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Neurocysticercosis – A Journey from 
Pre-independence to Modern India

Neurocysticercosis (NCC) is infestation of the human brain by the larva of worm, 
Taenia solium and is the most prevalent central nervous system (CNS) helminthiasis.  
The disease is widespread in tropical and subtropical regions of the world, including the 
Indian subcontinent, China, Sub-Saharan Africa, Central and South America and 
contributes substantially to the burden of epilepsy in these areas(1) . CNS involvement 
is seen in 60-90% of systemic cysticercosis. About 2.5 million people worldwide are 
infected with T. solium, and antibodies to T. solium are seen in up to 25% of people in 
endemic areas(1-3) . A higher prevalence of epilepsy and seizures in endemic countries 
is partly because of a high prevalence of cysticercosis in these regions. Seizures are 
thought to be caused by NCC in as many as 30% of adult patients and in 51% of children 
in population based endemic regions (2) . About 12% of admissions to neurological 
services in endemic regions are attributed to NCC and nearly half a million deaths 
occurring annually worldwide can be attributed directly or indirectly to NCC (Bern et 
al.). Punctate calcific foci on CT scan are a very common finding in asymptomatic  
people residing in endemic areas, found in 14-20 % of CT scans. Both seizures and 
positive cysticercus serology are associated with the detection of cysticerci on CT 
scans.  Seroprevalence using a recently developed CDC- based enzyme-linked 
immunotransfer blot (EITB) assay is estimated at 8-12% in Latin America and 4.9-24% 
in Africa and South-East Asia. It is estimated that 20 million people harbour 
neurocysticercosis worldwide(1) .
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INTRODUCTION

 Neurocysticercosis is the main 
cause of acquired (late-onset) epilepsy in 
many resource- poor countries(4) . The 
clinical presentation, course and outcome 
of NCC depends on clinical subtype of 
NCC, which in turn is determined by 
several factors : the anatomical location of 
the cysticerci (parenchymal NCC, 
subarachnoid-racemose cysticerci, 
ventricular cysticerci, spinal cysticerci), 
number of cysticerci (single, few, 
disseminated) and evolutionary stage of 
the cysticerci(5) .  The latter, i .e., 
e v o l u t i o n a r y  s t a g e  i s  b a s e d  o n 
p a t h o l o g i c a l  c l a s s i fi c a t i o n  o f 
cysticercosis but has been adapted for use 
in clinical and imaging studies(6-7) . The 
vesicular stage refers to the live or cystic 
or active stage of the cysticercus. The 
colloidal stage is also called transitional or 
degenerating stage. Likewise, the 
granular nodular stage represents the 
dying parasite. The fibro-calcified stage 
represents the dead or inactive parasite. 
The varied presentations of NCC are due 
to the several different combinations of 
location, number and stage of the 
cysticerci. For instance, multiple NCC, 
especially when the number of cysts is in 
100s presents with dementia and raised 
intracranial pressure (8-9) . When 
multiple parenchymal cysticerci begin to 
degenerate, the clinical presentation is one 
of raised intracranial tension, seizures and 
focal neurological deficits. On the other 
hand, when only solitary or few cysticerci 
degenerate, the clinical presentation 
comprises of few seizures, that are usually 
easily controlled(10) . These single or few 

cysticerci represent a relatively benign 
form of NCC. Other manifestations of 
N C C  i n c l u d e  c o m m u n i c a t i n g 
hydrocephalus, stroke-like presentation 
and cranial nerve deficits in the case of 
subarachnoid-racemose cysticercosis and 
obstructive hydrocephalus in the case of 
intraventricular NCC (11-12) .

 The lack of basic sanitation, 
contamination of available drinking water 
and crowded living conditions, often with 
animals living side by side- all of which 
render people at risk for developing 
cysticercosis in resource- poor regions of 
the world.  In community-based studies in 
endemic regions, seizures are associated 
with pig-raising and positive cysticercus 
serology(13) .  Due to the epidemiology of 
the disease, it is particularly common in 
the slums. 

 Long-held concepts regarding the 
global burden of the disease, its morbidity 
and mortality and its prevalence in 
endemic areas have changed considerably 
following developments in the fields of 
epidemiology and neuroimaging.  A 
major false assumption was the belief that 
NCC occurs only after eating raw or 
contaminated pork(14) . It is now believed 
tha t  any  uncooked  food  may be 
contaminated with ova of T. solium. 
Contamination is known to occur when 
raw vegetables grown in land fertilised 
with human faeces are ingested, or when 
people harbouring tapeworms prepare 
food with hands containing the ova. This 
is borne out by the fact that areas with 
tradition of good sanitation do not report a 
high incidence of NCC, but regions with 
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less developed sanitation systems may 
have as much as 10% prevalence of 
cysticercosis.

 As computed tomography (CT) and 
magnetic resonance (MR) imaging began 
to be routinely used in patients suffering 
from seizures, it became apparent that the 
prevalence of NCC was much greater than 
previously thought. Epilepsy was not 
known as a frequent symptom of NCC in 
the pre-CT era except for Dixon and 
Lipscomb's early study on British soldiers 
stationed in India.  Definitive diagnosis of 
this condition could only be made post 
mortem  unti l  the use of imaging 
techniques coupled with serologic assays 
for the detection of parasite antigen in 
blood and cerebrospinal fluid (CSF). 
These methods enabled easy and accurate 
diagnosis of NCC in a large proportion of 
people with epilepsy,  and led to 
recognition of this disease as a major 
public health problem worldwide. 

 Economic costs of NCC include 
costs of medical treatment, lost working 
d a y s  a n d  l o s s  d u e  t o  l i v e s t o c k 
condemnation. In a study from India, the 
authors estimated the direct cost per 
patient with NCC treated with AEDs for 
the period until resolution of lesion to be 
Rs. 5916 or 41.4% of GNP per capita(15) . 
Total costs including indirect costs were 
calculated to be Rs. 7273 per patient or 
50.9% of GNP per capita. Based on these 
estimates, annual costs due to NCC in 
India have been pegged at Rs.104 
million/year. In Mexico the corresponding 
figure stands at Rs. 3560 million and in 
Brazil at Rs.3400 million/year. Due to 

increasing migration into affluent 
countries from endemic areas, these 
nations also face a substantial disease 
burden: 10% of seizures in the South-
Western USA are due to NCC and the 
annual loss due to NCC in the USA has 
been calculated to be US$ 8.8 million.

