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Drug treatment of neurocysticercosis
R. K. GARG

ABSTRACT
Neurocysticercosis, the most common parasitic disease of the
central nervous system, was treated surgically for a long time.
Praziquantel (an isoquinolone) and albendazole (an imida-
zole) are anticysticercal drugs that are currently being used for
the treatment of neurocysticercosis. Both have been reported
to eliminate or markedly reduce the number and size of cysti-
cerci. Albendazole is less expensive than praziquantel, and is
as effective when given for 8 days as compared to longer
periods. In a small number of comparative trials, albendazole
appeared to be slightly more effective than praziquantel forthe
treatment of parenchymal cysticercosis. Albendazole has also
been found effective in ventricular, subarachnoidal and race-
mose forms of the disease. However, the response to treat-
ment is not universal.

Treatment with these drugs has been associated with a
high frequency of adverse reactions, probably due to the host's
inflammatory reaction to the dying parasites. Headache, nau-
sea and seizures are common but usually transient. Steroids
appear to ameliorate these effects and their concomitant
administration has been advocated. However, no data are
available to support this view.

The rationale of medical therapy in spinal cysticercosis is
presently based on the reported efficacy of anticysticercal
drugs in cerebral cysticercosis. A marked improvement in an
associated seizure disorder following anticysticercal therapy
has been observed. Though seizure control is better, the total
duration of anti-epileptic drug therapy has not been deter-
mined.

Some single enhancing computed tomography lesions in
patients of epilepsy may be benign forms of neurocysticercosis.
The spontaneous resolution of a majority of these lesions has
led to doubts of them being merely infective in aetiology. Also,
a controlled trial could not demonstrate any beneficial effect of
albendazole on such lesions. Hence, most authors recom-
mend that these patients should be treated with anti-epileptic
drugs only.

Doubts persist about the efficacy of anticysticercal drugs in
altering the natural course of the disease and the reported
tendency of cysticercus lesions to resolve.
Natl Med J India 1997;10:173-7

INTRODUCTION
Cysticercosis is a common parasitic disease of the central nervous
system (CNS). Clinical manifestations of cysticercosis occur
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when the larvae of the tapeworm Taenia solium are deposited in
the brain, meninges, spinal cord, muscles, eyes and skin. The
diagnosis of neurocysticercosis can be made with a fairly high
degree of accuracy with the help of computed tomography (CT)
and magnetic resonance imaging (MRI). Serological tests and
biopsy of subcutaneous nodules provide additional support in
establishing the diagnosis. The introduction of anticysticercal
drugs for the treatment of neurocysticercosis was considered an
important breakthrough in the field of clinical parasitology. Two
anticysticercal drugs, praziquantel (a heterocyclic pyrazinoiso-
quinoline compound) and albendazole (a benzimidazole carbam-
ate) have been found effective in all forms ofneurocysticercosis.
Numerous studies from western countries have demonstrated that
anticysticercal drugs either lead to disappearance, or a significant
reduction in the number and/or size of the CT lesions of cysticerco-
sis. Whether these drugs modify the natural course of the disease
and improve prognosis is a matter of controversy. Similarly, there
are different opinions about the use of anticysticercal drugs in
patients of epilepsy with single enhancing CT lesions.

PHARMACOLOGY
Praziquantel is rapidly absorbed following oral administration,
and after a marked first-pass biotransformation process in the
liver, the metabolites are excreted mainly in the urine. The
maximum serum concentration in healthy volunteers is reached in
1-2 hours and it has few systemic side-effects. Praziquantel
produces instantaneous contraction of the parasite followed by
spastic paralysis and a rapid vacuolization of the integument of
the base of its syncytial layer. When damage to the integument is
severe enough, phagocytic cells invade the parasite in response to
the host's immune defence mechanism.P

Albendazole is rapidly absorbed after oral administration. The
absorbed portion is fully metabolized, the main metabolite being
the sulphoxide derivative which is excreted in the urine. The drug
is well tolerated. A multinational trial of about 1500 patients
showed that side-effects occurred in only 6%.2 Albendazole
inhibits glucose uptake by the parasite membranes, leading to
energy depletion in them. However, studies suggest that the
primary underlying mechanism is interruption of microtubular
function.' The published dose schedule of albendazole has varied
from 8 to 30 days. Cruz et al.4 demonstrated that an 8-day course
of albendazole was as effective as a 15- or 30-day course. These
authors did not find any advantage of continuing the treatment for
longer periods.

Flubendazole and metrifonate are two other drugs which have
been used but are not currently recommended for routine use.

