21-23). Good
results for antiparasitic treatment with different albendazole and praziquantel regiments for
extraparenchymal NCC including orbital, spinal , intraventricular and subarachnoid NCC,
and even for giant cysts have been reported (57;65-69) although resistance has been reported
by some (13;16;17). However, although treatment with antihelminthic medication such as
albendazole has been shown to improve outcome in live, cystic parenchymal cysticercosis,
the benefits of antihelminthic treatment in patients with solitary cystic lesion remain
uncertain (70). While it is generally accepted that both praziquantel and albendazole are
effective in destroying viable cysts, their use in cases with enhancing lesions has been
debated as these lesions are considered to represent degenerating cysts, many of which
resolve spontaneously (4;5;12). Thus, the decision whether antiparasitic treatment should be
used in these cases is always a clinical decision and should be made on an individual basis.
Antihelminthic agents hasten the evolution of intraventricular viable cysts, which may
trigger an inflammatory response similar to that seen with the natural history of the parasite
(25). This may result in long-term sequelae (1;6;9;71). Extraparenchymal cysts may regress
only after long term and multiple antiparasitic courses (1;6;9;71). The optimal treatment to
prevent chronic inflammation is unknown due the lack of understanding of its
pathophysiology and lack of controlled trials to help guide management. Likewise,
controversy exists regarding the use of corticosteroids, alone or in combination with
antihelminthic drugs (1;6;70;71). At a previous consensus meeting, experts agreed that no
single treatment approach could be advocated and that management options varied
according to the type of clinical presentation (9). However, intraventricular
neurocysticercosis has a risk of ependymitis in those treated with anthelminthics such as
albendazole and praziquantel regiments. Thus these agents should be used with caution in
cases with extraparenchymal NCC as any increase in the inflammatory response may lead
to the development of infarct; pretreatment with steroids and management of intracranial

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Extraparenchymal Neurocysticercosis
You can freely access the chapter at the Web Viewer here.
hypertension is warranted
treatment (8).

and surgical evaluation is often needed prior to medical

7.2. Surgical therapy
In patients presenting with acute hydrocephalus, surgery is the only option (10;21-23).
Neurosurgical procedures for NCC are still part of the armamentarium when treating this
disease and good results for open craniotomy and rigid endoscopic surgery in patients with
intraventricular and subarachnoid NCC have been reported (72;73). Infratentorial
intraventricular cysts have been treated with open surgery for excision whereas it is
generally suggested that supratentorial cysts, due to not only location but also the need to
often treat hydrocephalus in these patients, be removed endoscopically (74). Ependymitis,
confirmed by neuroimaging is a relative contraindication for surgical removal of the cysts
(10;21-23).
Ventriculoperitoneal CSF shunting is burdened by a high shunt dysfunction rate which
leads to worsening obstruction of CSF flow and increased intracranial pressure, risk of
infection and thus high mortality rates. Microneurosurgical approaches can be technically
demanding and associated with various complications (10;21-23). For these reasons,
endoscopic approaches for intraventricular neurocysticercosis have been described in recent
years and often allow for cyst removal and hydrocephalus treatment, freeing the patient
from shunt procedures (75;76).
Although the literature regarding the use of endoscopic management of intraventricular
NCC is scarce, this modality has shown encouraging results in the treatment of
intraventricular NCC (10;21-23). In a recent comparative study of 140 patients from Mexico
with intraventricular NCC, traditional treatment with albendazole and steroid had similar
outcome versus neuroendoscopic surgery in terms of survival, hospitalization (23).
However, almost all patients with traditional treatment remained with at least one shunt
whereas most of the patients from the neuroendoscopic surgery series did not have any
shunts (23). Thus, the neuroendoscopic approach to intraventricular neurocysticercal cysts is
safe and effective and offers the additional benefit of avoiding shunt placement (10;21-23).
At centres having the required expertise, this should be the treatment of choice. Traditional
treatment is a second option where the endoscopic procedure is not available. However,
endoscopic cyst excision can be difficult and hazardous in patients with severe ependymitis
and dense adhesions and intraventricular bleeding could also report (10;21-23). Thus,
despite its many advantages, neuroendoscopy has some limitations even when performed
by experienced hands.
Regarding subarachnoid NCC, there are no controlled trials on the management of this form
of extraparenchymal NCC (1;6;71). In a series of patients treated with only CSF diversion,
50% died at a median follow-up of 8 years and 11 months (2). More recently, case series
using anti-parasitic drugs, corticosteroids, and shunting for hydrocephalus have been
associated with an improved prognosis compared with older studies (1;2;6;71).Thus, most
experts consider subarachnoid NCC a clear indication for anti-parasitic therapy (2).
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However, the optimal dose and duration of anti-parasitic therapy for subarachnoid
cysticercosis has not been established (2). In the largest cases series, Proaño and others
treated 33 patients with giant cysticerci with albendazole (15 mg/kg/day) for 4 weeks and
most patients required several courses of anti-parasitic therapy (23). However, with
controversy in the literature in the optimal management of this condition and without
further evidence-based guidelines to help management of extraparenchymal NCC, the
decision of the total dose and duration of antiparasitic and steroid therapy must be made on
a case by case basis.