 The most important aspect of NCC 
prevention and control is proper sanitation 
and maintenance of personal hygiene(16-
17) .  Scientific pig rearing measures with 
proper feeding, antihelminthic treatment 
to pigs, and pig vaccination are being 
investigated as methods of eliminating T. 
solium from endemic communities. 
Inspection and proper cooking of pork is 
essential to prevent development of the 
carrier stage. Carriers may be treated with 
niclosamide or single dose praziquantel.

Taenia solium: Life Cycle 

 Man is the only definitive host for T. 
solium, the adult worm which inhabits the 
human jejunum and ileum. However, the 
developmental cycle of the parasite 
includes a larval stage in intermediate 
hosts, which are usually pigs but may by 
accident also be human beings (Fig. 1) 
(5,18) . Ova are liberated into the 
environment per anum in the form of egg-
containing segments (gravid proglottids) 
and shed from the body of the worm which 
may, by means of contaminated food or 
water, be ingested by another human host. 
The definitive host may also be infected 
through faecal-oral contamination as a 
result of poor hygiene and also by reverse 
peristalsis, which leads to the migration of 
ripe proglottids to the stomach. In either 
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case, the eggs rupture to liberate 
hexacanth larvae (oncospheres) which 
burrow into the gastric mucosa and reach 
the portal venous system. From here, they 
are distributed across the blood stream to 
various organs. Once they reach small 
terminal vessels, the embryos establish 
and encyst to form the larval vesicles or 
cysticerci, reaching their definitive size in 
2-3 months. They are then disseminated to 
various organs, preferentially to more 
vascular structures such as the ones like 
skeletal muscle, brain and eye. In the 
brain, parenchymal involvement is more 
common than extraparenchymal. Outside 
the nervous system, cysticercosis causes 
few symptoms as the parasitic cysts are 

destroyed by the host's immune response. 
Symptoms or signs usually result from 
parasites located in the eye or the nervous 
system. Pigs are infested by eggs or 
proglottids in the stools of a human 
tapeworm carrier. 

 The number of ingested ova, 
duration of exposure, and viability of ova 
influence the host response, clinical 
features and the course of the disease. 
Once lodged in host tissue the contents of 
the oncospheres liquefy leading to 
formation of the cysticercus.

Fig.  1 :   Figure depicting the life cycle of Taenia solium, going through 
various stages from egg to oncospheres to adult 
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Clinical Manifestations :

 Symptoms and signs of NCC 
infection of the human brain are several 
and varied(19-20) . These may be delayed 
for years or may remain subclinical and 
depend on the host response, location 
number and size of the cyst/s(19). The 
mean duration between infection and 
presentation is 10.7 months (range 6-27 
months) (11).  Epilepsy is major problem 
in resource poor countries (with a 
prevalence of 5-10/1000 people), largely 
because of the high prevalence of NCC in 
these areas(2, 4) . Following the advent of 
CT, Latin American studies have shown 
that over 30% of epilepsy, and over half of 
all late-onset seizures are related to 
NCC(2,4 ,21) .  Parenchymal  NCC 
commonly presents with seizures (up to 
90%) and headaches (11, 22). Seizures 
may be single, clustered or recurrent. 
They are either focal with or without 
secondary generalization or may be 
generalized at onset. Extraparenchymal 
cysts are usually not associated with 
seizures  and these pat ients  most 
commonly present with hydrocephalus, 
arachnoiditis, cranial nerve palsies and 
stroke-like episodes(12, 22, 23). 

 In children too, seizures have been 
r e p o r t e d  t o  b e  t h e  c o m m o n e s t 
manifestation of NCC (65.5%), followed 
b y  h e a d a c h e  ( 3 7 . 9 % )  a n d  f o c a l 
neurological deficits (24). Around 26-
72% of children with a first seizure have a 
ring or disc lesion on CT, which in most 
cases represents SCG (25). 

 Seizures may occur in any stage of 
NCC, but acute symptomatic seizures 
occur when a parenchymal cyst starts 
degenerating (symptomatic of the acute 
inflammatory response), and chronic 
epilepsy is perhaps due to gliosis around a 
chronic calcific lesion. Thus, seizures 
could occur due to several reasons in 
NCC. In resource poor countries, NCC is 
probably the commonest cause of acute 
symptomatic seizures; 92% of Indian 
patients with recurrent acute symptomatic 
seizures were due to NCC in one series 
(26).  It  has been proposed that seizures in 
the context of a degenerating cyst with 
oedema be considered acute symptomatic 
seizures, while those occurring in persons 
with calcified cysticerci are unprovoked 
(18). 

Classification of NCC:

 It is important to classify NCC as 
treatment and prognosis depends upon the 
classification. One way of classifying 
NCC is according to the pathological 
stages described by Escobar (6). Once a 
cys t i ce rca l  cys t  lodges  in  b ra in 
parenchyma, it undergoes spontaneous 
involution over varying periods. A 
parenchymal cyst typically goes through 
four morphological stages of involution: 
(a) vesicular; (b) colloidal; (c) granular-
nodular and (d) calcific. This entire 
process may take between few weeks and 
several years. 

 Patients may also be classified into 
those with active infection (with live 
c y s t i c e r c u s ) ,  t r a n s i t i o n a l  f o r m 
(degenerating cyst) or inactive disease 
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(dead parasite), although they frequently 
have multiple cysts simultaneously in 
varying stages of involution (7). Those 
patients with inactive infection may show 
calcification on CT, plain X-ray or MR: 
the former is thought to be most sensitive. 
They typically have a history of seizures 
in the past. However, the presence of such 
calcific foci is a known risk factor for 
seizure recurrence. Active parenchymal 
neurocysticercosis represents over 60% of 
cases  in  most  ser ies ,  present ing 
predominantly with seizures (22). On 
imaging, most patients show evidence of 
inflammation around the cysts in the form 
of oedema or enhancement of the cyst 
wall. Finally, depending upon the site of 
involvement, NCC may be classified into 
cranial (parenchymal, ventricular, 
subarachnoid – cisternal), spinal and 
mixed.