PARENCHYMAL NEUROCYSTICERCOSIS
In 1979, Robles and Chavarria' successfully treated a patient with
parenchymal neurocysticercosis using praziquantel in a dose of
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50 mg/kg/day for 15 days. This dose was chosen on the basis of
experience with porcine cysticercosis. Subsequent clinical trials
have shown that praziquantel is effective in destroying cysticerci,
including those in the brain, but needs to be readministered in
some patients. The side-effects directly attributable to praziquantel
are usually mild and reversible. In cerebral cysticercosis, more
severe side-effects have been recorded which may be reduced by
the concomitant administration of corticosteroids.v' GroH8sum-
marized the results of a number of multicentre clinical trials in
Latin American countries. He observed that the treatment of
neurocysticercosis with praziquantel may replace or reinforce the
effects of surgery in a proportion of cases. He suggested that
praziquantel could be useful in situations in which the cysticerci
cannot be removed surgically. The first controlled study of 26
patients with parenchymal neurocysticercosis was conducted by
Sotelo et al.9 After three months of treatment with praziquantel,
(50 mg/kg/day for 15 days) all the patients showed clinical
improvement and 13 (50%) were asymptomatic. The total number
of cysts on CT scan decreased from 152 (at the start of treatment)
to 51; the mean diameter ofthe cysts was reduced by 72%. The CT
scans showed improvement in 25 out of 26 patients with total
disappearance of cysts in 9 cases. Twelve patients included for
praziquantel therapy served as their own controls. These patients
were diagnosed by CT scan before their inclusion in the study; the
lesions had remained largely unchanged in the period between the
initial study and the beginning of the trial (mean 6.4±1.5 months).
In another group of controls, 5 previously diagnosed patients had
fresh CT scans done. Spontaneous remission was not seen in any
of them.

Corona et al. 10 assessed a single day regime of praziquantel
therapy (three oral doses of 25 mg/kg at two-hourly intervals)
followed by 10mg of dexamethasone intramuscularly daily. They
found similar efficacy in 10 patients of parenchymal neurocysti-
cercosis. The response to treatment was assessed radiologically
by counting the number of cysts and estimating the size, before
and three months after anticysticercal treatment. In India, prazi-
quantel has been used extensivelyl':" but only a few controlled,
prospective studies have been done to assess its efficacy. Sancheti
et al. 14 reported a favourable response in 25 cases; serial CT scans
showed complete resolution in 5 and significant regression in 16.

Albendazole is another broad-spectrum antiparasitic drug which
has been used. It is cheaper and requires single dose administra-
tion for several parasitic diseases. The drug has been used for
human neurocysticercosis since 1987, when Escobedo et al."
demonstrated its efficacy in 7 patients with parenchymal brain
lesions. It was used in a dose of 15 mg/kg/day for 30 days. The
response observed was considered excellent and the number of
cysts reduced by 86%. A selective sensitivity of cysts to praziquan-
tel and albendazole has been recorded in a patient with cerebral
cysticercosis. While treatment with praziquantel resulted in re-
gression of only some of the cysts, subsequent administration of
albendazole was effective in eliminating most of the remaining
lesions. 16 Several comparative trials have also found albendazole
to be superior to praziquantel. Takayanagui and Jardim" treated
22 patients with praziquantel, 21 with albendazole and 16 with
symptomatic drugs only. Albendazole and praziquantel were
found to be effective compared to the control group, butalbendazole
was significantly more effective in reducing the number of cysts
on CT scan (88% v. 50%).

EXTRAP ARENCHYMAL AND SPINAL INVOLVEMENT
Treatment of the meningeal form of neurocysticercosis has been

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 10, No.4, 1997

controversial. Some authors still advocate surgical resection as
the best approach to these lesions. Praziquantel penetrates poorly
into the cerebrospinal fluid (CSF) and has little or no effect on
subarachnoid cysticerci. However, albendazole causes disap-
pearance of the racemose form of subarachnoid cysticerci.P-"
Marked clinical improvement in the form of resolution of motor
deficits and recovery of visual function have been associated with
disappearance of giant subarachnoid cysticerci. The main advan-
tage of albendazole over praziquantel in this setting is its better
penetration into the subarachnoid space.

Patients with meningeal neurocysticercosis may develop cere-
bral infarction during the course of anticysticercal therapy. In at
least two reported instances of stroke associated with neurocysti-
cercosis, the cerebral infarction occurred while patients were
receiving praziquantel." In another patient the stroke occurred
while the patient was receiving albendazole.It is possible that the
meningeal inflammatory reaction leading to occlusive endarteritis
is intensified by the acute destruction of parasites in the subarach-
noid space."