8. Conclusion
Extraparenchymal NCC may be a more common form of NCC than previously thought and
is often difficult to diagnose, more complex to treat, and carries a graver prognosis. The
clinical course is protracted and difficult to cure. Different medical (anthelmintics, steroids),
surgical (cyst excision, CSF diversion), or medical-surgical approaches have been reported
but not adequately studied. Because clinicians in developed countries often unfamiliar with
NCC as a cause of chronic meningitis, chronic ventriculitis, or hydrocephalus without
obvious cysts, the diagnosis of extraparenchymal NCC often depends on the correct
interpretation of neuroimaging which may miss the diagnosis. Thus, extraparenchymal
NCC should always be considered by clinicians and radiologists in the differential diagnosis
of chronic meningitis and hydrocephalus.

Author details
Kelesidis Theodoros
Department of Medicine, Division of Infectious Diseases, David Geffen School of Medicine at UCLA,
Los Angeles, California, USA

9. References
[1] Del Brutto OH. Neurocysticercosis. Semin Neurol 2005; 25(3):243-251.
[2] Garcia HH, Del Brutto OH, Nash TE, White AC, Jr., Tsang VC, Gilman RH. New
concepts in the diagnosis and management of neurocysticercosis (Taenia solium). Am J
Trop Med Hyg 2005; 72(1):3-9.
[3] Naumov YN, Bahjat KS, Gausling R, Abraham R, Exley MA, Koezuka Y et al. Activation
of CD1d-restricted T cells protects NOD mice from developing diabetes by regulating
dendritic cell subsets. Proc Natl Acad Sci U S A 2001; 98(24):13838-13843.
[4] Atluri SR, Singhi P, Khandelwal N, Malla N. Neurocysticercosis immunodiagnosis
using Taenia solium cysticerci crude soluble extract, excretory secretory and lower
molecular mass antigens in serum and urine samples of Indian children. Acta Trop
2009; 110(1):22-27.