Diagnosis of Neurocysticercosis :

 Accurate diagnosis of NCC is 
possible after interpretation of clinical 
d a t a  t o g e t h e r  w i t h  fi n d i n g s  o f 
neuroimaging studies and results of 
immunologic tests. 

Imaging Diagnosis: 

 Computed tomography (CT) and 
magnetic resonance imaging (MRI) 
provide objective evidence about the 
topography of lesions, then evolutionary 
stage and degree of the host inflammatory 
response against cysticerci. CT is superior 
for detection of calcific lesions, whereas 
intraventricular, subarachnoid cysts and 
peri-cystic inflammation are better 

delineated by MRI. The intraventricular 
f o r m  p r e s e n t s  w i t h  o b s t r u c t i v e 
hydrocephalus, and only indirect signs 
like enlargement or deformation of 
ventricles or basal cisterns are seen on CT. 
MRI is the most accurate technique for 
imaging cysticercosis, providing the best 
evaluation of the degree of infestation, 
location and evolutionary stage of the 
parasite. MRI is more sensitive than CT 
scan for  the diagnosis  of  neuro-
cysticercosis, since it better recognizes the 
perilesional edema and the degenerative 
changes of the parasite, as well as small 
cysts or those located in the ventricles, 
brain stem, cerebellum, or the eyes, and 
the racemose vesicles at the level of the 
posterior fossae and basal cisterns. CT 
scan, however, is more sensitive for the 
detection of calcifications. 

 Most parenchymal lesions appear 
and show enhancement on contrast 
injection, usually surrounded by oedema. 
The vesicular stage, with a viable larva, 
appears as a smooth thin-walled cyst that 
is CSF-like on CT and MR images with no 
oedema or contrast enhancement. A mural 
nodule is often present that represents a 
v iab le  l a rva l  sco lex .  When  cys t 
degeneration begins (colloidal stage) and 
host inflammatory response ensues, 
per icyst ic  oedema and cyst  wal l 
enhancement are present. Enhancement 
implies disruption of the blood-brain 
barrier. Cyst fluid is hyperintense 
compared to CSF on MR imaging during 
this stage. The colloidal stage has a thicker 
enhancing wall enclosing cyst fluid and 
prominent oedema. In the healing or 
granular nodular stage, nonenhanced CT 

Neurocysticercosis – A Journey from Pre-independence to Modern India



82

scans show an iso-attenuated cyst with a 
hype ra t t enua ted  ca l c ific  sco lex . 
Surrounding oedema is still present, and 
enhancement following contrast material 
administration persists. The residual cyst 
is isointense to the brain parenchyma on 
T1- weighted images and it is iso- to 
hypointense on T2-weighted images. 
Nodular or micro-ring enhancement is 
common at this stage, suggesting 
granuloma. Occasionally, a “target” 
appearance is seen with the calcified 
scolex in the centre of the mass. In the 
quiescent or residual stage, small calcified 
nodules without mass effect and usually 
without enhancement are seen. 

 Advantages of MRI over CT 
include: (a) capability of testing in 
different planes (axial, coronal, sagital); 
(b) it does not use iodine contrast and thus 
subjects are less prone to allergic 
reactions; (c) better sensitivity, except for 
calcifications; (d) it has various functional 
protocols (T1, T2, FLAIR, etc.) that allow 
for a better characterization of the parasite 
and of its evolutionary stage, and (e) no 
risk of radioactivity exposure.

Serological Diagnosis : 

 The enzyme-linked immuno-
electrotransfer blot assay (EITB, Western 
Blot) provides specific confirmation of the 
diagnosis of NCC (27). In brief, this assay 
ut i l izes  seven pur ified T.  sol ium 
glycoprotein antigens (diagnostic bands 
GP50, GP42-39, GP24, GP21, GP18, 
GP14, and GP13) in an immunoblot 
format to detect infection-specific 
antibodies in serum or CSF samples. 

Reactions to at least one band are 
considered positive. Specificity of this 
assay is 100%, and its sensitivity in cases 
with viable parasites is estimated to be 
over 95% although it may be significantly 
lower in patients with a single cyst or a 
single degenerating parasite (28). 
Serologic tests are a valuable complement 
to neuroimaging in the evaluation of 
patients with suspected NCC, but they 
should not be used alone to exclude or 
confirm the diagnosis.

Solitary Cysticercus Granuloma :

 A single enhancing CT lesion 
measuring less than 20 mm is a common 
finding upon CT of the brain of patients 
with seizures in India (29, 30). This lesion 
represents  a  sol i tary  cyst icercus 
g r a n u l o m a  ( S C G )  i n  t h e  a c u t e 
encephalitic phase. Epileptic seizures are 
by far the most common clinical 
manifestation of the SCG. While there is 
an over-abundance of reports of patients 
with SCG from India, these lesions have 
been reported from all over the world. In a 
hospital-based study from South India, 
this lesion accounted for 26% of 
etiological factors of symptomatic 
localization-related seizures (31) and 50% 
o f  e t i o log i ca l  f a c to r s  f o r  a cu t e 
symptomatic seizures. The SCG is one of 
the commonest form of NCC. Its true 
incidence in comparison to other forms of 
NCC is not clear. In the hospital-based 
studies the reported frequency of solitary 
cyst (either granuloma alone, or SCG and 
solitary live cysts taken together) varied 
between 3.5% to 43% (32) . In a study 
f rom Ecuador  s tudy,  th i s  l e s ion 
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represented the single most common form 
of presentation of NCC, accounting for 
23% of the cases (33).

