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Abstract
Background—Cysticercosis due to Taenia solium is a leading cause of adult acquired seizures
and epilepsy that frequently occurs in patients with only calcified larval cysts. Transient episodes
of perilesional brain edema occur around calcified foci but its importance, association with
seizures, incidence, and pathophysiology are unknown.

Methods—One hundred and ten persons with only calcified lesions and a history of seizures or
severe headaches were followed prospectively in a cohort design to assess the incidence of seizure
relapses. In a nested case-control sub study, perilesional edema was assessed by MRI at the time a
seizure occurred in the symptomatic patient and in a matched asymptomatic control, amongst the
110 followed.

Results—Median follow up was 32.33 months (SD 19.99). Twenty-nine people had an incident
seizure with an estimated 5 year seizure incidence of 36%. Twenty-four patients of the 29 with
seizure relapse had an MRI evaluation within five days of the event. Perilesional edema was found
in 12 (50.0%) compared to 2 of 23 asymptomatic matched controls (8.7%).

Conclusions—Perilesional edema occurs frequently and is associated with episodic seizure
activity in calcified neurocysticercosis. Our findings are likely representative of symptomatic
patients in endemic regions and suggest a unique and possibly preventable cause of seizures in this
population.
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Introduction
Neurocysticercosis (NCC), an infection of the larval form of the Taenia solium tapeworm, is
the most common cause of acquired adult seizures and epilepsy in endemic regions 1. After
humans ingest raw or undercooked pork containing T. solium cysticerci (cysts), a tapeworm
develops in the intestine. Tapeworm eggs released into the feces and ingested by free
roaming pigs or accidently by humans hatch and the developing oncopheres are distributed
most likely via the blood stream (mostly to the brain, muscles and subcutaneous tissues) and
develop into cysts. In humans, the most serious disease manifestations are due to cysts that
lodge in the brain or surrounding spaces, spinal cord, or eye.2

Viable brain cysts eventually degenerate provoking a host inflammatory response and later
evolve into granulomas that frequently calcify.3-6 Degenerating cysts are a frequent cause of
morbidity and seizures, and most of the literature in NCC focuses on the clinical or
therapeutic aspects of viable or degenerating cysts. Calcified lesions, however, are the most
common cerebral finding of NCC because they accumulate in the brain and are a measure of
prior infections.7 This has been observed both in hospital settings (symptomatic cases) as
well as in the general population of endemic regions where 10-20% of neurologically
asymptomatic individuals demonstrate characteristic calcified cerebral lesions by CT
examination.7-12 However, the importance and disease manifestations associated with
calcified lesions have not been well characterized. In fact, this stage of the disease is still
regularly referred to as inactive NCC, implying an end stage and/or a state of less clinical
importance.13-15

There is increasing recent evidence implicating calcified NCC in the genesis and/or
maintenance of seizures and epilepsy in endemic populations. First, typical calcified brain
lesions are common in CT studies of persons who present with seizures in endemic regions.7

Second, in population-based studies using CT examinations, calcified lesions are much more
frequent than viable cysts and more prevalent in symptomatic compared to asymptomatic
patients. Lastly, when symptoms appear in individuals with only calcified disease, some
show perilesional brain edema around one or more of the calcifications.7

Perilesional brain edema associated with calcified lesions is a recently described
phenomenon.16 Although it was first noted in the mid 1990's17-19 its potential clinical
significance and characteristics are not well defined. Even now, symptomatic patients with
perilesional edema around calcifications are commonly misdiagnosed as refractory
neurocysticercosis and unnecessarily treated with anthelmintics or even subject to brain
biopsies. Collected series suggest that perilesional edema around calcified cysticerci occurs
relatively frequently and can be associated with seizures or focal neurological
deficits. 16,17,20-23 In a previous study by our group, perilesional edema was present in
34.5% of patients with only calcified lesions who presented with seizures.20 However, little
is known about the importance of perilesional edema around brain calcified lesions, its
prevalence, natural history, treatment or pathophysiology. Since edema may occur in
asymptomatic patients,16 reliable estimates of its frequency and its association with seizures
can best be approached in a prospective study. Here we report the results of a prospective
cohort and nested case-control study evaluating the association between seizure relapse
incidence and perilesional edema among calcified neurocysticercosis patients with a history
of seizures or severe headache.
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Methods
Study design

This is a prospective cohort study with a nested case-control sub-study aimed to assess the
incidence of seizure relapses and its association with perilesional edema in patients with
calcified cysticercosis.

