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Objective: The objective of this research was to study the prevalence, clinical characteristics, and seizure remis-
sion rates of epilepsy due to calcific stage of neurocysticercosis (cNCC) in a rural community in south India.
Material and methods: Comprehensive Rural Epilepsy Study South India (CRESSI) is a prospective longitudinal
study of epilepsy care in a rural community in south India. As part of this study, prevalence of epilepsy was stud-
ied in a population of 74,086 in 22 villages. The prevalence study identified 451 peoplewith epilepsy including 62
(13.7%) with epilepsy due to cNCC. Diagnosis of cNCC was based on computed tomography (CT) findings. The
clinical characteristics and seizure outcomes were studied in this cohort of 62 patients. The data collected in-
cluded demographics, seizure type, antiepileptic drugs (AEDs), seizure remission rates, and predictors of long-
term seizure remissions.
Results: The crude prevalence of epilepsy due to cNCC in this rural communitywas 0.84 per 1000 (95% confidence
interval [CI]: 0.65–1.07). This lesion accounted for 41% of the established etiology among 451 prevalence cases of
epilepsy. Mean age at presentation was 28.87 ± 14.45 (range: 8–65 years) with equal gender distribution. The
common location of the lesion was in the perirolandic region. Focal onset motor seizures were the common sei-
zure type. Seizure remission (≥2 years) rate was 80.3%. The independent predictor of drug resistance was failure
to respond to monotherapy (odds ratio: 63.9; 95% CI: 8.4–485.4; p b 0.0001). Focal impaired awareness behav-
ioral arrest/automatisms with lesion located in the temporal lobe in all the three patients were drug-resistant.
Conclusions: In this rural community in south India, epilepsy due to cNCC was the commonest acquired epilepsy
in people aged ≥20 years. Long-term seizure remission rates were high, and failure to respond to monotherapy
was the predictor of drug resistance. Drug-resistant epilepsy was extremely rare with this lesion.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Single or multiple calcific lesions measuring less than 20 mm are a
common computed tomography (CT) finding in patients with epilepsy
in countries endemic to neurocysticercosis (NCC) [1–5]. This lesion rep-
resents the residual parenchymal lesion in the life cycle of the pork
tapeworm, Taenia solium [2,6–8]. Community-based prevalence studies
in the countries endemic to NCC reported high prevalence of epilepsy
due to calcific stage of NCC (cNCC) [9–11]. The debating issue iswhether
this CT brain lesion in people with epilepsy (PWE) is an innocent by-
stander or the cause of epilepsy. A recent large community CT-based
study in rural Ecuador provided robust epidemiological evidence favor-
ing the relationship between cNCC and epilepsy. This study
gical Sciences, CARE Hospitals,
bad 500 034, India.
thy).
demonstrated that PWE in the study population had three times the
odds of having cNCC than those without epilepsy [12]. The epilepsy
due to cNCC lesion is not well characterized [4]. This study characterizes
the epilepsy due to cNCC lesion in a rural community in south India.

2. Material and methods

Byrraju Foundation is a nongovernmental organization in Hydera-
bad, India. As part of its community service, it adopted 68 villages as
part of its rural uplift program around Bhimavram town inWest Goda-
vari district in Andhra Pradesh, a province in south India. The Founda-
tion initiated skill development programs, public health programs, and
many health initiatives as part of its rural uplift program.

The organizational structure of the Foundation is given in Fig. 1.
Village health center (VHC) in the adopted villages is the nodal opera-
tional unit in the organizational structure of the Foundation. It is
manned by a medical graduate, who is assisted by multipurpose health
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Fig. 1. The organizational structure of the Byrraju Foundation (EC: epilepsy coordinator; MPHW: multipurpose health worker).
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worker (MPHW), and administrative staff. Doctor runs outpatient clinic
six days in a week and attends to the common health ailments and also
helps in the other health initiatives. Multipurpose health worker helps
the doctor to run the outpatient clinic, and dispenses the drugs and
counsels the patients regarding the importance of drug adherence.Mul-
tipurpose healthworker also acts as village coordinator and coordinates
activities of all the health initiatives run by the Foundation. The Founda-
tion provides drugs free of cost for chronic diseases like hypertension,
diabetes, and epilepsy once a month. Nodal coordinator coordinates
the administrative activities of all the programs including health initia-
tives of the Foundation in the villages under his jurisdiction. Gramaseva
Kendram is attached to the VHS and includes village elders and leaders.
They act as liaison between the Foundation and the community. They
help in improving the awareness about various diseases among the
community and also encourage the patients to attend VHC at regular
intervals.

