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Abstract: Neurocysticercosis (NCC] is the most common cause of acquired epilepsy in devel-
oping countries. It can present variably depending on the location and stage of cysts in the
nervous system, and the host immune response. The most common presentation of paren-
chymal NCC is with seizures that are usually focal and brief; status epilepticus occurs in some
cases. About a third of cases have headache and vomiting. Diagnosis is made by either CT or
MRI. Single, small, contrast enhancing lesions are the most common; visualization of a scolex
is diagnostic. Some cases have multiple cysts with a characteristic starry-sky appearance.
Although treatment with cysticidal therapy continues to be debated, there is increasing evi-
dence that it helps through increased and faster resolution of CT lesions; whether there is any
improvement in long-term seizure control needs further study. It should not be used in cys-
ticercus encephalitis or in ophthalmic NCC and used with caution in extraparenchymal NCC. It
is of no use in calcified lesions. Corticosteroids are used simultaneously to reduce cerebral
oedema. Seizures respond well to a single antiepileptic, and the seizure recurrence rate is low
in cases with single lesions; those with multiple, persistent or calcified lesions usually have
recurrent seizures. Extraparenchymal NCC is often associated with intracranial hypertension,
hydrocephalous and chronic meningitis; it has a guarded prognosis; surgical intervention is
required in many cases. Management of NCC needs to be individualized. NCC is potentially

eradicable; proper sanitation, hygiene and animal husbandry are warranted.
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Introduction

Neurocysticercosis (NCC) is one of the oldest
known and perhaps the most common parasitic
infections of the human nervous system. It is a
major cause of epilepsy and neurological disease
in many developing countries [White, 1997;
Commission on Tropical Disease of the
International League Against Epilepsy, 1994].
The World Health Organization (WHO) has esti-
mated that NCC accounts for over 50,000 deaths
per year and for active epilepsy in many times this
number of people [Roman ez al. 2000].

It is endemic in Latin America, South East Asia,
India, Nepal, China, Africa and many other
developing countries. With increasing globaliza-
tion and international travel, NCC is now being
reported from many developed countries such as
the USA, UK and many European countries.

Aetiology

NCC is caused by infection of the human central
nervous system (CNS) with encysted larvae of
the tapeworm 7Taenia solium. Humans are the

definite hosts and acquire intestinal 7. solium
(taeniasis) from pigs by ingestion of undercooked
pork infected with cysticerci. These cysticerci
release larvae that develop into adult tapeworms
that mature in the intestine, and shed thousands
of extremely contagious eggs in the faeces. NCC
is acquired by eating food accidently contami-
nated with these eggs, either through already
contaminated food or through transmission
from tapeworms carriers in the household
[Garcia et al. 2003].

The eggs hatch in the human intestine and
release larvae that penetrate the intestinal
mucosa, and migrate throughout the body to pro-
duce human cysticercosis. The cysts have a pre-
dilection to lodge in areas where the blood flow is
high. Most mature cysts are found in the CNS,
skeletal muscle, subcutaneous tissue, and the
eyes, although they may be found in any human
tissue.

The life cycle of the parasite is completed when
pigs ingest parasitic eggs passed in human faeces,
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by coprophagia or by grazing on contaminated
soil. The eggs hatch in the intestine into larvae
that invade the mucosa, to reach various tissues,
where they mature into cysticerci.

Pathogenesis

Most cysticerci lodge in the brain parenchyma
(parenchymal NCC) particularly at the grey-
white cortical junction. In general, cysticerci
live asymptomatically within host tissues for pro-
longed periods because of various protective
mechanisms. Studies on murine models using
the cestode Mesocestoides corti suggest that there
is a rapid release of certain glycoconjugates
(GCs) from the tegument of the parasite when
it penetrates into the CNS. The tegument is par-
tially lost and there is a temporary reduction in
the rate of tegument build up, and thus less anti-
genic exposure in the early stages of parasite inva-
sion. In addition, there is a continuous release of
the parasite GCs during the course of NCC
which leads to a suppressive and immunoregula-
tory environment that protects the parasite from
damaging inflammatory responses. Death of the
parasite ends this balance and an adverse inflam-
matory reaction ensues [Alvarez et al. 2008].
Immunomodulation through the production of
alternately activated macrophages (AAMs) that
lead to the production of downregulatory cyto-
kines and activation of the alternative arginaze 1
pathway has also been suggested as an immuno-
protective mechanism of the parasite [Rodriguez-
Sosa ez al. 2002].

Although animal models are not an accurate rep-
lica of natural infection in human beings, certain
features in these models correlate with some
studies performed in humans infected with
1. solium, and these models do provide some
insight into the pathophysiology of NCC
[Mahanty and Garcia, 2010].

The immune response in symptomatic human
NCC is thought to be of the Th1 phenotype pre-
dominantly, which is responsible for severe neu-
ropathology including the formation of
granulomas [White ez al. 1997]. Toll-like recep-
tors (TLRs), particularly TLR 4 polymorphisms,
have been reported to be significantly associated
with symptomatic NCC [Verma er al. 2010].
Newer mechanisms are being explored to under-
stand the complex neuropathology and heteroge-
neity of NCC.