Intraventricular cysticerci are best removed surgically or by
endoscopic aspiration. Two isolated reports have described the
successful treatment of intraventricular cysts with albendazole."
Martinez et al. 22 also reported the successful treatment of 2 cases
of fourth ventricle cysts with albendazole. In both these patients
prior prophylactic ventricular shunt procedures were performed.

There are no controlled trials regarding the efficacy of medical
therapy for spinal cysticercosis because of the rarity of the
disease. The rationale for medical therapy is based on the reported
efficacy of these drugs in cerebral cysticercosis, and in isolated
cases of spinal cysticercosis. Both praziquantel and albendazole
have been found to be useful in intramedullary and extramedullary
forms of spinal involvement. 12

SINGLE CYSTICERCAL GRANULOMA IN
EPILEPTIC PATIENTS
Single small enhancing computer tomographic lesions (SSECTL)
in patients of epilepsy are being treated increasingly with anti-
cysticercal drugs. In Latin American countries, such lesions are
considered to be cysticercal and are treated with eitherpraziquantel
or albendazole. In a study by del Brutto" albendazole therapy led
to an early disappearance of single enhancing lesions. In a more
recent study, del Bruno" followed 45 patients with single paren-
chymal cysticercus granuloma with seizures for 3 months to 4
years. Thirty-seven of these patients were treated with albendazole
(15 mg/kglday). The first 12 patients received albendazole for 30
days, and 12 patients received the drugs for 8 days. Follow up CT
scans performed 4 weeks after the trial showed resolution of
lesions in all cases, including complete disappearance ofthe brain
lesion in 31 patients and a residual calcification in 6. The CT scans
of 6 out of 8 patients who had refused albendazole treatment
showed persistence of the lesion at 16 weeks. All patients who
received albendazole were free of seizures as opposed to 3 of 8
patients who did not receive the drug (100% v. 37.5%, p<0.0005).
However, in India, spontaneous resolution, and the possibility of
multiple causes for these lesions along with conflicting reports
about the efficacy of treatment make it difficult to decide about
using anticysticercal therapy in patients with single CT lesions.
Rajshekhar" reported resolution of lesions in 4 out of 11 patients
who were treated with albendazole. In all 11 patients, the CT
lesions did not resolve spontaneously even 3 months after the first
scan. In a double-blind, randomized, placebo-controlled study,

• Padma et al. 26 did not observe any beneficial effect with alben-
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dazole. In their study, 45 patients were randomized to receive
albendazole (15 mg/kg for 7 days) while 35 patients received
placebo. Follow up Cf scans were performed at the completion of
treatment and 1 and 3 months after the initiation of treatment. At
3 months, 35 out of 40 patients on albendazole (p<O.OI) and 33
out of 35 patients on placebo (p<O.OI) showed resolution ofCf
lesions. The difference between the albendazole and placebo
groups was statistically insignificant.

Chopra et al. 27 in their series reported that out of78 patients in
whom follow up CT scans were performed within 6 to 12 weeks,
there was complete spontaneous disappearance of the lesion in 47
cases while a reduction in the size of the lesions and surrounding
oedema occurred in another 24. Subsequent follow up scans of
these 24 patients showed either a complete disappearance or
considerable regression ofthe lesion in all. All these patients were
given only anti-epileptic drugs.

The seizure disorder associated with neurocysticercosis is of
acute onset and in the majority of patients of short duration «6
months) with infrequent recurrence. Several authors believe that
in view of the spontaneous resolution of the CT lesions, a short
duration of anti-epileptic therapy would suffice in most patients. zs
However, there are no data to support their belief. On the contrary,
Chopra et al. 27 recommend prolonged anti-epileptic treatment.

ACTIVE AND INACTIVE LESIONS
Sotelo et al. 29 first proposed a classification of neurocysticercosis
lesions into 'active' and 'inactive' varieties based on the viability
of the parasite. The cyst was considered active if the parasite was
alive and the CT scan showed one or more circumscribed, round,
non-contrast enhanced hypodense areas. In the 'transitional phase'
the cysts of the larvae are in the degenerative phase. The CT scan
shows ring- or disc-shaped enhancement with variable amounts
of surrounding oedema. The lesion is considered 'inactive' if the
larvae are dead and calcified. del Brutto and Sotelo" suggested
that the first two groups should be given anticysticercal treatment.
The validity of this classification and the appropriate timing of
anticysticercal treatment has been debated." In the viable 'vesicu-
lar' phase the larva lies in a transparent liquid surrounded by thin
transluscent white membranes and can remain alive from a few
months to several years without producing any symptom. During
the transitional phase, the viable larvae are attacked by the host's
immune defences leading to perilesional inflammation.