We are involved in the Comprehensive Rural Epilepsy Study South
India (CRESSI), a model of care for PWE initiated by the Foundation.
The objectives of CRESSI model of care were to identifying PWE in the
adopted villages by the Foundation and provide antiepileptic drugs
(AEDs) free or at an affordable cost and also to improve knowledge
about epilepsy and create a positive attitude among the community to-
wards PWE. This model of care was integrated with the organizational
structure of the Foundation (Fig. 1). To the existing organizational struc-
ture, four epilepsy coordinators (EC) were recruited. They had basic
training in identifying PWE, treatment of epilepsy, monitoring drug ad-
herence, drug adverse events, and management of breakthrough sei-
zures. The medical team includes a neurologist (JMKM) and a
psychiatrist (VS), both with interest in epilepsy.

As part of CRESSI model of care, point prevalence of epilepsy (prev-
alence day: January 1, 2001) was studied by door-to-door survey in the
22 randomly selected villages from among the 68 adopted villages by
the Foundation. The 22 adopted villages had a population of 74,086
and 15,355 households. The study population included subjects of
both genders and all age groups except infants. The instrument used
was the questionnaire developed by Institute of Tropical Medicine,
Limos, France. The questionnairewas validated in theNeurology Outpa-
tient Clinic, CARE Hospitals, Hyderabad. The study methodology in
brief was as follows: Step I: Identifying the probable subjects with
epilepsy visiting every household (door-to-door survey) in all the
22 adopted villages by the EC and MPHW attached to the VHC.
They were trained in the administration of the questionnaire; Step
II: Probable subjects with epilepsy were brought to the VHC, where
the diagnosis of epilepsy (≥2 unprovoked seizures) was ascertained
by the medical team; Step III: The data collected included demo-
graphics, age of onset and duration of seizures, detailed eyewitness
account of seizure semiology, neurologic findings, drug history, and
present medication; Step IV: Diagnostic workup included plain and
contrast brain CT and electroencephalography (EEG) in a selected
group of patients. Classification of seizures and epilepsies was done
by the medical team. In the event of disagreement, the final results
of classification were based on discussion of the eye witness account
of the seizure semiology and EEG and contrast CT findings; Step V:
Patients with epilepsy were prescribed appropriate AEDs based on
the seizure type, epilepsy, or epilepsy syndromes. Only standard
AEDS, phenytoin, carbamazepine, valproate, and phenobarbital,
were the drugs prescribed. Free drugs were given by the Foundation
for a month during the monthly visits of patients to the VHC or deliv-
ered at home by the MPHW; and Step VI: Patients were followed up
at 3-month interval by themedical team. During the follow-up visits,
the data collected included the following: drug adherence, seizure
remission, breakthrough seizures, and adverse drug events. The EC
visits each village once a month and collects the information regard-
ing the drug adherence, adverse drug events, and seizure recurrence
and sends the information to the neurologist.

The study identified 462 persons with ≤2 epileptic seizures. For this
prevalence analysis, patients with epilepsy due to cNCC on the preva-
lence date (January 1, 2001) were only included. None of the screen-
failed subjects for epilepsy developed unprovoked seizures during the
follow-up period of 10 years. It is very unlikely that we could have
missed any cases as the CRESSI model of care brings healthcare services
to the proximity of people's homes.



Table 2
Epilepsy due to cNCC: clinical characteristics.

Age distribution

Age (yrs) n (%)

1–10 6 (10)
11–20 14 (23)
21–30 13 (21)
31–40 15 (24)
;≥40 14 (22)

Mean age: 28.87 + 14.45 (range: 8–65 years).
Male:female: 32:30.
Seizure clusters: 23% of patients.
Long interval between first seizure and second seizure in 18% of patients.

Table 3
Seizure classification using ILAE 2017 classification and location of the lesion in brackets.

Seizure type n 62
(%)
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2.1. Operational definitions

2.1.1. Neurocysticercosis
Diagnosis of NCC was based on the diagnostic criteria proposed by

Del Brutto et al. [13].

2.1.2. Epilepsy
Epilepsy was defined as recurrence of two or more unprovoked ep-

ileptic seizures 24 h apart [14].

2.1.3. Seizure categorization
Seizures due to degenerative phase of NCC were categorized under

acute symptomatic seizures, and seizures due to cNCCwere categorized
under unprovoked seizures [2].