In the brain parenchyma, the cyst evolves
through four stages. In the wesicular stage, the
cyst is filled with clear fluid, has a thin semitrans-
parent wall and an eccentric opaque 4—5mm
scolex. Vesicular cysts are viable, produce scarce
inflammatory changes and are usually asymp-
tomatic. When the host immune system over-
comes the protective mechanisms of the cyst,
the cyst starts degenerating and an inflammatory
response is elicited, the larva undergoes hyaline
degeneration and the clear cyst fluid is replaced
with gelatinous material; this is termed the colloi-
dal stage. The cyst then contracts, the walls are
replaced by focal lymphoid nodules and necrosis,
and the scolex is transformed into coarse miner-
alized granules forming the granular nodular stage.
Finally the granulation tissue is replaced by col-
lagenous structures and calcification giving rise
to the nodular calcified stage [Escobar, 1983]. At
this time the oedema subsides but there are peri-
lesional astrocytic changes. When cysts lodge
outside the brain parenchyma (extraparenchymal
NCCOC), such as in the ventricles, subarachnoid
space, or cisterns, they tend to grow irregularly
depending on the space available and usually
elicit a strong inflammatory response.
Occasionally the cysts enlarge considerably,
become racemose without scolices and cause
mass effects. Hydrocephalous can result either
because of direct obstruction of cerebrospinal
fluid (CSF) pathways by intraventricular cysts
or secondary to inflammatory obstruction.

Clinical manifestations

The clinical presentation of NCC is variable and
ranges from asymptomatic cases to cases with
severe neurological problems. The clinical mani-
festations are determined by the location,
number and viability of the cysts, and the host
immune response. There is also clinical hetero-
geneity across countries; most cases from the
Indian subcontinent present with single degener-
ating lesions whereas those from Latin America
and China present with few viable lesions [Singh,
1997]. Extraparenchymal NCC is frequently
seen in Latin American countries whereas it is
uncommon in the Indian subcontinent. These
variations are perhaps due to complex interac-
tions between the host, parasite and environmen-
tal factors [Fleury er al 2010]. Genetic
differences in 7. solium cysticerci have been
reported from different countries [Maravilla
et al. 2008; Vega er al. 2003] and may contribute
towards the clinical variations across countries.
A genetic susceptibility to NCC has been
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suggested by a reported positive association of
HLA-DRBII 13 with single, small, contrast
enhancing CT lesions (SSECTLs) [Jain ez al
1999]. However, familial aggregation of seizures
in first degree relatives of cases of NCC with sei-
zures was not found [Kelvin ez al. 2009].

NCC is common in adults, as well as in children.
Although it usually manifests after 5 years of age,
symptomatic NCC is seen even in preschoolers
and in infants. The prevalence of epilepsy in
Mexico was seen to increase with age [Fleury
et al. 2006]. There are also age-related differ-
ences in the manifestation of NCC. Most cases
of childhood NCC present with mild to moderate
symptomatology and single lesions; also extrapar-
enchymal NCC seen in adults is rarely seen in
children [Saenz er al. 2006].

The clinical manifestations of parenchymal
NCC are quite different from those of extrapar-
enchymal NCC

Parenchymal NCC

The most common presentation of parenchymal
NCC is with seizures. Seizures are reported in
70—90% cases; in a series of 500 children from
India, seizures were reported in 94.8% cases
[Singhi ez al. 2000]. In most cases, seizures
occur suddenly in an otherwise healthy individ-
ual. Seizures are often focal, with or without sec-
ondary generalization; sometimes they are
generalized. The higher frequency of generalized
seizures (60%) reported in adults [Del Brutto
et al. 1992] may be related to a higher number
of cases with multiple lesions. Children usually
present with a single brief seizure lasting less
than 5 minutes; however, some children may
have repeated seizures; clustering of seizures is
common in adults. Status epilepticus has been
reported in 1.7-32% of children [Talukdar
et al. 2002; Morales er al. 2000; Singhi et al
2000; Baranwal er al. 1998].

Seizures are thought to be evoked by the inflam-
matory response elicited by degeneration of the
cysts; however, they can occur with any stage of
the cyst. On the other hand, some individuals
with degenerating cysts in their brain can
remain asymptomatic. Seizures associated with
vesicular cysts on neuroimaging are frequently
reported from Latin American countries
[Carpio er al. 2008; Garcia er al. 2004] whereas
in Asian countries, seizures are usually associated
with degenerating cysts [Singhi ez al. 2000;

Singh, 1997]. Almost a third of NCC cases are
associated with headache and vomiting [Talukdar
et al. 2002; Singhi er al. 2000; Baranwal ez al.
1998]. Raised intracranial pressure with papilloe-
dema is reported in 2.3—6.6% of children; in
adults, earlier studies reported much higher fig-
ures of 28%; however, these included cases with
extraparenchymal NCC [Sotelo ez al. 1985a].