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Extraparenchymal Neurocysticercosis
You can freely access the chapter at the Web Viewer here.
[5] Mandal J, Singhi PD, Khandelwal N, Malla N. Evaluation of ELISA and dot blots for the
serodiagnosis of neurocysticercosis, in children found to have single or multiple
enhancing lesions in computerized tomographic scans of the brain. Ann Trop Med
Parasitol 2006; 100(1):39-48.
[6] Cardenas G, Carrillo-Mezo R, Jung H, Sciutto E, Hernandez JL, Fleury A.
Subarachnoidal Neurocysticercosis non-responsive to cysticidal drugs: a case series.
BMC Neurol 2010; 10:16.
[7] Del Brutto OH. Meningeal cysticercosis. Singh G, Prabhakar S, eds. Taenia solium
Cysticercosis: From Basic to Clinical Science. Oxford, United Kingdom: CABI
Publishing, 177-188. 2002.
[8] Cardenas G, Jung H, Rios C, Fleury A, Soto-Hernandez JL. Severe cysticercal
meningitis: clinical and imaging characteristics. Am J Trop Med Hyg 2010; 82(1):121125.
[9] Garcia HH, Evans CA, Nash TE, Takayanagui OM, White AC, Jr., Botero D et al.
Current consensus guidelines for treatment of neurocysticercosis. Clin Microbiol Rev
2002; 15(4):747-756.
[10] Kalra V, Mishra D, Suri A, Seth R, Garg A. Intraventricular neurocysticercosis. Indian J
Pediatr 2009; 76(4):420-423.
[11] Wallin MT, Kurtzke JF. Neurocysticercosis in the United States: review of an important
emerging infection. Neurology 2004; 63(9):1559-1564.
[12] Singhi P. Neurocysticercosis. Ther Adv Neurol Disord 2011; 4(2):67-81.
[13] Cardenas G, Carrillo-Mezo R, Jung H, Sciutto E, Hernandez JL, Fleury A.
Subarachnoidal Neurocysticercosis non-responsive to cysticidal drugs: a case series.
BMC Neurol 2010; 10:16.
[14] Bluml S, Kirchberger S, Bochkov VN, Kronke G, Stuhlmeier K, Majdic O et al. Oxidized
phospholipids negatively regulate dendritic cell maturation induced by TLRs and
CD40. J Immunol 2005; 175(1):501-508.
[15] Maravilla P, Gonzalez-Guzman R, Zuniga G, Peniche A, Dominguez-Alpizar JL, ReyesMontes R et al. Genetic polymorphism in Taenia solium cysticerci recovered from
experimental infections in pigs. Infect Genet Evol 2008; 8(2):213-216.
[16] Cardenas G, Jung H, Rios C, Fleury A, Soto-Hernandez JL. Severe cysticercal
meningitis: clinical and imaging characteristics. Am J Trop Med Hyg 2010; 82(1):121125.
[17] Fleury A, Hernandez M, Avila M, Cardenas G, Bobes RJ, Huerta M et al. Detection of
HP10 antigen in serum for diagnosis and follow-up of subarachnoidal and
intraventricular human neurocysticercosis. J Neurol Neurosurg Psychiatry 2007;
78(9):970-974.
[18] Fleury A, Escobar A, Fragoso G, Sciutto E, Larralde C. Clinical heterogeneity of human
neurocysticercosis results from complex interactions among parasite, host and
environmental factors. Trans R Soc Trop Med Hyg 2010; 104(4):243-250.

359

360

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Novel Aspects on Cysticercosis and Neurocysticercosis
You can freely access the chapter at the Web Viewer here.
[19] Michelet L, Fleury A, Sciutto E, Kendjo E, Fragoso G, Paris L et al. Human
neurocysticercosis: Comparison of different diagnostic tests in cerebrospinal fluid. J
Clin Microbiol 2011; 49(1):195-200.
[20] Ong S, Talan DA, Moran GJ, Mower W, Newdow M, Tsang VC et al. Neurocysticercosis
in radiographically imaged seizure patients in U.S. emergency departments. Emerg
Infect Dis 2002; 8(6):608-613.
[21] Figueroa JJ, Davis LE, Magalhaes A. Extraparenchymal Neurocysticercosis in
Albuquerque, New Mexico. J Neuroimaging 2011; 21(1):38-43.
[22] Goel RK, Ahmad FU, Vellimana AK, Suri A, Chandra PS, Kumar R et al. Endoscopic
management of intraventricular neurocysticercosis. J Clin Neurosci 2008; 15(10):10961101.
[23] Proano JV, Torres-Corzo J, Rodriguez-Della VR, Guizar-Sahagun G, Rangel-Castilla L.
Intraventricular and subarachnoid basal cisterns neurocysticercosis: a comparative
study between traditional treatment versus neuroendoscopic surgery. Childs Nerv Syst
2009; 25(11):1467-1475.
[24] Ghosh D, Dubey TN, Prabhakar S. Brain parenchymal, subarachnoid racemose, and
intraventricular cysticercosis in an Indian man. Postgrad Med J 1999; 75(881):164166.
[25] Suri A, Goel RK, Ahmad FU, Vellimana AK, Sharma BS, Mahapatra AK.
Transventricular, transaqueductal scope-in-scope endoscopic excision of fourth
ventricular neurocysticercosis: a series of 13 cases and a review. J Neurosurg Pediatr
2008; 1(1):35-39.
[26] Brenchley JM, Price DA, Schacker TW, Asher TE, Silvestri G, Rao S et al. Microbial
translocation is a cause of systemic immune activation in chronic HIV infection. Nat
Med 2006; 12(12):1365-1371.
[27] Proano JV, Madrazo I, Avelar F, Lopez-Felix B, Diaz G, Grijalva I. Medical treatment for
neurocysticercosis characterized by giant subarachnoid cysts. N Engl J Med 2001;
345(12):879-885.
[28] Estanol B, Kleriga E, Loyo M, Mateos H, Lombardo L, Gordon F et al. Mechanisms of
hydrocephalus in cerebral cysticercosis: implications for therapy. Neurosurgery 1983;
13(2):119-123.
[29] Lobato RD, Lamas E, Portillo JM, Roger R, Esparza J, Rivas JJ et al. Hydrocephalus in
cerebral cysticercosis. Pathogenic and therapeutic considerations. J Neurosurg 1981;
55(5):786-793.
[30] Callacondo D, Garcia HH, Gonzales I, Escalante D, Nash TE. High frequency of spinal
involvement in patients with basal subarachnoid neurocysticercosis. Neurology 2012;
78(18):1394-1400.
[31] De Souza QL, Filho AP, Callegaro D, De Faria LL. Intramedullary cysticercosis. Case
report, literature review and comments on pathogenesis. J Neurol Sci 1975; 26(1):6170.