2.1.4. Seizure type
Seizures were classified based on the mode of onset into focal, gen-

eralized, and unknown onset seizure using the recent seizure classifica-
tion proposed by the International League Against Epilepsy 2017 [15].

2.1.5. Seizure remission
Patient was considered to be in seizure remission when the patient

was seizure-free for two or more years on AEDs.

2.2. Statistical methods

Point prevalence of active epilepsy as on January 1, 2001 was esti-
mated and expressed as number of PWE per 1000 population. Categor-
ical variables were represented as frequencies and percentages. The
statistical significance in the difference of the outcome variables was
assessed by chi-square test, and p value b0.05 was considered as statis-
tically significant. Multivariate logistic regression was used for
predicting the outcome variable. R-Studio was used for analysis. This
project is a prospective ongoing study and has been approved by the In-
stitutional Ethics Committee, CARE Hospitals, Hyderabad, India.

3. Results

3.1. Prevalence of epilepsy due to cNCC

The prevalence study identified 462 people with ≥2 epileptic sei-
zures on the prevalence day, January 1, 2001. Of the 462 patients with
≥2 seizures, in 83 persons, a putative etiology could be established
from history, physical and neurologic examinations, and EEG findings.
Of the remaining, 379 (82%) persons had plain and contrast CT of the
brain. Computed tomography showed single or multiple cNCC lesions
in 62 (16.35%) patients and cysticercus lesions in degenerative phase
in 11. Seizures due to degenerative phase of NCC were categorized
under acute symptomatic seizures and were excluded from further
analysis. The details of the seizure disorder due to degenerative phase
have been published earlier in another journal [16]. Seizures due to
cNCC were categorized under unprovoked seizures, and patients with
≥2 seizures were considered to have epilepsy [2]. The crude prevalence
of epilepsy due to cNCCwas 0.84 per 1000 (95% confidence interval [CI]:
0.65–1.07) (Table 1).
Table 1
Prevalence of seizure disorder due to various evolutive stages of NCC.

Seizure disorder due to all
evolutive stages of NCC

0.98 per 1000a

(95% CI: 0.78–1.23)
Acute symptomatic seizures due
to degenerative phase of NCC

0.14 per 1000
(95% CI: 0.08–0.26)

Epilepsy (unprovoked seizures)
due to cNCC

0.84 per 1000
(95% CI: 0.65–1.07)

a Patients in all groups had ;≥2 seizures.
3.2. Clinical characteristics of epilepsy due to cNCC

The mean age of patients with epilepsy due to cNCC at presentation
was 28.87± 14.45 years (range: 6–65 years). Epilepsy due to cNCCwas
more common in people aged ≥20 years. The gender distribution was
equal (male:female was 32:30). Seizure clusters occurred at the time
of presentation or during the early course of the disease in 14 (22.6%)
patients. The interval between the first unprovoked and the second sei-
zure was more than 5 years in 11 (17.7%) patients. Of the 62 patients
with epilepsy due to cNCC, 51 (82%) had single lesion, and 11 (18%)
had multiple lesions (2–3 lesions) (Table 2). None of these patients
had any other cause to attribute for the seizure disorder. This lesion
accounted for 41% of the established etiology among the 451 prevalence
cases of epilepsy.

The CT location of the lesion(s)was frontal in 15 (24%);, perirolandic
in 25 (40.3%);, posterior parietal in 12 (19.4%);, temporal in 3 (5%), and
occipital in 7 (11.3%). Focal onset seizure was the common seizure type
in 74% of patients (Table 3). None of the patients had EEG. Seizure type
was determined by the detailed analysis of seizure semiology. The clin-
ical seizure patternwas clearly distinctive to allow it to be localized in to
the location of the CT lesion or nearer to the lesion in 46 (74%) (tempo-
ral in 3;, occipital in 3;, frontal in 15;, and perirolandic in 25) patients.
There was discordance between seizure semiology and CT location of
the lesion in 16 (26%) (posterior parietal in 12 and occipital in 4)
(Table 3). Of the 62 patients with cNCC, perilesional edema was ob-
served around a single lesion in 21 (34%) of the scans, a proven associ-
ation with seizures in these patients [17].