Depending on the location of the cysts, various
neurological deficits can occur but are uncom-
mon (4—6%) in children. Transient hemiparesis
and monoparesis have been described. Cysts in
the midbrain can cause ptosis [Singhi er al
2008]. Young children and adolescents, espe-
cially females, sometimes have an acute enceph-
alitic presentation, with numerous cysts and
diffuse cerebral oedema, and severe acute raised
intracranial pressure.

Extraparenchymal NCC

This is usually seen in adults and is uncommon in
children. The manifestations include raised intra-
cranial pressure and hydrocephalous particularly
with intraventricular cysts; arachnoiditis and
chronic meningitis can occur with subarachnoid
cysts. Stroke can occur secondary to vasculitis
caused by inflammatory occlusion of the arteries
at the base of the brain secondary to
arachnoiditis.

Other locations

Cysts within or compressing on the spinal cord
occur in 1-5% cases of adult NCC. They can
cause various symptoms and signs of spinal dys-
function. Those within the eyes and in the extra-
ocular muscles can cause visual deficits, other eye
symptoms, and limitation of eye movements.
Unusual presentations of NCC such as beha-
vioural changes, neurocognitive deficits, dysto-
nia, reported in adults, are rare in children.

Diagnosis

Diagnosis is mainly made by neuroimaging. In
most endemic countries a CT scan is performed
and is usually sufficient for diagnosis although it
can miss posterior fossa lesions. MRI is more sen-
sitive than CT for detection of the scolex and for
the diagnosis of extraparenchymal NCC. It may
at times miss small calcified lesions.

Parenchymal NCC

In cases with symptomatic parenchymal NCC,
the most common CT finding is a single, small
(<20 mm), low-density lesion with ring or disc
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enhancement which has been termed as a
SSECTL. The scolex appears as a bright high-
density eccentric nodule and is pathognomonic
of NCC (Figures 1 and 2). A SSECTL repre-
sents a degenerating cyst and is often associated
with perilesional oedema which is usually mild to
moderate, occasionally severe. Multiple lesions
are seen in some cases; numerous cysts of varying
stages may give the so-called ‘starry-sky’ appear-
ance which is typical of NCC (Figure 3).
Vesicular cysts generally appear as small round
lesions with CSF density cystic fluid; the wall is
isodense to the brain parenchyma; they either do
not enhance or are minimally enhanced on con-
trast and are not surrounded by oedema.
Calcified cysts are usually punctate or a few milli-
metres in size, hyperdense dots, single or multi-
ple, generally without any surrounding oedema.
Oedema may be seen around calcified lesions in
almost a third of cases with active seizures [Nash
et al. 2001].

On MRI the scolex is seen as a nodule that is
isointense or hyperintense relative to white
matter. It is better seen on fluid attenuated inver-
sion recovery (FLAIR) or diffusion weighted
images, as the bright perilesional oedema and
the high-intensity cystic fluid obscure the scolex
on T2 weighted images. Gadolinium-enhanced
MRI shows ring enhancement of lesions. A
study on the evolution of MRI characteristics in
single-lesion NCC showed that cyst contents

were initially T1 hypointense and T2 hyperin-
tense with inversion on FLAIR in 30.8% cases
but on later scans the contents were T2 hypoin-
tense. The cyst wall appeared initially as a T2
hypointense rim but subsequently became hyper-
intense. The enhancement pattern of the lesion
changed from an initial ring to subsequent disc

Figure 2. A single, small, contrast enhancing CT
lesion: disc.

Figure 1. A single, small, contrast enhancing CT
lesion: ring with scolex and perilesional oedema.

Figure 3. CT
neurocysticercosis.

scan showing multiple
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enhancement [de Souza ez al. 2010]. On MRI,
vesicular cysts appear as round lesions either iso-
intense or slightly hyperintense to the CSF.
Calcified lesions appear hypointense on all
MRI sequences and small lesions may at times
be missed.

Extraparenchymal NCC

The cysts may appear as multilobed CSF isoin-
tense lesions that occupy the cisterns, Sylvian fis-
sure or cerebellopontine angle. The findings of
arachnoiditis and chronic meningitis such as
enhancement of tentorium and basal cisterns,
hydrocephalous and occasionally infarcts may
be seen. Intraventricular cysts causing obstruc-
tion and hydrocephalous may be visualized.

Serological tests

The development of numerous serodiagnostic
tests using different parasitic antigens is indica-
tive of the fact that none of them are 100% sen-
sitive and specific, particularly in cases with
single-lesion parenchymal NCC. For multiple
lesions, the enzyme-linked immunoelectrotrans-
fer blot (EITB) assay using purified glycoprotein
antigens from 7. solium cysticerci was reported to
be highly specific (100%) and nearly 98% sensi-
tive as assessed for active lesions in hospitalized
patients. The sensitivity was less for single lesions
and for calcified lesions [Tsang er al. 1989]. A
comparative study of enzyme-linked immunosor-
bent assay (ELISA) and dot-blot assay in chil-
dren found that both were more sensitive in
cases with multiple brain lesions (100%) than
in those with a single lesion (87%) [Mandal
et al. 2006]. The sensitivity of antibody detecting
EITB assays is not better with the use of CSF
samples as compared with serum samples.
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 [Rodriguez er al. 2009]. In our practice,
we do not routinely use CSF samples for serolog-
ical tests.