Historical Perspective :

 The solitary, small enhancing 
lesions , with surrounding edema were 
first reported as microtuberculomas  or 
immature tuberculomas , by Bhargava and 
Tandon (34). There was no histological 
diagnosis at that time. Similar CT lesions 
were reported by some other Indian 
authors also. Wadia and colleagues also 
s u g g e s t e d  s i m i l a r  l e s i o n s  a s 
microtuberculomas on the basis of a study 
on 39 patients with single small enhancing 
CT lesions (SSECTL), of whom ten 
patients had pulmonary tuberculosis (35). 
On this basis they advocated anti 
tubercular therapy for all patients with 
SSECTL. The diagnosis of micro-
tuberculomas was first challenged  by 
Sethi and colleagues (36), when they 
reported spontaneous resolution of lesions 
in patients with seizures, who did not take 
antitubercular treatment. These lesions 
were then described as Vanishing or 
Disappearing lesions in many reports (29, 
37). Few authors considered these lesions 
as post-ictal as a result of breakdown of 
the blood brain barrier (29). Rajshekhar 
and colleagues performed stereotactic 
biopsy in patients with SSECTL and 
found evidence of cysticerci or merely 
parasitic material in several biopsy 
materials  (38-41). The authors concluded 
that the majority of SSECTLs were 
solitary cysticercus granulomas (SCG). 
Subsequently, they evolved a set of 
diagnostic criteria for an initial diagnosis 

of SCG. These diagnostic criteria were 
found to have a sensitivity of 99.5 %, 
specificity of 98.9%, positive predictive 
value of 99 %, and negative predictive 
value of 99.5 %  (42). Diagnostic criteria 
were further elucidated in a consensus 
paper (Table 1).

Table 1.Clinical and radiologic features 
consistent with diagnose of SCG

A. Clinical Feature that are supportive 
of diagnosis of SCG

 Focal seizures or without secondary 
generalization

 Note: Seizures may be new onset or 
o f  l o n g e r  d u r a t i o n  m a y  b e 
generalised at onset may occur in 
clusters (2 or more seizures over 2-3 
days) may be flowed by unilateral or 
diffuse headache lasting for a few 
hours to day/s or may be followed 
by transient and mild postictal 
neurological deficit.

B. Clinical features that make a 
diagnosis of SCG unlikely

 Persistent and severe neurological 
deficit

 Clinical evidence of intracranial 
hypertension

 Evidence of neurologic disorder, 
other systemic disease (i.e systemic 
infection such as AIDS),that can 
account for imaging findings.

 Age < 2 years and > 60 years
C. CT-features compatible with 

diagnosis of SCG (see Fig. 1)
 Single small (<20 mm) well defined
 Contrast -enhancing (closed ring 

disc or nodular type)
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 With or without surrounding edema
 Associated with minimal mass 

effect and no midline shift
D. MRI features compatible with 

diagnosis of SCG (see Fig. 1)
 Single small (< 20mm lesion with 

fluid contents)
 T1 sequence intensity slightly 

greater than or isointense of CSF
 T2 sequence hyperintense or 

i sohypointense  wi th  centra l 
hyperintensity

 Ring or nodular type enhancement 
after contrast

 Scolex may or may not be visible as 
an eccentric nodule within the fluid 
cyst contents

 (T1  i so in t ense  and  T2  i so - 
hypointense)

 Mild to moderate surrounding 
edema but no midline shift

                                                    
Abbreviation SCG- Solitary cysticercus 
granuloma

 These criteria were adapted from a 
review article, “A Diagnostic and 
therapeutic scheme for a Solitary 
Cysticercus Granuloma” (Neurology 75, 
December 14, 2010)(43).

Treatment of Neurocysticercosis :

Antihelminthic Therapy :

 A l t h o u g h  a l b e n d a z o l e  a n d 
praziquantel have been available since the 
1980s and are relatively safe drugs with 
minimal toxicity and brief dosage 
s c h e d u l e s ,  e v e n  t o d a y  t h e r e  i s 
considerable debate about their role in the 

treatment of NCC (44, 45). Anecdotal 
reports of the efficacy of the isoquinoline 
derivative praziquantel in NCC were 
available from the early 1980s, and an 
uncontrolled clinical trial in 1985 
suggested its usefulness in patients with 
viable parenchymal cysticerci (46). 
Similarly, albendazole, a benzimidazole 
derivative has been used for human NCC 
since 1988 (47).

 A head- to -head  compar i son 
between the two antihelminthic agents 
showed albendazole to be slightly 
superior, to have better penetration into 
the brain, and to cost less (47). The usual 
30-day duration of treatment (15mg/kg/ 
day in 2 divided doses) is based on prior 
experience with human echinococcus, but 
serial MRI studies have demonstrated an 
equal benefit with an 8-day course (48) . 
Various studies have demonstrated equal 
efficacy with 15- and 17-day courses of 
albendazole, the outcome being measured 
by the change in cyst number and 
morphology on successive contrast-
enhanced CT scans (49).  On cysticidal 
treatment including both praziquantel and 
albendazole, the problem is that patients 
may develop headache or vomiting during 
treatment due to the strong inflammatory 
reaction elicited in the brain due to larval 
degeneration induced by the anti-
helminthic agent. In one study conducted 
on patients with multiple cerebral 
cysticerci, adverse effects including 
nausea, vomiting and abdominal pain 
were seen in 38% of patients receiving 
albendazole. These were more severe with 
longer therapy. Headache was seen in 90% 
of patients at baseline and in 92% during 
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therapy. 24% had seizures during 
treatment, all of which had prior history of 
seizures. Anti-inflammatory drugs and 
corticosteroids have been used widely to 
manage the antihelminthic drug-induced 
exacerbations. However, the routine use 
of  s teroids  is  not  recommended, 
particularly as concomitant steroid 
administration reduces plasma levels of 
praziquantel. They may be given if the 
patient develops symptom or signs of 
in t racrania l  hyper tens ion  dur ing 
treatment. 