Of the 62 patients, 51 (83.8%) patientswere onmonotherapy (carba-
mazepine or phenytoin), and 10 patients were on dual therapy
(carbamazepine + valproate or phenytoin + phenobarbital). Of the
61 (one patient migrated out of the study area), 49 (80.3%) patients
achieved seizure freedom for ≥2 years. Three patients with lesion in
the temporal lobe and focal impaired awareness behavioral arrest/au-
tomatisms seizures had no seizure remission. The remaining 9 patients
had infrequent seizures. The determinants of seizure remission on uni-
variate analysis were absence of seizure clusters at presentation or
Focal onset seizures 46 (74)
Focal aware motor-onset seizures (perirolandic) 3
Focal impaired awareness motor-onset seizures
(frontal or perirolandic)

37 (60)

Focal impaired awareness sensory (visual) (occipital) 3
Focal impaired awareness behavioral arrest/automatisms
seizure (temporal)

3

Generalized onset 10 (16)
Generalized-onset motor tonic–clonic (posterior parietal) 10

Unknown onset motor seizure 6 (10)
(Occipital)



Table 4
Epilepsy due to cNCC: seizure outcome by seizure type.

Seizure remission for ;≥2 yrs 49/61a (80.3%)
Seizure type – seizure remission

Focal impaired awareness behavioral arrest/automatisms seizure 0/3 (0)b

Focal onset seizure 35/43 (81.6%)
Generalized or unknown onset motor seizure 15/15 (100%)

Seizure remission (univariate analysis)

Seizure clusters (n %) Monotherapy (n %)

Yes 9/14 (64) 48/51 (94)
No 41/47 (87) 2/10 (20)
p value (95% CI) b0.05 (75.3–94.7) b0.001(84.8–98.5)

Seizure remission (multivariate analysis)

Monotherapy (n %) Duotherapy (n %)

48/51 (94) 2/10 (20)
Odds ratio 63.9 (95% CI: 8.4–485.4) p value b 0.0001

a One patient migrated to other village after marriage.
b The location of the calcific lesion was in temporal lobe.
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during early course (9/14 (64%) vs. 41/47 (87%); p b 0.05; 95% CI: 75.3–
94.7) and response to monotherapy (48/51 (94%) vs. 2/10 (20%); p b

0.001; 95% CI: 84.8–98.5). Multivariate analysis showed failure to
respond tomonotherapy as an independent predictor of drug resistance
[48/51 (94%) vs. 2/10 (20%); odds ratio [OR]: 63.9 (95% CI: 8.4–485) [4]]
(Table 4). There were no differences in the remission rates between
those with single calcific lesion and multiple calcific lesions. None of
the three patients with drug-resistant epilepsywith temporal lobe loca-
tion of the lesion hadmagnetic resonance imaging (MRI) to exclude sec-
ondary mesial temporal sclerosis [18]. None of the patients had serious
adverse drug events. In our earlier study, it was shown that the risk of
relapse was high with the withdrawal of AEDs, and hence, the patients
were advised to have good drug adherence [4].
4. Discussion

In this rural community in south India, the crude prevalence of epi-
lepsy due to cNCC was 0.84 per 1000 population. This etiology
accounted for 41% of the established etiology among 451 prevalence
cases of epilepsy. The clinical characteristics of epilepsy due to cNCC in-
cluded the following: more frequency among people aged ≥20 years
with equal gender distribution; common seizure type was focal onset
motor; high seizure density (seizure cluster) in the initial course of
the disease; there can be discordance between seizure semiology and
the location of the lesion on neuroimaging; good long-term seizure re-
mission, most commonly with monotherapy; and the determinants of
drug resistance were failure to respond to monotherapy. All the three
patients with temporal lesion location and complex partial seizures de-
veloped drug-resistant epilepsy.

Discordance between clinical localization based on seizure semiol-
ogy and location of the lesion on neuroimaging is not anuncommon fea-
ture in patientswith focal epilepsies [19–21]. Clinical characteristics and
seizure spread patterns are well studied in occipital lobe epilepsy [22].
Of the 62 patients, in 46 (74%) patients, the seizure semiology allowed
localization to the CT location of the lesion or nearer to the CT lesion.
Therewas discordance between seizure semiology and location of CT le-
sion in 16 (26%) patients. Similar were the findings in our earlier
hospital-based study in patients with epilepsy due to cNCC [4]. Remi
et al. [23] compared the occurrence and localization of epileptic seizure
patterns (ESPs) with the localization of MRI lesion. This study showed
that the occurrence and localization of ictal findings differ vastly for le-
sions in different brain regions. The discrepancies of ESPs with MRI le-
sions are likely to be more in frontal, parieto-occipital, and central
brain regions when compared to temporal lobe [23].
In the cross-sectional observational studies, the reported frequency
of perilesional edema in patients with epilepsy due to cNCC ranged
from 23% to about 35% [1,24,25]. In this study of the 62 patients, CT
brain showed perilesional edema in 21 (34%) patients. A cross-
sectional case-controlled showed a significant association between
perilesional edema and seizures (p= 0.002) [17]. A plausible hypothe-
sis is that perilesional edema represents an inflammatory response to
calcified granulomas. The speculation is that an antigen is sporadically
released and recognized by the host leading to episodic response [26].