It has been suggested that the use of excretory
secretory (ES) antigens, rather than somatic anti-
gens might improve the serodiagnosis of cases
with vesicular stages of the parasite [Sahu er al
2009]. The use of ES antigens for the detection

of antibodies in serum was found be more useful
than that in urine in patients with enhancing
lesions [Atluri ez al. 2009]. Three ES peptides,
namely 67kDa, 43kDa and 32kDa, were
reported to have high sensitivity and specificity
in both serum and CSF reactivity; 43 kDa was
particularly useful in the diagnosis of NCC
[Sahu er al. 2010]. It has been suggested that
synthetic peptide selected by phage display may
be useful in the immunodiagnosis of NCC [Hell
et al. 2009].

There is as yet no ideal immunodiagnostic test
for single-lesion NCC. In our unit we perform
NCC serology tests for all cases, keeping in
mind that a positive serodiagnostic test supports
the diagnosis of NCC; however, a negative test
does not exclude the diagnosis of NCC. It should
also be remembered that in endemic areas indi-
viduals may be seropositive without having NCC.

Other tests

Other tests that may support the diagnosis of
NCC include biopsy of subcutaneous nodules
(if present) to look for the parasite, and, in
adults, X-rays of skeletal muscles to detect calci-
fied cysts. Blood counts may show peripheral
eosinophilia in about a third of cases. Finding
tapeworms in stools is indicative of taeniasis but
does not necessarily indicate the presence of
NCC. In our previous studies we did not find
these tests to be very useful, hence we do not
perform them routinely.

In cases with NCC meningitis, CSF may show
mild elevation of protein, hypoglycorrhachia and
pleocytosis which may be lymphocytic, mono-
cytic or polymorphonuclear. In cases of paren-
chymal NCC, the CSF is usually normal and is
therefore not routinely indicated.

Diagnostic criteria for NCC incorporating clini-
cal, radiological, immunologic and epidemiologic
data of patients have been proposed, to provide a
definite or probable diagnosis [Del Brutto ez al.
2001].

Differential diagnosis

Owing to its pleomorphic presentation, NCC
needs to be considered in the aetiological differ-
ential diagnosis of several neurologic symptoms
and signs particularly seizures, headache and
vomiting, especially in endemic countries.
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In cases with a SSECTL, visualization of the
scolex is diagnostic of NCC. In cases where the
scolex is not seen, the most common differential
diagnosis is that of a tuberculoma, particularly in
countries where tuberculosis is endemic. Certain
criteria such as the presence of raised intracranial
pressure, progressive focal neurodeficit, size of
CT lesion >20mm, lobulated irregular shape
and marked oedema causing midline shift may
indicate a tuberculoma [Rajshekhar ez al. 1993].
Also tuberculomas are usually seen in the base of
the brain whereas NCC lesions are commonly
seen at the grey—white junction of the cortex.
However, none of these criteria are diagnostic
of a tuberculoma. It is our practice to obtain a
detailed history of contact, a Mantoux test and a
chest X-ray in all cases to exclude tuberculosis.
An MRI is indicated in cases with SSECTL
where a scolex is not seen. However, if it is not
feasible to obtain an MRI scan, and if the diag-
nosis of a tuberculoma is reasonably excluded
(by CT criteria, a negative Mantoux test,
normal chest X-ray and no history of contact
with a case of tuberculosis), a therapeutic trial
of cysticidal therapy with close clinical monitor-
ing can be given, and a CT scan repeated after
3 months. A reduction in size or disappearance of
the lesion confirms the diagnosis of NCC.

Other conditions such as microabscess, toxoplas-
mosis, fungal lesion, low-grade astrocytoma and
cystic cerebral metastasis may also be considered
in the differential diagnosis of enhancing lesions
[Singhi and Baranwal, 2001]. However, most of
conditions can usually be diagnosed based on the
associated clinical setting and often definitive
tests.

Other MR sequences including diffusion
weighted MRI [Gupta ez al. 2005; Raffin er al
2001], magnetization transfer ratio (MTR)
[Kathuria ez al. 1998], proton magnetic reso-
nance spectroscopy (MRS) [Pretell er al. 2005]
and 3D constructive interference in steady state
(BDCISS) [Robbani er al. 2004; Govindappa
et al. 2000] are being investigated for use in
cases where the scolex is not well seen and it is
difficult to make the diagnosis of NCC with cer-
tainty. Some of these may be helpful. The pres-
ence of a lipid peak on MRS indicates a
tuberculoma [Pretell ez al. 2005].