 As noted above, the effect of 
cysticidal therapy on the course and 
outcome of the disease has been a matter 
of considerable debate. The possible 
outcomes f rom the host  paras i te 
interaction in NCC include continued 
growth of the parasite, eventually 
producing a giant cyst, death of the cyst 
with resolution or calcification, and 
immune-mediated damage to the CNS 
parenchyma leading to neurologic 
symptoms and sequelae (50). Four main 
arguments have been put forth to support 
the view that cysticidal treatment is at best 
ineffective in preventing further seizures, 
a n d  m a y  e v e n  l e a d  t o  c l i n i c a l 
de t e r io r a t i on .  F i r s t ,  t he  sudden 
destruction of parasites engendered by 
treatment may trigger an inflammatory 
reaction resulting in headache and 
seizures acutely, or an excess of gliosis in 
the long run leading to more seizures. 
Second, in a considerable fraction of 
patients with NCC, the disease is either 
clinically-silent or produced only mild 
symptoms (e.g., occasional seizures), 
which are easily managed. Third, in some 

patients the disease will be adequately 
eliminated either by host's response or 
spontaneous regression without the need 
for therapeutic intervention. Finally and 
fourth, the physical elimination of the 
parasite does not necessarily mean that the 
patient's neurologic dysfunction would 
improve. Against this has to be weighed 
the fact that therapy is safe, effective and 
convenient?

 In 2004, the results of a randomised, 
placebo-controlled trial of albendazole in 
cystic parenchymal NCC were reported 
(51). This trial proved to be a benchmark 
in clinical trial research in NCC with its 
optimal study design, selection of 
outcome parameters and sound analysis. 
The study revealed that with treatment 
wi th  a lbendazole ,  more  pa t ien ts 
demonstrated resolution of their lesions at 
six months post-treatment. At six months, 
37% in the treated group were free of 
active lesions in comparison to 14% in 
placebo group. In addition, fewer patients 
in the treated group had partial seizures 
and significantly fewer patients had 
seizures with secondary generalization 
over a two-year period. Between 2 and 30 
months of follow-up, 33% in the treated 
group in comparison to 48% in the 
placebo group had partial seizures (not 
significant). In the same period, 22% in 
the treated group had seizures with 
secondary generalisation in comparison to 
37% in the placebo group (p=0.003). 
Thus, treatment with albendazole resulted 
in a reduction in the number of seizures 
and this effect was significant for seizures 
with secondary generalization. The 
authors of this study underscored the 
benefits of treatment with the argument 
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that generalised seizures had a more 
devastating impact on the lives of the 
patients than partial seizures and hence, 
their reduction was a worthwhile outcome 
of treatment.

 The trial demonstrated the benefits 
of treatment, these can best be construed 
to be modest and restricted to seizures 
with secondary generalisation (51). It may 
be argued that seizures, whether partial or 
generalised and the occurrence of either 
partial or generalised seizures precludes 
an individual from driving in most 
countries. The trial demonstrated that 
even after treatment with albendazole; 
about 2/3rds of the patients receiving 
albendazole continue to harbor active 
cysts, new drugs or different treatment 
regimens need to be explored for this 
majority of patients with NCC. Probably, 
studies are also required in order to 
understand why albendazole seems to 
work in some cases and why it does not in 
others. Appealing options include newer 
drugs (oxfendazole, for instance), 
combination of several anti-parasitic 
agents ,  e i ther  s imul taneously  or 
sequentially, and combination of anti-
parasitic agents with immunosuppressive 
agents.

 Apart from these trials a number of 
other clinical trials have evaluated a 
variety of  treatment regimens of 
albendazole and praziquantel. For 
ins tance ,  a  seven-day  course  o f 
albendazole has been compared with 
longer durations of treatment.  A single-
day treatment regimen with praziquantel 
was also evaluated. It was found to be of 

modest benefit in solitary cysticercus 
granuloma and not effective in multiple 
neurocysticercosis. Although, a large 
number of trials with antihelminthic 
treatment can be found in published 
literature, no firm conclusion can be 
derived from these early studies. Many of 
the studies had small number or subjects, 
were unrandomised or uncontrolled or 
used historical controls only. Other 
methodological problems have vitiated 
results in some studies, such as inclusion 
of cysts in various stages of development 
or of patients with chronic epilepsy and a 
lack of a clearly defined outcome.

 In a meta-analysis, Otte and 
colleagues identified 10 randomised 
controlled trials of anti-parasitic treatment 
in patients with 1-2 enhancing lesions, 
involving 765 subjects, though there was 
considerable heterogeneity in the various 
s t u d i e s  r e g a r d i n g  d u r a t i o n  o f 
antihelminthic (3-28 days), frequency of 
follow up and the radiological response 
(52). One single study compared single 
day praziquantel treatment as compared 
with placebo and demonstrated higher rate 
of resolution at 3 months. Though the 
p lacebo  a rms  a l so  demons t ra ted 
resolution of lesions at one year with 
symptomatic therapy alone but the rate of 
resolution was faster with albendazole. A 
single study reported 12 months follow up 
and no difference in seizure freedom. In 
the five studies, which reported follow up 
at 6 months, 180/199(90%) were seizure 
free in the albendazole arm compared to 
placebo. Overall there was no significant 
d i f f e r e n c e  i n  t h e  f r e q u e n c y  o f 
calcifications at the end of follow up.   
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 It appears that no standard treatment 
can be recommended for NCC. The 
parasitic disorder comprises several 
different presentations and treatment 
approaches depend on the clinical 
presentation, which in turn is determined 
b y  t h e  l o c a t i o n  ( p a r e n c h y m a l , 
intraventricular, subarachnoid-racemose, 
spinal), number of cysts and evolutionary 
stage of the cysticerci.  Live (or cystic or 
vesicular) parenchymal cysticerci should 
be treated (Level 1 evidence). Evidence in 
favour of treatment of degenerating 
cysticerci (in the colloidal or granular-
nodular stage) is less convincing and 
probably needs further study. The 
calcified stage of cysticercosis does not 
require any antihelminthic treatment 
(Level 1 evidence). Treatment with anti-
helminthic drugs is contraindicated in 
disseminated cysticercosis, cysticercotic 
encephalitis and ocular cysticercosis. In 
the former case, treatment may lead to 
fatal intracranial hypertension, while in 
the latter case, treatment may lead to 
blindness.