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Extraparenchymal Neurocysticercosis
You can freely access the chapter at the Web Viewer here.
[32] Kruger-Leite E, Jalkh AE, Quiroz H, Schepens CL. Intraocular cysticercosis. Am J
Ophthalmol 1985; 99(3):252-257.
[33] Rath S, Honavar SG, Naik M, Anand R, Agarwal B, Krishnaiah S et al. Orbital
cysticercosis: clinical manifestations, diagnosis, management, and outcome.
Ophthalmology 2010; 117(3):600-5, 605.
[34] Sekhar GC, Lemke BN. Orbital cysticercosis. Ophthalmology 1997; 104(10):15991604.
[35] Natarajan S, Malpani A, Kumar NP, Dutta B. Management of intraocular cysticercosis.
Graefes Arch Clin Exp Ophthalmol 1999; 237(10):812-814.
[36] Fleury A, Hernandez M, Avila M, Cardenas G, Bobes RJ, Huerta M et al. Detection of
HP10 antigen in serum for diagnosis and follow-up of subarachnoidal and
intraventricular human neurocysticercosis. J Neurol Neurosurg Psychiatry 2007;
78(9):970-974.
[37] Nash TE, Singh G, White AC, Rajshekhar V, Loeb JA, Proano JV et al. Treatment of
neurocysticercosis: current status and future research needs. Neurology 2006;
67(7):1120-1127.
[38] Del Brutto OH. Neurocysticercosis: a review. ScientificWorldJournal 2012;
2012:159821.
[39] Del Brutto OH. Single parenchymal brain cysticercus in the acute encephalitic phase:
definition of a distinct form of neurocysticercosis with a benign prognosis. J Neurol
Neurosurg Psychiatry 1995; 58(2):247-249.
[40] Kelesidis T, Tsiodras S. Extraparenchymal neurocysticercosis in the United States: a case
report. J Med Case Reports 2011; 5:359.
[41] Giorgi JV, Hultin LE, McKeating JA, Johnson TD, Owens B, Jacobson LP et al. Shorter
survival in advanced human immunodeficiency virus type 1 infection is more closely
associated with T lymphocyte activation than with plasma virus burden or virus
chemokine coreceptor usage. J Infect Dis 1999; 179(4):859-870.
[42] Hollander H, McGuire D, Burack JH. Diagnostic lumbar puncture in HIV-infected
patients: analysis of 138 cases. Am J Med 1994; 96(3):223-228.
[43] Marshall DW, Brey RL, Cahill WT, Houk RW, Zajac RA, Boswell RN. Spectrum of
cerebrospinal fluid findings in various stages of human immunodeficiency virus
infection. Arch Neurol 1988; 45(9):954-958.
[44] Del Brutto OH. Neurocysticercosis. Semin Neurol 2005; 25(3):243-251.
[45] Salgado P, Rojas R, Sotelo J. Cysticercosis. Clinical classification based on imaging
studies. Arch Intern Med 1997; 157(17):1991-1997.
[46] do Amaral LL, Ferreira RM, da Rocha AJ, Ferreira NP. Neurocysticercosis: evaluation
with advanced magnetic resonance techniques and atypical forms. Top Magn Reson
Imaging 2005; 16(2):127-144.
[47] Teitelbaum GP, Otto RJ, Lin M, Watanabe AT, Stull MA, Manz HJ et al. MR imaging of
neurocysticercosis. AJR Am J Roentgenol 1989; 153(4):857-866.