NCC meningitis and hydrocephalous need to be
differentiated from other causes of chronic men-
ingitis, and acquired hydrocephalus. A practical

schema of approach to a case with SSECTL that
we often use is depicted in Figure 4. If after this it
is still not possible to reach a diagnosis, other
differential diagnoses need to be reconsidered
and relevant investigations need to be done.
Stereotactic biopsy of the lesion, where feasible,
is indicated when the diagnosis cannot be
reached in spite of all other investigations.

Management
Management of NCC involves the use of cystici-
dal therapy and symptomatic therapy.

Cysticidal therapy

Medical treatment of NCC has been available for
the past 25 years and has been a matter of debate
since then. The two main aspects to be consid-
ered are (i) whether it is beneficial in cyst
destruction and (ii) whether it improves the clin-
ical outcome.

Destruction of cysts. Some of the earliest reports
showed that praziquantel was highly effective in
the destruction of viable parenchymal cysts and
somewhat less effective in meningeal cysticercosis
[Sotelo er al. 1985b, 1984]. Subsequently alben-
dazole was reported to be more effective than
praziquantel [Cruz er al 1991; Sotelo et al.
1990; Escobedo ez al. 1987]. Further studies con-
firmed the efficacy of cysticidal therapy in the
destruction of viable cysts [Medina et al. 1993;
Takayanagui and Jardim, 1992]. However, the
efficacy of cysticidal therapy was debated by pro-
ponents for [Del Brutto 1995] and against
[Kramer, 1995] it.

A randomized, controlled trial from Ecuador in
which neither praziquantel nor albendazole was
found to be effective for the destruction of viable
cysts questioned the efficacy of cysticidal therapy
[Carpio er al. 1995]. This evoked a strong com-
ment in favour of cysticidal therapy [Del Brutto,
1997]. In a recent randomized trial from Ecuador
by the same authors on 176 patients, 31% of
those who received albendazole were free of
‘active’ (viable) cysts versus 7% in the placebo
group (p=0.001) [Carpio er al. 2008].

While it is generally accepted that both prazi-
quantel and albendazole are effective in destroy-
ing viable cysts, their use in cases with enhancing
lesions has been debated as these lesions are con-
sidered to represent degenerating cysts, many of
which resolve spontaneously.
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SSECTL
| Scolex clearly seen | Scolex not seen
v
NCC Y v
(CT criteria not suggestive of (CT criteria suggestive of
tuberculoma/other DDs) tuberculoma/ = evidence suggestive
v of tuberculosis elsewhere***
MRI, (preferably with contrast) MRI not feasible
Tuberculoma
E—
| Scolex seen | | Scolex not seen |
v
NCC I
| MR Spectroscopy* |
Lipid peak+Evidence of No lipid peak AND no
tuberculosis elsewhere evidence suggestive of
tuberculosis™*
¥
Therapeutic trial of
L cysticidal therapy with <
Treat as tuberculoma close clinical monitoring
I I
| No clinical deterioration | | Any clinical deterioration
[ I
| Repeat neuroimaging after 8-12 weeks| Repeat neuroimaging
Decrease in size or Persistence/increase in size
disappearance of lesion of lesion
I : !
NCC diagnosis established Relook for tuberculosis/other causes
*Other special sequences if available may be done
**No evidence suggestive of tuberculosis=no history of contact, negative Mx, normal X-ray
chest and no evidence of tuberculosis elsewhere in the body
***As detailed under differential diagnosis
Figure 4. Practical schema for a diagnostic approach to a single, small, contrast enhancing CT lesion in
countries where neurocysticercosis and tuberculosis are endemic.
In a double-blind, placebo-controlled trial in with a significantly increased and faster disap-
63 children with single-lesion NCC, the use of pearance of lesions after 1 month (41%) as com-
albendazole (15 mg/kg/day for 4 weeks) within pared with placebo (16.2%; p < 0.05), and after
3 months of onset of seizures was associated 3 months (albendazole 64.5% wversus placebo
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37.5%; p<0.05) [Baranwal er al. 1998].
Subsequently several other trials have confirmed
this [Chaurasia ez al. 2010; Thussu ez al. 2008;
Kalra er al. 2003]. Other studies have not found
any beneficial effect of albendazole therapy [Das
et al. 2007; Padma er al. 1994]; however one of
these has methodological issues which include
wide variations in the age and in duration of epi-
lepsy in the cases included [Padma ez al. 1994].