High prevalence of NCC has been estimated in countries endemic to
cysticercosis. In the meta-analysis of 12 studies conducted in Latin
America, sub-Saharan Africa, and Southeast Asia, the proportion of
NCC among persons with epilepsy was estimated at 29.62% (95% CI:
23.5%–36.1%) [27]. The association between NCC and epilepsy was sig-
nificant, OR of 2.8 (95% CI: 1.9–4.0) [28]. A recent large CT-based study
in Ecuador demonstrated that PWE had three times the odds of having
cNCC than those without epilepsy, providing robust epidemiological ev-
idence favoring the relationship between cNCC and epilepsy [12].

In this rural community-based study, the crude prevalence of epi-
lepsy due to cNCC was 0.84 (95% CI: 0.65–1.07) per 1000 population.
The other prevalence studies in India suggested similar prevalence
rates. The reported crude prevalence of epilepsy due to cNCC in another
study from south India was 0.91 per 1000 population [9]. In a rural
community-based study in Uttarakhand, a province in north India, the
reported crude prevalence was 0.99 per 1000 population [10].

Neurocysticercosis is themost common acquired infectious cause of
epilepsy worldwide [29]. In countries endemic to NCC, cNCC is a com-
mon cause of epilepsy in people ≥20 years of age [12]. In this prevalent
cohort, the age distribution was the same. Similar was the age distribu-
tion in the two hospital-based studies from India [4,5]. The seizure and
epilepsy type were focal onset andmotor, similar to the observations in
the other studies [4,5].

In this prevalent cohort, ≥2 years seizure remission was 80.3%. The
independent predictor of drug resistance in this study was failure to re-
spond to monotherapy. In our earlier study, 71.5% (95% CI: 7–85.4) of
patients achieved 3-year remission, and 66% (95% CI: 32.4–88.2)
achieved 5-year remission [4]. In the study by Leon and colleagues, sei-
zure freedom for ≥3 months in patients with cNCC was 46.03%, and
there was no difference when compared to epilepsies due to other
structural brain lesions (47.62%) [30].

Drug resistance is very rare with this type of lesion in epilepsy. In a
study of 512 patients with drug-resistant epilepsy from Brazil, only 8
patients had isolated calcific lesion, and in only two patients, drug-resis-
tant epilepsy was considered to be due to calcification lesion [31]. In a
large volume epilepsy surgery center in India, 35 (0.9%) of 3895 patients
with drug-resistant epilepsy had epilepsy due to cNCC [32].

In a review assessing the role of the cysticercosis in medically-
refractory epilepsy, three different clinical presentationswere identified
as follows: (i) the lesion was epileptogenic; (ii) there was dual pathol-
ogy (cysticercosis, with other lesion usually being hippocampal sclero-
sis); and (iii) the lesion was not related to the epileptogenic focus
[33]. There is growing evidence to suggest the possibility of NCC playing
a role in the pathophysiology of mesial temporal lobe epilepsy hippo-
campal sclerosis [34–36]. In this prevalent cohort, all the 3 (4.8%) pa-
tients with mesial temporal seizure semiology were drug-resistant.
Similarly, in our earlier hospital-based study of 97 patients, 4 (4.1%)
with mesial temporal seizure semiology had drug-resistant epilepsy
[4]. In all the 7 patients, the calcific lesion was in the temporal lobe.
None of them had MRI. In addition to temporal location of the lesion,
perilesional gliosis is another important substrate for drug-resistant ep-
ilepsy in patients harboring a cNCC lesion [33,37,38].

Epilepsy due to cNCC is a common cause of acquired epilepsy in
countries endemic to NCC in people aged ≥20 years. Seizure type is
often focal onset motor seizures. In the absence of neuroimaging,
there is a risk of categorizing these patients under epilepsy due to un-
known cause. Long-term seizure remission can be achieved, most
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often with monotherapy in 4 out of 5 patients. Drug resistance is ex-
tremely uncommon.
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