 In a recent trial, combination 
treatment (Albendazole and Praziquntel) 
was associated with significantly 
increased proportion of patients with 
complete resolution (64% compared with 
37% in standard albendazole group), 
which means a significantly improved rate 
of parasite clearance (53). The beneficial 
effects appeared to be restricted to people 
with multiple NCC. No difference in 
outcome was noted in people with single 
NCC.

Corticosteroids :

 Corticosteroids have been used with 
a variety of indications in NCC. Benefits 
of their use are clearly discernable and 
often dramatic in some of the more severe 
forms of NCC such as cysticercotic 
encephalitis and subarachnoid-racemose 
cysticercosis. Furthermore, since the 
administration of albendazole often 
provokes seizures, focal neurological 
deficits and even intracranial hyper-
tension in patients with parenchymal 
NCC due to the peri-cystic inflammation 
induced by cyst degeneration, it is routine 
clinical practice to co-administer 
corticosteroids with antihelminthic drugs. 
This practice of the co-administration of 
corticosteroids with albendazole is 
believed to reduce the incidence of 
adverse effects owing to their anti-
inflammatory actions. As a result, nearly 
all clinical trials of albendazole in NCC 
(SCG included) have incorporated 
corticosteroids in their intervention arm. 
The co-administration of the two agents 
does not allow us to dissect the benefits 
derived due to corticosteroids alone from 
those due to albendazole. 

Antiepileptic Drug Therapy :

 Seizures in NCC are managed in a 
manner similar to seizures of other 
etiologies. Carbamazepine is favored for 
treatment of partial seizures due to NCC; 
phenytoin is another drug that is often 
used (54).  Drug rash with phenytoin has 
been reported to be more frequent in 
patients with SCG, and clobazam was 
used as a replacement with adequate 
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seizure control (55). Another problem is 
that both carbamazepine and phenytoin 
induce the hepatic drug metabolizing 
enzymes that metabolize the anti-
helminthic agents, albendazole and 
praziquantel. This might decrease levels 
of the antihelminthic agents, thereby 
potentially compromising their cysticidal 
efficacy. Follow-up studies from Latin 
America of patients with multiple 
parenchymal NCC suggested a high 
frequency of breakthrough seizures and of 
se izure  recurrence  (near ly  50%) 
following AED withdrawal after a period 
of seizure remission. 

Treatment of SSECTLs / SCGs  :

 Single Small Enhancing CT Lesions 
(SSECTLs) are a common finding on 
computed tomography (CT) of young 
persons with new-onset seizures in India 
and also in several other parts of the world. 
It is currently believed that these lesions 
represen t  involu t ing  cys t ice rcus 
granuloma. In many ways, SSECTL / 
REL are a unique manifestation of 
neurocysticercosis (NCC).  Although, 
these lesions have been noted in several 
geographical locations, they seem to be 
reported in large numbers from India. 
Thus, they may represent a geographically 
-dependant manifestation of NCC. They 
differ from lesions that have been studied 
in clinical trials described above in that 
they are encephalitic lesions as opposed to 
viable lesions.  They also differ from 
lesions previously studied in clinical trials 
in being single as opposed to multiple. It 
has also been proposed that these lesions 
are biologically different from active and 

viable NCC by representing host 
inflammatory response to the embryonal 
stage of the parasite rather than to an 
established parasite.

Role of Antihelminthics :

              Efficacy of antihelminthic drugs 
has been well established in live, vesicular 
parenchymal cysticercosis. The earliest 
RCT of albendazole in SCG could not find 
any difference in the frequency of 
resolution of the granuloma at 3 months 
among those who were treated with 
albendazole compared with those treated 
with nonspecific therapy. The previous 
meta-analysis of RCT's of albendazole in 
people with 1-2 parenchymal granuloma, 
reported in 2006, failed to demonstrate a 
better resolution rate with the use of 
albendazole (OR:1.18, 95%, CI: 0.82 -
1.71,  P= 0.38). Many more RCTs have 
undertaken after this meta-analysis. In the 
recent  meta-analysis of 10 RCTs by Otte 
et al., involving 765 subjects with SCG, of 
antihelminthic treatment (52, 56-65), 
some subjects had 2 rather than a single 
enhancing lesion in one study. This meta-
analysis was different from the previous 
meta-analysis as it analysed pooled data 
according to the time of outcome 
assessment in the component RCT's (i.e 
3,6 & 12 months). A significantly higher 
rate of granuloma resolution was observed 
with antihelminthic treatment from 3 and 
6 months (OR: 2.09; 95% CI: 1.41–3.09; p 

2
= 0.0003; I  = 31%). When trials with 
repeated-measures design were excluded 
from analysis, the ORs for granuloma 
resolution remained increased in favour of 
antihelminthic treatment both at 3 months 
(OR: 2.25; 95% CI: 1.43–3.52; p = 
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2
0.0004; I  = 12% (data removed from 6 
months) and 6 months (OR: 2.10; 95% CI: 

21.28–3.47; p = 0.004; I  = 41%). As the 
chances of resolution clearly increase with 
longer follow up, therefore compared with 
the previous meta-analysis, this recent 
analysis established the benefit of anti-
helminthic treatment with albendazole 
both at 3 and 6 months and in overall 
pooled analysis.