Clinical outcome. The role of cysticidal therapy
in control of seizures secondary to NCC has been
debated [Carpio er al. 1998]. An improved sei-
zure control with the use of cysticidal drugs was
found in adults with epilepsy associated with
vesicular lesions [Medina et al. 1993; Del
Brutto er al. 1992; Vazquez and Sotelo, 1992]
as well as after enhancing lesions [Del Brutto
et al. 1992]. In a double-blind, placebo-
controlled trial of 120 patients with vesicular
lesions, cysticidal therapy was effective, at least
in reducing the number of seizures with general-
ization [Garcia et al. 2004]. Other studies have
not, however, found any significant improvement
in seizure control both in patients with live cysts
and multiple or single enhancing lesions [Carpio
et al. 2008, 1995; Das er al. 2007]. In a meta-
analysis of all therapeutic trials of NCC from
1966—1999 in NCC, the authors found only
four studies that used placebo-controlled cystici-
dal therapy. They concluded that there was a
lower risk of cyst persistence in CT at 6 months
among those who received cysticidal therapy, but
there was no decrease in seizure recurrence; how-
ever, the numbers studied were small [Salinas
et al. 1999]. In a repeat meta-analysis in 2007,
the same authors concluded that there is insuffi-
cient evidence to assess whether cysticidal ther-
apy in neurocysticerosis is associated with
beneficial effects [Salinas and Prasad, 2007].
A separate meta-analysis of randomized, pla-
cebo-controlled trials between 1979 and 2005
that included six trials of patients with vesicular
cystic lesions and five trials of patients with
enhancing (colloidal) lesions, found that cystici-
dal therapy was associated with a significantly
higher rate of complete resolution of vesicular
cystic lesions (44% wversus 19%; p—=0.025) and
a trend toward increased resolution of enhancing
lesions (72% wersus 63%; p=0.38) that became
statistically significant when an outlier trial was
excluded from the analysis (69% wversus 55%;
p»=0.006). The risk for seizure recurrence was
lower after cysticidal therapy in patients with
enhancing lesions (14% versus 37%; p <0.001).

In the single trial that evaluated the frequency of
seizures in patients with vesicular cystic lesions,
there was a 67% reduction in the rate of general-
ized seizures with treatment (p=0.006) [Del
Brutto er al. 2006]. A recent Cochrane review
of 21 randomized, controlled trials of cysticidal
therapy [Abba et al. 2010] concluded that in
adults with viable lesions the use of albendazole
was associated with a decrease in the number of
lesions but not in the recurrence of seizures.
There were no trials in adults with nonviable
lesions. In children, there were no trials for
viable lesions; for nonviable lesions, the use of
albendazole was associated with a decrease in sei-
zure recurrence, but not a reduction in lesions.
This is difficult to explain, particularly in view of
the fact that seizure recurrences are related to
persistent lesions. Also some of the studies
included in this review have included heteroge-
neous populations and also extraparenchymal
NCC, and as acknowledged by the authors them-
selves, ‘unexplained heterogeneity was intro-
duced by one relatively large but poorly
reported trial [Das er al. 2007] with results
mostly running in the opposite direction to
those reported in other trials’. It is therefore dif-
ficult to generalize these conclusions.

On the balance of evidence, cysticidal therapy
seems to be effective in reducing the number of
lesions, but its role in improving long-term sei-
zure control needs further Ilarger studies.
Cysticidal drugs have also been found to be effec-
tive in the treatment of extraparenchymal NCC
including orbital, spinal, intraventricular and
subarachnoid NCC, and even for giant cysts
[Proafio ez al. 2001] although resistance has
been reported by some [Cardenas ez al. 2010].

Cysticidal drugs. Albendazole and praziquantel
are the two main cysticidal drugs used for the
treatment of NCC. Albendazole was reported
to have increased efficacy as compared with pra-
ziquantel; however, a recent evaluation of pub-
lished studies concluded that the superiority of
either of these drugs cannot be established with
certainty [Garcia, 2008]. Albendazole is, how-
ever, preferred as it less expensive, better toler-
ated and has better penetration into the
subarachnoid space. Also, the bioavailability of
albendazole is increased by co-administration of
steroids [Jung et al. 1990] and is not affected
by phenytoin or carbamezepine, whereas that of
praziquantel decreases with co-administration
of steroids [Vazquez er al. 1987], as well as by

74

http://tan.sagepub.com



P Singh

phenytoin and carbamezepine [Bittencourt er al.
1992], which are often used as first-line anticon-
vulsants in children with seizures due to NCC.

Albendazole is used at a dose of 15 mg/kg/day
(maximum 800mg) in two or three divided
doses in children. In adults a dose of 400 mg
twice a day is used; higher doses are also being
evaluated. Albendazole is absorbed variably after
oral administration; its absorption is increased
with a fatty meal. In studies on population phar-
macokinetics of albendazole, it was found that
almost a quarter of the population has only
30% of drug absorption relative to others
[Castro er al. 2009]; this may be responsible for
some treatment failures reported in some studies.
Albendazole is rapidly metabolized in the liver to
albendazole sulfoxide which has potent anthel-
mintic activity. Albendazole sulfoxide has a
plasma half life of 89 hours (range 4-—15
hours) and is excreted mainly in the urine.
Albendazole has an excellent safety profile; side
effects occur rarely, in less than 1% cases and
include transient gastrointestinal symptoms
such as nausea, diarrhoea and vomiting.
However, side effects also depend on the dose
and duration of albendazole therapy; prolonged
use may cause an increase in serum aminotrans-
ferase, jaundice, headaches, loss of hair, leukope-
nia and thrombocytopenia.