Patients
Patients included 17 to 65-years-old patients attending the Instituto Nacional de Ciencias
Neurologicas (INCN) in Lima, Peru, with calcified NCC and a history of one or more
seizures or recurrent severe headaches within the previous 10 years. Calcified cysticercosis
was defined as one of more calcifications < 1 cm in diameter by CT examination and current
or past positive cysticercosis serology by western blot or documented evolution from viable
cysts to calcified lesions. Patients were required to have been asymptomatic during the
previous 3 months to allow adequate pre study assessment irrespective of whether or not
they were receiving antiepileptic drugs. Patients with recent seizures (at least a seizure in the
past six months) were placed on adequate anti-seizure medication (defined as therapeutic
doses of at least one first line anti-epileptic drug, mainly phenytoin or carbamazepine,
optimized as clinically indicated). Exclusions included a history of status epilepticus, focal
MRI findings noted below (including viable cysticercosis, baseline perilesional edema and
other brain lesions not due to NCC), taeniasis, pregnancy, intracranial hypertension,
permanent neurological deficits, and a lack of willingness to comply with adequate regimes
of anti-seizure medication. There was no requirement for anti-cysticercal treatment before
entry although many patients had been previously treated successfully at the study site.

Patients who fulfilled the initial entry criteria underwent a baseline neurological examination
by the staff neurologist of the Cysticercosis Unit at the INCN. Patients also received an off-
site brain MRI including T1 (axial and sagittal), T2 (axial and coronal), and FLAIR (Fluid-
Attenuated Inversion Recovery) (axial and coronal) protocols that excluded the presence of
conditions that barred participation such as viable or dying cysts, baseline perilesional
edema and focal findings not attributable to NCC (such as arteriovenous malformation,
cerebral infarct, hemorrhage, and other conditions).16 Perilesional edema was defined as the
presence of transient T2 or FLAIR signals associated with calcified lesions at least twice the
size of the implicated calcified focus. A persistent unchanging FLAIR signal around a
calcified lesion was considered chronic gliosis. 24 Baseline MRI studies were assessed by an
off-site neuroradiologist and again reviewed by the study team.

Prior CT examinations defined the number, location and size of calcified lesions and most
were performed within 6 months to 1 year prior to assessment and/or demonstrated repeated
examinations showing stable calcifications. Large calcifications were arbitrarily defined as
more than 1 cm in diameter. Additional required studies included baseline CBC (complete
blood count) and chemistry tests, and stool examination by microscopy and coproantigen
detection to rule out taeniasis.2

Cohort Follow-up
Patients without exclusion criteria were prospectively followed and scheduled for clinical
evaluations every three months at INCN. Additionally, patients and/or family were
instructed to contact the clinic for evaluation as soon as possible following a potential
symptomatic episode, namely a seizure, a suspected seizure or severe headache. The
definition of seizure followed the criteria of the International League Against Epilepsy25 in
which more than one seizure in the same day is considered a single episode. A severe
headache was defined as one significantly altering daily activities, seeking medical attention,
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and requiring medication. Patients with symptomatic episodes underwent clinical and
neurological examinations at INCN including an evaluation of the likelihood for seizure
occurrence and to rule out causes other than cysticercosis, potential reasons for increased
propensity for seizures (alcohol ingestion, failure to take medication, illicit drug ingestion,
etc.), and, if indicated, measurement of anti-epileptic drug serum blood level. Patients were
recruited and followed from November 1999 to December 2006.