Carpio et al. 32 studied patients with hypodense cystic paren-
chymatous brain lesions to establish whether the natural course of
neurocysticercosis could be modified by treatment with anti-
cysticercal drugs. He excluded patients with transitional forms of
cysticercus lesions. A total of 175 patients were randomly allo-
cated to one of the following groups: (i) albendazole group (15
mg/kg/day for 8 days); (ii) praziquantel group (50 mglkg/day for
15 days); (iii) control group which did not receive any drug. All
patients were treated with oral prednisolone. After 6 months and
1 year of treatment, there was no difference in the treatment
groups in terms of the proportion of patients who were free of
cysts or had relative reduction in the number of cysts. At 2 years,
there was no difference in the proportion of patients free of
seizures during the follow up period. Early and late neurological
sequelae in the form of headache, seizures and hydrocephalus
were more in the treated groups. This study did not indicate that
anticysticercal drugs hasten the death of the parasite.

SPONTANEOUS RESOLUTION
Data regarding the natural course of untreated neurocysticercosis
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indicate that all patients with cystic non-enhancing 'viable'
lesions show improvement in CT appearance if followed up for a
sufficient length of time. The lesions either heal with calcification
or up to 55% of lesions disappear spontaneously.v-" Though
calcified lesions represent an inactive form of disease, they are a
potential and persistent source of symptoms (e.g. seizures).

FAll..URE OF ANTICYSTICERCAL THERAPY
The response to anticysticercal therapy is not universal. Chong et
al. 35 reported a case of neurocysticercosis which was resistant to
treatment with repeated courses of albendazole and praziquantel.
Garg et al. 36 have also reported two patients with parenchymal
neurocysticercosis in whom a l-rnonth course of albendazole did
not produce resolution of CT lesions. One patient had multiple
hypodense cystic lesions and the other had a single ring-enhanc-
ing lesion. Follow up CT scan 3 months after the completion of
therapy, remained unaltered. Padma et al. 37 studied 29 consecu-
tive patients with multiple cystic lesions of the brain parenchyma
randomly allocated to receive either albendazole or placebo.
Sixteen patients received albendazole and 13 placebo. No change
was seen at the end of one week. At 3 months, 14 patients in the
albendazole group and lOin the placebo group showed more than
25% reduction in the number oflesions but this difference was not
statistically significant. They concluded that short course
albendazole therapy does not alter the natural course of parenchy-
matous neurocysticercosis.

EFFECT ON AN ASSOCIATED EPILEPTIC DISORDER
Epilepsy is the commonest clinical manifestation of neurocysti-
cercosis. In a majority of patients seizures are the sole manifesta-
tion. In a consensus report of the International League Against
Epilepsy on Tropical Diseases and Bpilepsy," the authors state
that the prognosis for seizure control is better when the parasites
are calcified than when there are live cysts or granulomas. Poor
seizure control may be an evidence of disease activity and an
indication for treatment with cysticidal drugs. The observations
of del Brutto et al. 39 suggest a strong correlation between the use
of anticysticercal drugs and the rate of seizure control. Seizures
were adequately controlled in 83% of patients who received
anticysticercal drugs but in only 27% of those who did not.

Vazquez and Sotelo" also observed a marked improvement in
the associated seizure disorder following anticysticercal therapy.
However, in the majority of patients, attempts to withdraw anti-
epileptic drugs led to a recurrence of seizures. del Brutto" while
assessing the prognostic factors for seizure recurrence after with-
drawal of anti-epileptic drugs, observed that the prognosis of
epilepsy due to neurocysticercosis was not as benign as previ-
ously thought. Patients with residual calcifications, and those
with recurrent seizures and multiple cysts have the highest rate of
relapse after withdrawal of anti-epileptic drugs. During a follow
up of2 years, Carpio et al. 32 also did not find any difference in the
rate of seizures between the anticysticercal treated group and
controls. On the contrary, Mitchell and Crawford" demonstrated
that in 51 children having neurocysticercosis as a cause of
epilepsy, all the active lesions resolved completely or healed with
punctuate calcification in 2-9 months without any treatment.
Patients were gradually weaned off anti-epileptic drugs and in
60% there was no recurrence of seizures on long term follow up.