Allergic phenomena such as urticaria, rashes and
oedema can occur, but are extremely rare.
Albendazole is teratogenic and embryotoxic in
animals and should not be used in pregnant
women. The duration of albendazole therapy
has varied. It is used usually for 28 days [Garcia
et al. 2002], although shorter durations of 8—14
days have also been used. In a placebo-controlled
trial of 1 week versus 4 weeks of albendazole ther-
apy in children with one to three enhancing
lesions, both regimens were found to be equally
effective both in terms of resolution of lesions as
well as seizure control at 1 year [Singhi er al
2003a]. A 3-day albendazole therapy has also
been found to be effective in increasing the cyst
resolution as compared with placebo [Chaurasia
et al. 2010].

Praziquantel is used at a dose of 50 mg/kg/day.
It is readily absorbed after oral administration
and reaches peak plasma levels within 2 hours.
It is rapidly metabolized by first-pass metabolism
to several inactive metabolites which are excreted
mainly in the urine and to some extent in the bile.

Praziquantel is generally well tolerated.
Dose-related side effects include abdominal dis-
comfort, headache, dizziness and drowsiness.
Idiosyncratic side effects include pruritus, fever,
rashes and muscle and joint pains. Side effects
are uncommon. The usual duration of therapy
is for a period of 15 days. A single day therapy
(25 mg/kg/dose in three doses) was found to be as
effective as a 7-day treatment with albendazole
[Prettel ez al. 2000]; however, it was not found
to be effective for multiple lesions [Prettel ez al
2001].

In the first placebo-controlled, randomized trial
of a combination therapy of albendazole and pra-
ziquantel in children with SSECTL, there was a
trend towards higher resolution of lesions in the
combination therapy group as compared with
albendazole alone. However, this was not statis-
tically significant. There was no difference in sei-
zure outcome in the two groups [Kaur er al
2009].

It is feared that the use of cysticidal therapy may
aggravate the host inflammatory response and
worsen the clinical condition; however, most
cases of parenchymal NCC do not show any
such worsening particularly when steroids are
used concomitantly. Cysticidal therapy should
not be used in cases (i) with markedly elevated
intracranial pressure, particularly in disseminated
NCC with extensive cerebral oedema or (ii) in
ophthalmic (intraocular) NCC, to avoid any
worsening of intracranial pressure and damage
to the eye, respectively. Steroids alone are used
in these situations. It 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 hyper-
tension is warranted. Cysticidal therapy is of no
use for calcified lesion(s). There is no universally
agreed single protocol for the treatment of NCC.
Consensus guidelines for the treatment of NCC
recommend an individualized approach [Nash
et al. 2006]. It is our practice to treat all symp-
tomatic NCC cases with viable or enhancing
lesions with albendazole, unless it is contraindi-
cated (intraocular NCC, NCC encephalitis).

Symptomatic therapy

Antiepileptic therapy. Seizures are often well
controlled with a single antiepileptic drug
(AED), and the recurrence rate after AED
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withdrawal is low in cases with single-lesion NCC
both in children [Talukdar ez al. 2002; Baranwal
er al. 2001] as well as in adults [Goel ez al. 2010].
Although a high recurrence rate after AED with-
drawal (76%) was reported in a study on 203
adults from Mexico [Del Brutto, 1994], this
study had included cases with pre-existing
single or multiple calcified lesions (53% cases);
in addition, of the 110 cases with vesicular cysts,
73% had multiple lesions. Recurrence of seizures
after AED withdrawal is correlated with the pres-
ence of multiple lesions prior to starting cystici-
dal therapy, and persistence or calcification of
lesions after therapy [Goel er al. 2010; Singhi
et al. 2003b; Del Brutto, 1994].

The optimal duration of AED therapy has been a
matter of debate. Although the usual practice has
been to use AED for 2 years seizure-free interval,
shorter durations of AED have been proposed. In
a randomized study of 106 children with
SSECTL, seizure recurrence after AED therapy
for 1 year versus 2 years seizure-free interval was
not significantly different and correlated signifi-
cantly with persistence or calcification of lesions
and an abnormal EEG at the time of withdrawal
[Singhi er al. 2003b]. It seems prudent to with-
draw anticonvulsants after a 1-year seizure-free
interval in cases where the lesion has disappeared
and the EEG has normalized; longer durations
are needed for those with persistent or calcified
lesions.

Corticosteroids. Oral corticosteroids are admin-
istrated generally a couple of days before and a
few days along with anticysticercal therapy so as
to prevent any adverse reactions that may occur
due to the host inflammatory response.
Pretreatment with steroids also increases plasma
levels of albendazole sulfoxide. Usually oral pred-
nisolone 1—2mg/kg is used; intravenous dexa-
methasone may be used if there are features of
raised intracranial pressure. In cases with dissem-
inated lesions and extensive cerebral oedema, ste-
roids may be required for a prolonged period.