Nested Case-control Study of Perilesional Edema
When a patient experienced a symptomatic episode, a MRI was obtained as soon as possible
but no later than 5 days following the event. A matched asymptomatic control was also
selected to undergo a brain MRI, chosen from cohort members who had not had a seizure by
the time the case subject had a seizure episode. Seizure relapsed patients were matched to
controls by age (+/- 5 years), sex and strata defined by the numbers of brain calcifications.
Four strata based on the number of brain calcifications were used: 1 or 2 calcifications, 3 to
5 calcifications, 6 to 20 calcifications and >20 calcifications. A control was selected from
the respective strata using a random number list. If no eligible control existed, the next
closest match, chosen first by age and then by sex, was selected. The presence or absence of
perilesional edema on MRIs was assessed by the study neurologist as soon as possible after
the examination, by the PIs twice yearly and by a neuroradiologist unaware of the previous
interpretations. There were no disagreements in the interpretation of MRIs. Patients with
seizure relapses were treated symptomatically except for subjects who were entered into
another trial to assess the usefulness of corticosteroids for the treatment of perilesional
edema.

Statistical analyses
Cumulative seizure relapse incidence in the cohort study was estimated using the Kaplan-
Meier approach. 26 The Log-rank test was used to evaluate the association between relapse
and potential covariates. The association between relapse and edema in the nested case-
control was analyzed with the McNemar's test for paired observations.27 As case-control
pairs were matched on sex, age and overall number of cysts by strata, results are already
adjusted for these potential confounders. Only bivariate associations were evaluated,
because the small number of case-control pairs precluded a more detailed multiple
regression analysis. Additionally, associations between edema and other variables were
explored with the Mann-Whitney rank sum test and Fisher's exact tests among incident
seizure cases only. Significant differences at the 0.05 level are reported. Results that showed
strong trends and a significance of 0.15 or less (marginally significant) are also noted as
marginally significant since this information may be of potential use for future studies. All
analyses were conducted with Stata 9.0 (College Station, TX, 2007).

Ethical review and approval
The study and written consent forms were reviewed and approved by the IRBs of the
Universidad peruana Cayetano Heredia, the Johns Hopkins Bloomberg School of Public
Health, and the National Institute of Allergy and Infectious Diseases, NIH. All study
participants signed the approved written consent.

Results
Study population

One hundred and ten individuals out of the 153 who signed the consent entered the study
cohort. Reasons for exclusion are outlined in Figure 1.
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Cohort patients
Baseline characteristics of the cohort are summarized in Table 1. Women were slightly older
than men (37.16 +/- 14.10 versus 32.75 +/- 11.32, p=0.072, Student's T test). All patients
had a positive serology except for two patients in whom the serology had reverted to
negative at the time of study entry. Almost all patients (106 of 110) in the cohort had a
history of seizures, and the remaining 4 had a history of severe episodic headache. One
patient was excluded on retrospective evaluation because her presumed seizures were later
diagnosed as episodes of vertigo. Analyses excluding patients with headaches did not
significantly change the results.

The duration of prior seizure activity and types of seizures are also summarized in Table 1.
Presence of occipital calcifications at enrollment was associated with having had a higher
previous frequency of visual seizures. This was true when analyzed for the absence or
presence of occipital calcifications (3/55=5.4% versus 17/55=30.9%, p<0.001), as well as
for the number of occipital calcifications divided in tertiles (3/55=5.4%, 4/24=16.7%, and
13/31=41.9%, p<0.001). Time to last seizure is outlined in Table 1. Sixty-one (55%) of the
110 patients had received anti-parasitic treatment with either albendazole or praziquantel.
None of the four patients with only headaches had received antiparasitic treatment. Of those
on antiepileptic medications twenty-three were receiving phenytoin, 33 were on
carbamazepine, 2 were on valproic acid, one on phenobarbitone only, and one on
gabapentin.