RISKS OF ANTICYSTICERCAL THERAPY
Neither albendazole norpraziquantel is free of side-effects. Alben-
dazole may cause hepatic and haemopoietic dysfunction. It is
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potentially teratogenic and mutagenic and is, therefore, contra-
indicated in pregnancy.' Headache, nausea, vomiting and recur-
rence of seizures are common during treatment. However, these
manifestations are usually transient and need only symptomatic
management." Hydrocephalus, a late complication, may be due
to an enhanced inflammatory reaction of the brain tissue or
meninges associated with death of the parasite leading to fibrosis
of the leptomeninges and subsequent obstructive hydrocephalus. 42
Flisser et at.43reported a patient in whom neurological symptoms
appeared after a single taenicidal dose of praziquantel due to
inflammatory changes in an occult intracerebral lesion. Several
Indian authors+" have cautioned against the careless and unsu-
pervised use of praziquantel in patients with a heavy parasitic load
(cysticercotic encephalitis). These patients (especially children)
rapidly develop coma soon after the first few doses probably due
to an acute increase in cerebral oedema.

ROLE OF CORTICOSTEROIDS
The use of corticosteroids in the management of neurocysticercosis
is controversial. Prednisolone is administered to decrease the
adverse reactions caused by anticysticercal therapy. In some
studies corticosteroids (prednisolone or dexamethasone) have
been used in all patients throughout the course of anticysticercal
therapy or even afterwards, 17 in others corticosteroids were given
only if symptoms appeared or became more intense." One study
reported no difference in the outcome of patients treated with
praziquantel alone compared to those treated with praziquantel
and prednisolone.' Acute increase in intracranial pressure is
frequent during treatment of patients with a massive parasitic
load. In. such patients, corticosteroids should always be given
along with anticysticercal therapy." The recommended dose is
30-40 mg prednisolone or 12-16 mg dexamethasone daily in two
or three divided doses, starting 1-2 days before anticysticercal
drugs and continuing for about 1 day afterwards. The reaction
usually subsides in 48-72 hours but a continuing severe reaction
may require mannitol and corticosteroids in higher doses. The
phenomenon of recurrent neurological symptoms (headache,
nausea and vomiting) during tapering of steroids and weeks after
use of praziquantel has also been reported."

Recently, the use of prednisolone has been found beneficial for
patients with hydrocephalus who underwent a shunt procedure.
Intermittent long term prednisolone therapy after ventriculo-
peritoneal shunting may reduce the incidence of shunt malfunc-
tion and improve the functional status of the patients."

INTERACTIONS OF ANTICYSTICERCAL DRUGS
The unsettled issue of the ideal dosage schedule of albendazole
and praziquantel is further complicated by its possible inter-
actions with various other drugs. Phenytoin and carbamazepine,
both hepatic enzyme inducers, have been reported to alter prazi-
quantel metabolism." Also treatment with corticosteroids may
increase praziquantel metabolism and reduce the plasma level of
the latter by 50%.49In a recent series, patients treated with prazi-
quantel and corticosteroids were more likely to require a second
course of praziquantel than those treated with praziquantel alone. 50

However, oral dexamethasone has been shown to increase the
plasma levels of albendazole. The administration of cimetidine
with praziquantel is likely to produce a 25% increase in the plasma
level of praziquantel and may result in a better clinical response. 5I

CONTROVERSIES
There is intense debate over the safety and usefulness of anti-
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cysticercal therapy.52-54Its opponents argue that even if anti-
helminthic drugs hasten larval demise this does not necessarily
lead to improved outcome. While it has been suggested that an
acutely enhanced inflammatory response following therapy may
produce more profound cerebral fibrosis and, therefore, worsen
long term clinical outcomes, there is no evidence for this belief.
In addition, neurological reactions, side-effects, the cost of the
drugs and the risks of anticysticercal treatment may outweigh the
benefits of a slight decrease in the risk of disease progression.
Previous retrospective studies have been flawed by selection
biases. A randomized, placebo-controlled trial is required to
determine whether the prognosis of epilepsy and other manifes-
tations is changed by anticysticercal treatment.v-"

PREVENTION
Anticysticercal drugs are a significant advance in the treatment of
neurocysticercosis. However, measures for effective prevention
need to be emphasized. Indiscriminate human defaecation must
be stopped and adequate disposal of excreta ensured. Animal
husbandry practices should ensure that pigs are kept away from
human excreta. Proper inspection of pork is essential and it should
be cooked properly before eating. Raw vegetables should be
thoroughly washed and adequately cooked. Recent advances in
immunology do hold promise for the development of a vaccine
against Taenia solium in the future.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about
500 to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph
should accompany the obituary.

-Editor