Seizure recurrence on antihelminthic 
treatment : 

 The proportion of subjects with 
seizure recurrence on antiepileptic drugs 
(AEDs) after therapeutic intervention 
with antihelminthic drugs was reported 
for 3-month follow-up in 2 RCTs (57, 61) ,  
6-month follow-up in 5 RCTs (58, 60, 61, 
64, 65)  and 12-month follow-up in 1 RCT 
(59). The proportion of subjects who 
remained seizure free was significantly 
higher in the antihelminthic treated group 
compared with controls for 3 months 
follow-up (non-event OR [i.e., 1/OR for 
seizure recurrence]: 4.05; 95% CI: 

21.76–9.33; p = 0.001; I  = 0%), but not for 
6 months (non-event OR: 1.79; 95% CI: 

2
0.95–3.38; p = 0.45; I  = 0%) or 12 months 
(non-event OR: 0.64; 95% CI: 0.19–2.17; 
p = 0.47; heterogeneity not applicable). 
Meta-analysis of the pooled data from 
trials revealed significantly higher 
seizure-freedom rates at 3 and 6 months in 
the pooled antihelminthic-treated group 
compared with the pooled controls (non-
event OR: 2.45; 95% CI: 1.49– 4.03; p = 
0.0004), therefore in assessing seizures 
freedom also,  the ant ihelminthic 
treatment was found to be beneficial.

R e s i d u a l  c a l c i fi c a t i o n  w i t h 
antihelminthic treatment :

 Though the residual calcification is 
also associated with occurrence of long 
term seizures, these was no evidence of 
ether increased or decreased risk of 
residual calcification with antihelminthic 
treatment.

Conclusion :

 I n  c o n c l u s i o n ,  t h e  u s e  o f 
a l b e n d a z o l e  ( w i t h  o r  w i t h o u t 
corticosteroids) is recommended in the 
treatment of SCGs because it offers 
increased possibility of seizure freedom in 
patients with SCGs and improve rates of 
granuloma resolution.

Role of corticosteroids  :

 The notion that corticosteroids 
alone could alter the clinical course and 
outcome of SCG arose out of anecdotal 
observations of their use in providing 
symptomatic benefit in patients with SCG. 
Symptoms such as headaches and seizure 
exacerbations have been found to resolve 
with the administration of corticosteroids. 
The routine use of oral corticosteroids 
alone (without specific antihelminthic 
treatment) in the management of SCG is 
advocated by certain authors. Otte et al., in 
their recent meta-analysis, included five 
RCTs, involving 457 people with SCG, of 
corticosteroid treatment (66-70).

            In various separate clinical trials, 
the administration of either prednisolone 
(orally, 1 mg/kg/d for 10 days) alone (with 
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antiepileptic drugs) or intravenous methyl 
prednisolone (one gram/d for five days) 
was associated with clinical and/or 
radiological benefits over 6-9 month-
periods (66-70). There were some 
discrepancies in the outcomes of these 
trials, but these appeared mainly due to the 
small size of the individual trials and when 
data from these trials were pooled 
beneficial effects were quite apparent. The 
administration of corticosteroids through 
either route resulted in significantly better 
rates of complete resolution of the SCG at 
six months and significantly fewer 
patients with seizure recurrence over a 6-9 
months period. All these trials, however 
were located at one centre only and thus 
essentially represent a single-centre 
experience. Another shortcoming was that 
seizure recurrence was not clearly defined 
in these trials. Seizure recurrences in SCG 
are the result of brain parenchymal 
i n fl a m m a t i o n  t h a t  f o l l o w s  c y s t 
degeneration. The latter has been found to 
be a phasic rather than a continuous 
process. In keeping with this hypothesis, 
are the observations that seizures are often 
clustered in SCG and are related 
chronologically to the development of 
oedema surrounding, and of contrast 
enhancement of cysticercus lesions in the 
brain parenchyma, when followed over 
long per iods  of  t ime.  Hence the 
administration of corticosteroids may 
reduce the incidence of breakthrough 
seizures owing to their anti-inflammatory 
effects. 

G r a n u l o m a  r e s o l u t i o n  w i t h 
corticosteroid treatment :

 Five RCTs measured the effect of 
t reatment with a short  course of 
corticosteroids alone (standard AED 
treatment) on granuloma resolution (66-
70).  Three RCTs reported rates of 
granuloma resolution at 3 months (69, 70) 
and 3 at 6 months (66, 68, 70) of follow-up 
time. One RCT used a repeated-measures 
design with different modalities, CT at 3 
months and MRI at 6 months (70). A 
random-effects analysis (performed 

2because of significant heterogeneity; I  = 
74%) did not reveal any significant 
difference in the rates of granuloma 
resolution over 3 and 6 months as well as 
in the overall combined analysis (OR: 
1.82; 95% CI: 0.88–3.77; p = 0.11). This 
non-significant pooled effect remained 
using a sensitivity analysis when the 
repeated-measures data were excluded 
from the 3-month analysis (OR: 1.99; 
95% CI: 0.79–5.04; p = 0.15) and the 6-
month analysis (OR: 1.98; 95% CI: 
0.78–5.00; p = 0.15). 

Residual calcification with corticosteroid 
treatment :

 Three RCTs of corticosteroid in 
S C G  r e p o r t e d  r a t e s  o f  r e s i d u a l 
calcification on follow-up imaging studies 
(67, 68, 70).  The proportions of subjects 
with residual calcification on follow-up 
imaging were similar in the 2 pooled 
groups using fixed-effects analysis (OR: 

21.18; 95% CI: 0.54–2.56; p = 0.68; I  = 
0%). Subgroup heterogeneity was not 

2significant (p = 0.25; I  = 25.7%). 
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Conclusion :

 In conclusion, the pooled evidence 
does not confirm a beneficial effect of the 
administration of corticosteroids alone in 
the treatment of SCGs.