Baseline imaging characteristics
All patients had only calcifications that were due to cysticercosis because of known or prior
positive cysticercosis serology. The number, size and location of the calcifications are
outlined in Table 1 (non exclusive categories).

Follow up
Patients were followed for 1 day to almost 80 months (mean 34.30 months, median 32.33
months, SD 19.99). New, incident seizures occurred in 29 patients, 28/105 with a history of
previous seizures (incidence of seizure relapse in this group is thus calculated as 9.37 per
100 person/year), and 1/4 patients with a history of only headaches. A quarter of all cohort
patients had an incident seizure within 39 months from entry into the cohort (Figure 2). The
estimated 5-year incidence of seizure relapses was 36% (95% CI: 25, 49%). Eleven patients
had partial seizures, 17 had generalized seizures, and one patient had both. No cases of
severe headaches occurred in the absence of seizures. Analyses excluding patients with
headaches did not significantly change the results.

The propensity to develop new seizures in this heterogenous group of patients with
calcifications and a history of seizures or severe headache varied. Patients who were still
taking anti-epileptics medications (AEDs) on entry had a significantly greater tendency to
have subsequent seizures (hazard ratio: 5.29, 95% CI: 2.01, 13.94, p<0.001). This is not
unexpected because AEDs are discontinued in patients whose seizure activity is quiescent.
Other associations that demonstrated reasonably strong trends but with p ≥ 0.05 included the
number of frontal lobe calcifications (p=0.057), number of previous generalized tonic-clonic
seizures (p=0.084), and the age of the patient (p=0.140), all categorized in tertiles. Also,
patients with previous partial sensory seizures tended to have less seizures (p=0.080), and
patients with large calcifications or more than one previous seizure had marginally more
seizures (p=0.125 and p=0.129, respectively). There was a mild association of seizures with
the presence of an increased number of occipital calcifications, p=0.143, the highest tertile at
greatest risk. No association was found between incident seizures and sex, headache,
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duration of seizure activity, number of calcifications, dominant hemisphere or temporal lobe
calcifications, partial visual seizures or prior albendazole treatment.

Since the use of AEDs was associated with a majority of subsequent seizure activity, all 60
patients using AEDs were analyzed separately. Statistically significant associations were
similar to those found in the entire group and included the number of prior seizures
(p=0.053), prior generalized tonic-clonic seizures (p=0.025), presence of large calcifications
(p=0.032), and frontal calcifications (p=0.125). While statistical assessment of factors
associated with seizures in patients not receiving AEDs at cohort entry was limited by the
small number of seizure events (n=4), the presence of frontal calcifications was still
significantly associated to seizure relapse (p=0.016).

Nested matched case-control study
Twenty-four patients with seizure relapse had an MRI evaluation within five days of the
event. Perilesional edema was found in 12 (50.0%, 95% confidence interval 29.1-70.9%)
(Figure 3). Twenty-three age-, sex- and calcifications-matched controls were examined and
perilesional edema was found in only two of them (8.7%). The cases and controls had
similar characteristics (Table 2). Ten case-control matched pairs differed in the presence of
edema; all ten cases had edema but their corresponding controls did not. These resulted in a
highly significant association between perilesional edema and seizure relapse, although an
actual matched odds ratio (OR) could not be estimated (95% CI > 2.24, p=0.002). One of the
two controls with positive MRI findings had very mild edema while the second had marked
and more widespread edema (Figure 3). Interestingly, this second control experienced a
seizure relapse a few months later.

Among patients with seizure recurrence, perilesional edema was marginally more frequent
in subjects who had received albendazole compared to those who had not received
albendazole (9/14, 64.3% vs 3/10, 30%, p=0.107). There was also a trend for subjects with
perilesional edema to have experienced more partial sensory seizures in the past (p=0.149).
No association was found with use of antiepileptic medications at baseline, type of seizure,
and number and location of calcifications.