361

362

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Novel Aspects on Cysticercosis and Neurocysticercosis
You can freely access the chapter at the Web Viewer here.
[48] Barry M, Kaldjian LC. Neurocysticercosis. Semin Neurol 1993; 13(2):131-143.
[49] Lotz J, Hewlett R, Alheit B, Bowen R. Neurocysticercosis: correlative pathomorphology
and MR imaging. Neuroradiology 1988; 30(1):35-41.
[50] Suss RA, Maravilla KR, Thompson J. MR imaging of intracranial cysticercosis:
comparison with CT and anatomopathologic features. AJNR Am J Neuroradiol 1986;
7(2):235-242.
[51] Chang KH, Lee JH, Han MH, Han MC. The role of contrast-enhanced MR imaging in
the diagnosis of neurocysticercosis. AJNR Am J Neuroradiol 1991; 12(3):509-512.
[52] Blake GJ, Rifai N, Buring JE, Ridker PM. Blood pressure, C-reactive protein, and risk of
future cardiovascular events. Circulation 2003; 108(24):2993-2999.
[53] Garcia HH, Evans CA, Nash TE, Takayanagui OM, White AC, Jr., Botero D et al.
Current consensus guidelines for treatment of neurocysticercosis. Clin Microbiol Rev
2002; 15(4):747-756.
[54] Ong S, Talan DA, Moran GJ, Mower W, Newdow M, Tsang VC et al. Neurocysticercosis
in radiographically imaged seizure patients in U.S. emergency departments. Emerg
Infect Dis 2002; 8(6):608-613.
[55] Rodriguez S, Dorny P, Tsang VC, Pretell EJ, Brandt J, Lescano AG et al. Detection of
Taenia solium antigens and anti-T. solium antibodies in paired serum and cerebrospinal
fluid samples from patients with intraparenchymal or extraparenchymal
neurocysticercosis. J Infect Dis 2009; 199(9):1345-1352.
[56] Tsang VC, Brand JA, Boyer AE. An enzyme-linked immunoelectrotransfer blot assay
and glycoprotein antigens for diagnosing human cysticercosis (Taenia solium). J Infect
Dis 1989; 159(1):50-59.
[57] Proano JV, Torres-Corzo J, Rodriguez-Della VR, Guizar-Sahagun G, Rangel-Castilla L.
Intraventricular and subarachnoid basal cisterns neurocysticercosis: a comparative
study between traditional treatment versus neuroendoscopic surgery. Childs Nerv Syst
2009; 25(11):1467-1475.
[58] Torres-Corzo JG, Tapia-Perez JH, Vecchia RR, Chalita-Williams JC, Sanchez-Aguilar M,
Sanchez-Rodriguez JJ. Endoscopic management of hydrocephalus due to
neurocysticercosis. Clin Neurol Neurosurg 2010; 112(1):11-16.
[59] Rodriguez S, Dorny P, Tsang VC, Pretell EJ, Brandt J, Lescano AG et al. Detection of
Taenia solium antigens and anti-T. solium antibodies in paired serum and cerebrospinal
fluid samples from patients with intraparenchymal or extraparenchymal
neurocysticercosis. J Infect Dis 2009; 199(9):1345-1352.
[60] Sahu PS, Parija SC, Narayan SK, Kumar D. Evaluation of an IgG-ELISA strategy using
Taenia solium metacestode somatic and excretory-secretory antigens for diagnosis of
neurocysticercosis revealing biological stage of the larvae. Acta Trop 2009; 110(1):3845.