C o r t i c o s t e r o i d s  a l o n e  v e r s u s 
Albendazole in conjunction with 
Corticosteroids :

 Two open-labelled clinical trials 
compared  the  admin i s t r a t i on  o f 
albendazole with prednisolone with the 
administration of prednisolone alone 
(with antiepileptic drugs) for short periods 
of time upon presentation(61). In both 
trials, the rates of cyst resolution (defined 
as complete disappearance of the SCG) at 
six months were similar in the groups 
administered corticosteroids alone and 
corticosteroids and albendazole. The two 
trials were inconsistent in the differential 
effects of the two interventions on the 
number  of  pa t ien ts  wi th  se izure 
recurrence on follow-up. One reported 
increased rates of seizures, whilst the 
other reported decreased rates of seizures 
with the administration of corticosteroids 
alone. These differences could be due to 
differences in trial methods and the small 
number of patients recruited in either trial. 
Nonetheless, these trials likewise 
underscore the need for a large clinical 
trial comparing the effects of cortico-
steroids alone versus the administration of 
corticosteroids with antihelminthic drugs. 
A trial of such design with adequate 
number of subjects alone could dissect out 
the beneficial effects of corticosteroids 
from that of antihelminthic drugs.

 It is not clear whether the reduced 
r i sk  of  se izures  was  owing to  a 
symptomatic anti-inflammatory effect of 
the corticosteroids or a long-term effect by 
altering the natural history of the 
granuloma. It is likely that corticosteroids 
had a long term modifying effect of the 
disease course in as much as CT 
performed at one month revealed 
significantly greater chances of complete 
resolution. It is known that the occurrence 
of seizures is related to the persistence of a 
lesion in the case of parenchymal NCC. 
Hence, the reduced incidence of seizures 
in the treated group might have been due 
to an earlier resolution of the granuloma 
with corticosteroid administration. 

             Whilst prescribing corticosteroid 
to patients with NCC, one should be 
guided by the basic principle of their 
administration, i.e., “to achieve and 
maintain a satisfactory effect while using 
the lowest possible dose for the shortest 
time”. One also needs to be aware of the 
drug interactions involved in such a 
therapeutic undertaking. Dexamethasone 
decreases praziquantel levels, potentially 
compromising its efficacy and thereby 
necessitating higher doses of the latter. On 
the other hand, dexamethasone decreases 
plasma albendazole-sulfoxide levels. 
Finally, antiepileptic drugs, including 
phenytoin and phenobarbitone induce the 
m e t a b o l i s m  o f  c o r t i c o s t e r o i d s . 
Consideration should also be made of the 
side-effects of corticosteroids; these 
include behavioural side effects and 
central serous retinopathy over the short 
term and diabetes, hypertension and bone 
loss over the long term.
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Antiepileptic Drugs :

 At least three short-term (up to one 
year follow-up), randomised studies have 
demonstrated that seizure recurrence rates 
are not much different between patients 
with solitary cysticercus granuloma 
administered short-duration (six months-
one year) in comparison to longer duration 
(up to two years) of AED treatment (71-
73). Longer duration (up to five years) 
seizure remission rates with short-term 
AED treatment have also been studied; 
these are about 85%, suggesting that 
seizure prognosis is essentially good (74). 
These follow-up studies have uniformly 
demonstrated that the single most 
important factor that determines seizure 
recurrence is the presence of a persisting 
lesion, whether a persisting involuting 
granuloma or a calcified residue. The 
likelihood of seizure recurrence in the 
event of complete resolution of the 
cysticercus granuloma is very low. 

            It seems reasonable to administer 
AEDs to patients with solitary cysticercus 
granuloma till such time that the lesion 
persists upon imaging studies. Once the 
lesion resolves completely, the AEDs can 
be safely withdrawn. In the case of 
residual calcification, longer duration of 
AED treatment may be required, but the 
duration of such treatment is not clear. 
Seizures in the setting of a calcified 
res idue  may occur  owing to  the 
intermittent release of antigenic material 
from within the calcified, dormant 
granuloma (75) . This antigenic release 
causes acute symptomatic seizures due to 
cerebral irritation and manifests on 

imaging studies as contrast enhancement 
of the lesion and surrounding oedema. 
This may occur several years after the 
initial resolution of the granuloma. What 
proportion of calcific residues of 
cysticercus granulomas demonstrate this 
phenomena and for how long, remains to 
be settled by very long term follow-up 
studies.

 The presence of perilesional gliosis 
on magnetisation transfer-MRI in the 
aftermath of a solitary cysticercus 
granuloma has been shown to be 
associated with seizure recurrence in one 
study (76). Residual gliosis demonstrated 
on either, magnetisation transfer imaging 
or fluid attenuated inversion recovery 
sequences may thus be a marker for 
seizure  recurrences .  The authors 
suggested that the demonstration of 
gliosis should dictate long-term AED 
treatment. Again longer duration, 
randomised studies of AEDs will be able 
to determine the need for, and duration of, 
AED therapy in such cases.

           There is paucity of literature with 
regard to the choice of AEDs in NCC. 
Although, the range of options a propos, 
the choice of AEDs in epilepsy in general, 
also applies to NCC, it is desirable to 
administer an AED with a rapid onset of 
action. This is so because, seizures due to 
NCC are provoked by ongoing brain 
inflammation and are often clustered. 
Hence, there is a high risk of seizure 
recurrence in the immediate aftermath of a 
seizure. Thus, phenytoin-sodium in oral or 
parenteral loading doses is the preferred 
agent. However, one needs to be aware of 
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the adverse effects to this agent. In 
particular, we and other authors have 
reported a high incidence of anti-
convulsant hypersensitivity syndrome in 
individuals with solitary cysticercus 
granuloma who were administered 
Phenytoin (55). A recent randomised, 
open- label led  t r ia l  demonstra ted 
equivalent efficacy and lesser incidence of 
drug rash with clobazam treatment in 
comparison to phenytoin in patients with 
solitary cysticercus granuloma (77).  
However, the cost of treatment with 
clobazam is higher; this needs to be kept in 
mind, especially so whilst treating 
patients with NCC, a disease that largely 
affects the resource-poor sections. 

Conclusion :

 In conclusion, the risk of seizure 
recurrence remains high if there is 
persisting granuloma or resolves leaving 
behind a calcific residue. In this case, the 
longer duration of AED should be 
considered, though the exact duration of 
therapy is unclear. Any AED might be 
used for this recommended period of 
treatment in individuals with SCG. 
However a newer, non-enzyme-inducing 
AED might be considered for the period of 
time that antihelminthic treatment is 
administered. 
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