Discussion
This is the first prospective study of the incidence and clinical significance of perilesional
edema around calcified T. solium granulomas. There are three important findings of this
study. First, seizures were relatively frequent in this closely followed population. Seizures
occurred in 26.36% (29/110) of the cohort and 26.67% (29/105) of those with a history of
seizures over the course of the study, reaching an estimated 36 % incidence in 5 years of
follow up. Second, perilesional edema around calcified cysticerci is very common occurring
in 50% (12/24) of studied patients with seizures, and third, perilesional edema is strongly
associated with seizures since it was only present in 8.7% (2/23) of asymptomatic controls,
or 3.6% (5/138) of all eligible patients at baseline.

The phenomenon of perilesional edema around calcified NCC lesions suggests a unique and
specific underlying pathophysiology of seizures in this subpopulation. Because much of the
injury and disease due to cysticercosis are secondary to inflammation, the most plausible
hypothesis is that edema represents an inflammatory response to calcified granulomas. We
and others earlier speculated that antigen is either sporadically released and/or recognized by
the host.16,18 If this speculation is true, how or why this occurs is unknown and why
perilesional edema occurs in one patient and not another or associated with only one or a
few of the many calcified lesions an individual has is also puzzling. A plausible explanation
is that not all calcified lesions are the same. They may differ in the manner, amount and
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form of calcium deposition;16 quantity, type and degree of antigen that can be recognized by
the host,28, the presence and level of residual inflammation,24,29-32 or its closeness to a
blood vessel.

Nearly 26% of the cohort developed recurrent seizures, for an extremely high incidence of
recurrent seizures in this group (9.37 incident seizure events per 100 person/year). The most
useful prediction of continued seizure activity was previous seizure activity as judged by the
requirement for continued AED use. A large majority of the cohort who had recurrent
seizures was taking AEDs.

Half of the persons with seizures did not show perilesional edema. Whether this represents
one or more alternative pathways that can cause seizures or a partial or perhaps non-
visualizable manifestation of the same mechanism requires a better understanding of the
pathophysiology involved. No feature, finding or characteristic predicted who would
develop perilesional edema, although this analysis may have been limited by the relatively
small number of events. Contrast enhancement around brain calcifications predicted future
perilesional edema episodes according to our previous findings20 and was associated to
enhanced seizure activity in other reports.21 We could not confirm these associations since
contrast enhancement was not employed in all individuals who had an MRI.

Our study group differed from an unselected population of persons with seizures and
neurocysticercosis, treated or untreated adults presenting with viable cysts.3,33,34 and
residents of endemic communities. Unique to our study, the cohort consisted of patients with
only neurocalcifications due to cysticercosis who fulfilled entry conditions. Selection criteria
that could have increased the propensity for seizures in this population compared to a similar
unselected population with calcifications include an increased number of persons seeking/
requiring specialty care, the exclusion of patients with no symptoms for the prior 10 years,
and the requirement for a present or past positive cysticercosis serology. Also, patients with
more subtle symptoms associated with perilesional edema, in the absence of seizures, may
have been excluded from the group initially or overlooked during assessment. On the other
hand, some criteria that could have decreased the seizure rates in this population include the
exclusion of patients with gliosis or those suffering frequent seizures and/or perilesional
edema episodes. Despite the unique selection criteria, a large subset of the cohort was
representative in many ways of patients with calcified neurocysticercosis who seek
treatment and care.

Although 10-20% of the general population in cysticercosis-endemic villages have brain
calcifications, only a small proportion of them have a history of seizures or epilepsy. This
symptomatic group, however, accounts for about 1/3 of all epilepsy cases in these endemic
villages. Our cohort is similar to the subset of the population in endemic villages who have
brain calcifications and develop seizures and/or epilepsy and there is no reason to believe
that the presence and characteristics of perilesional edema would be different in this
symptomatic group.