The role of steroids in the resolution of cysts
remains controversial. In a randomized trial in
adults with live cysts wherein albendazole
(15 mg/kg/day for 8 days) and praziquantel
(50 mg/kg/day for 15 days), with oral predniso-
lone, were compared with oral prednisolone
only (1 mg/kg/day for 15 days) no significant dif-
ference was found in the proportion of patients
free of cysts at 6 months and 1 year and in the

proportion of patients free of seizures over
a 18-month follow up [Carpio er al. 1995].
In a randomized trial among 133 children with
SSECTL, disappearance of lesions at 3-month
follow up was somewhat higher (62.9%) in the
group that received corticosteroid plus albenda-
zole as compared with albendazole alone (59.5%)
or steroids alone (52.6%); however, this was not
statistically significant. Children in the cortico-
steroid group had significantly more seizure
recurrences while on AEDs [Singhi er al. 2004].
In another open-label randomized trial on 100
adults with SSECTL a significantly higher reso-
lution was seen in the group that received pred-
nisolone (68.1%) as compared with the group
that received only antiepileptic monotherapy
(60.9%) (p<0.05) [Kishore and Misra, 2007].
In an open-label study a significantly better res-
olution and decreased risk of seizure recurrence
were seen in prednisolone-treated patients as
compared with those who were not given pred-
nisolone [Mall ez al. 2003]. This aspect therefore
needs to be further studied. Our usual practice is
to start oral prednisolone 2 mg/kg/day, 2—3 days
before starting albendazole, and continue it for
the next 3—4 days. Children with moderate to
severe oedema are kept under observation for
24—48 hours after starting albendazole.
Prolonged steroid therapy is used in some chil-
dren with extensive oedema.

Role of surgery

Surgical intervention is required in some cases
particularly in intraventricular and subarachnoid
NCC. A ventriculoperitoneal shunt is needed for
hydrocephalous; simultaneous use of steroids and
albendazole and recurrent courses of steroids
reduce the risk of frequent obstructions and
shunt revisions. Endoscopic removal of cysts is
the least invasive and is therefore the procedure
of choice [Goel ez al. 2008; Suri er al. 2008].
Excision of giant cysts that fail to respond to
medical therapy may be required.

Follow up

All cases on treatment require periodic follow up.
A repeat CT scan after 3—6 months is generally
indicated to determine whether the lesions have
resolved. A repeat course of cysticidal therapy is
often given in cases with persistent (but not cal-
cified) lesions.

Prognosis
Cases with single lesions generally have a good
prognosis: seizures are usually well controlled
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and lesions disappear within 6 months in over
60% cases. Cases with multiple lesions, and
those with calcifications often have frequent sei-
zure recurrences. Cysticercus encephalitis and
extraparenchymal NCC have a guarded
prognosis.

Prevention

The only way to reduce the burden of disease due
to NCC is to prevent it. Public education regard-
ing proper hygiene and sanitation, and enforcing
strict animal husbandry and meat inspection pro-
cedures are warranted. Mass treatment programs
of the population to eliminate tapeworms with
the use of niclosamide [Allan er al. 1997] or
with praziquantel [Sarti er al. 2000; Cruz er al
1989] have been successful in temporarily reduc-
ing the transmission of the disease, but the effect
was not sustainable. Treatment of pigs with cysti-
cidal therapy such as oxfendazole has been inves-
tigated. A combined human (praziquantel 5mg
single dose) and porcine (oxfendazole 30 mg/kg
in two rounds) chemotherapy program in Peru
led to a decrease in the prevalence and incidence
of porcine infection for almost 2 years but its
magnitude was small [Garcia er al 2006].
There is a potential danger of causing symptoms
in asymptomatic cases of NCC when praziquan-
tel is used and therefore some prefer the use of
niclosamide for such programs. However, no
such significant incidents have been reported in
the studies conducted so far. In the study by Cruz
and colleagues, of the 10,173 persons treated,
there was one case of seizures; however, the
authors could not relate this directly to
treatment.

Vaccination of pigs with different vaccines against
T. solium has been tried with varying rates of suc-
cess. The most effective of these has been the
TSOL 18 vaccine. In a field trial, the use of
TSOL 18 vaccine together with a single treat-
ment of pigs with oxfendazole was effective in
stopping the transmission of 7. solium by pigs
[Lightowlers, 2010]. Simultaneous mass treat-
ment of the population with anthelminthics,
and vaccination of pigs has been suggested and
is in progress in Peru [Mahanty and Garcia,
2010]. All of these methods have obvious limita-
tions in resource poor countries where the disease
is endemic.

Conclusion
NCC is the most common cause of acquired epi-
lepsy in developing countries. The wuse of

albendazole is associated with increased and
faster resolution of lesions. However, whether it
leads to a better control of seizures needs further
study. Successful medical therapy has limited the
need for surgery in NCC. Corticosteroids are
used for the reduction of cerebral oedema asso-
ciated with NCC. Seizures are well controlled in
most cases of single-lesion NCC but frequently
recur in cases with multiple lesions. Prevention of
NCC is essential to reduce the global burden of
the disease.
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