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Extraparenchymal Neurocysticercosis
You can freely access the chapter at the Web Viewer here.
[61] Sahu PS, Parija SC, Jayachandran S. Antibody specific to 43kDa excretory-secretory
antigenic peptide of Taenia solium metacestode as a potential diagnostic marker in
human neurocysticercosis. Acta Trop 2010; 115(3):257-261.
[62] Atluri SR, Singhi P, Khandelwal N, Malla N. Neurocysticercosis immunodiagnosis
using Taenia solium cysticerci crude soluble extract, excretory secretory and lower
molecular mass antigens in serum and urine samples of Indian children. Acta Trop
2009; 110(1):22-27.
[63] Hell RC, Amim P, de Andrade HM, de Avila RA, Felicori L, Oliveira AG et al.
Immunodiagnosis of human neurocysticercosis using a synthetic peptide selected by
phage-display. Clin Immunol 2009; 131(1):129-138.
[64] Hellerstein MK, McCune JM. T cell turnover in HIV-1 disease. Immunity 1997; 7(5):583589.
[65] Nash TE, Singh G, White AC, Rajshekhar V, Loeb JA, Proano JV et al. Treatment of
neurocysticercosis: current status and future research needs. Neurology 2006;
67(7):1120-1127.
[66] Proano JV, Madrazo I, Avelar F, Lopez-Felix B, Diaz G, Grijalva I. Medical treatment for
neurocysticercosis characterized by giant subarachnoid cysts. N Engl J Med 2001;
345(12):879-885.
[67] Proano JV, Madrazo I, Garcia L, Garcia-Torres E, Correa D. Albendazole and
praziquantel treatment in neurocysticercosis of the fourth ventricle. J Neurosurg 1997;
87(1):29-33.
[68] Agapejev S, Da Silva MD, Ueda AK. Severe forms of neurocysticercosis: treatment with
albendazole. Arq Neuropsiquiatr 1996; 54(1):82-93.
[69] Del Brutto OH, Sotelo J, Aguirre R, Diaz-Calderon E, Alarcon TA. Albendazole therapy
for giant subarachnoid cysticerci. Arch Neurol 1992; 49(5):535-538.
[70] Singh G, Rajshekhar V, Murthy JM, Prabhakar S, Modi M, Khandelwal N et al. A
diagnostic and therapeutic scheme for a solitary cysticercus granuloma. Neurology
2010; 75(24):2236-2245.
[71] Del Brutto OH, Roos KL, Coffey CS, Garcia HH. Meta-analysis: Cysticidal drugs for
neurocysticercosis: albendazole and praziquantel. Ann Intern Med 2006; 145(1):4351.
[72] Colli BO, Martelli N, Assirati JA, Jr., Machado HR, de Vergueiro FS. Results of surgical
treatment of neurocysticercosis in 69 cases. J Neurosurg 1986; 65(3):309-315.
[73] Madrazo I, Garcia-Renteria JA, Sandoval M, Lopez Vega FJ. Intraventricular
cysticercosis. Neurosurgery 1983; 12(2):148-152.
[74] Psarros TG, Krumerman J, Coimbra C. Endoscopic management of supratentorial
ventricular neurocysticercosis: case series and review of the literature. Minim Invasive
Neurosurg 2003; 46(6):331-334.
[75] Bergsneider M. Endoscopic removal of cysticercal cysts within the fourth ventricle.
Technical note. J Neurosurg 1999; 91(2):340-345.

363

364

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Novel Aspects on Cysticercosis and Neurocysticercosis
You can freely access the chapter at the Web Viewer here.
[76] Rangel-Castilla L, Serpa JA, Gopinath SP, Graviss EA, Diaz-Marchan P, White AC, Jr.
Contemporary neurosurgical approaches to neurocysticercosis. Am J Trop Med Hyg
2009; 80(3):373-378.