Neurocysticercosis is the most common cause of late-onset epilepsy in endemic areas
accounting for a sizable proportion of epilepsy cases in endemic countries.
Neurocysticercosis due to only calcified granulomas is a frequent presentation of NCC and
there is substantial evidence implicating calcified lesions as seizure causing foci. In this
study, perilesional edema around calcified lesions newly occurred in 50% of the participants
who manifested seizures. Therefore, perilesional edema will likely be an important cause of
NCC-associated morbidity. The unusual and distinct nature of perilesional edema indicates a
specific pathophysiology that may be amendable to unique interventions and treatments.
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Figure 1.
Entrance selection into the cohort and outcome.
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Figure 2. Kaplan-Meier estimate of the rates of seizure presentation of the entire cohort over
time
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Figure 3.
Representative MRI FLAIR images of symptomatic patients with perilesional edema and in
the two asymptomatic controls with perilesional edema.
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Table 1

Baseline characteristics of the patients.

Sex = male 59 (53.6%)

Age Mean +/- SD Range 34.79 +/- 12.82 17 - 65

Prior antiparasitic treatment 61(55.5%)

Seizures 105 (96%)

Number of previous seizures 1 20 (19.0.%)

2 to 5 30 (28.6%)

6 to 10 17 (16.2%)

11 to 51 18 (17.1%)

>51 20 (19.0%)

Types of seizures (non-inclusive) Partial 49

Complex partial 3

Partial with secondary

generalization 40

Generalized tonic- clonic 66

Length of disease (seizures) in months Mean +/- SD 83.59 +/- 67.68

Time from last seizure to study entry (months) 3 to 6 months 35 (33.3%)

6 months to 1 year 11 (10.5%)

1 to 2 years 16 (15.2%)

2 to 5 years 22 (21.0%)

> 5 years 21 (20.0%)

On AEDs 60 (54.5%)

Number of brain calcifications 1 to 2 40 (36.4%)

3 to 5 28 (25.5%)

6 to 20 30 (27.3%)

>20 12 (10.9%)

At least one large calcification 55 (50.0%)

Calcifications in* Dominant hemisphere 88 (80.0%)

Frontal lobes 75 (68.2%)

Temporal lobes 47 (42.7%)

Parietal lobes 86 (78.2%)

Occipital lobes 45 (40.9%)

*
Non-exclusive categories
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Table 2

Comparison of baseline characteristics of cases and controls.

Patients (n=23) Controls (n=23) p

Age (years) 31.52 (9.10) 32.17 0.63

Calcifications 7(9) 8(12) 0.47

Percentage men 16 (70%) 15 (65%) 0.76

Oedema 12 (52%) 2 (9%) 0.002

Used AED 19 (83%) 9 (39%) 0.006

Number of seizures 43.5 (46.0) 21.1 (32.8) 0.05

Length of disease (months) 84.3 (62.7) 68.3 (52.6) 0.37

Used albenzadole 14 (61%) 15 (65%) 1.0

Number of large calcifications 3.30 (6.08) 1.74 (4.61) 0.08

Number of calcifications per area

 Dominant hemisphere* 3.7 (4.8) 2.6 (3.6) 0.54

 Frontal lobes 2.8 (3.6) 3.4 (8.4) 0.17

 Temporal lobes 1.0 (1.8) 1.3 (2.7) 0.64

 Parietal lobes 2.3 (3.4) 3.8 (10.4) 0.80

 Occipital lobes 1.5 (1.7) 1.6 (3.6) 0.28

Types of seizure

 Partial 9 (39%) 14 (61%) 0.07

 Partial with secondary generalisation 12 (52%) 7 (30%) 0.39

 Generalised tonic-clonic 11 (48%) 13 (57%) 0.79

Data are mean (SD) or number (%)

*
One case-control pair was excluded from this calculation because the control had many (>99) brain calcifications but the actual number was not

recorded exactly, preventing calculation of the mean.
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