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Abstract

Objective: Discordances between imaging findings of parenchymal neurocysticercosis and 

seizure expression have been reported, and as such the possibility that neurocysticercosis and 

seizures may frequently coexist by chance has been raised. In this study, we evaluate the 

topographic relationship between seizure foci based on semiology and electroencephalography 

with the location of parenchymal neurocysticercotic lesions.

1Other members of the Cysticercosis Working Group in Peru are listed in Appendix A.
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Methods: Seizure information, neuroimaging (computed tomography and magnetic resonance 

imaging [MRI]) and electroencephalographic data from three randomized clinical trials of 

individuals with parenchymal neurocysticercosis and focal seizures were analyzed. Blinded 

epileptologists defined a potential seizure onset zone and a symptomatogenic zone for each 

individual based on semiology. The topographic relationship between semiology, either lesion 

location or areas of perilesional edema on baseline MRI, and electroencephalographic 

abnormalities were assessed.

Results: Fifty-eight patients with one or two parenchymal neurocysticercotic lesions were 

included in this study. From them, 50 patients (86%; 95% CI, 75%-93%) showed a clinical-

topography relationship with the potential seizure onset zone, and 44 (76%) also with the 

symptomatogenic zone. From the eight patients with no topographic relationship, five had focal 

seizures 30 days before or after the baseline MRI and showed perilesional edema. All of these five 

patients showed a clinical-topography relationship between such seizures and an area of 

perilesional edema, making a total of 55 patients (95%; 95% CI, 85%–99%) with clinical-

topography relationship when perilesional edema is considered. Most patients with focal 

epileptiform discharges (7/8, 88%) had a topographic association between 

electroencephalographic focality, the potential seizure onset zone and a cysticercotic lesion.

Conclusion: Seizure semiology and focal epileptiform discharges are topographically related to 

neurocysticercotic lesions in most patients. These data strongly support seizure origin in the cortex 

surrounding these lesions.
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1. INTRODUCTION

Neurocysticercosis (NCC), a helminthic infection of the central nervous system caused by 

the cystic larval stage of the pork tapeworm Taenia solium, is the leading cause of epilepsy 

in most resource-poor countries (Garcia et al., 2014c; Singh et al., 2013). Neurocysticercosis 

is a common infection in endemic regions (Moyano et al., 2016), and in field conditions 

between 10 and 20% of the general population may show NCC lesions in neuroimaging 

examinations (Montano et al., 2005; Moyano et al., 2016). Only a minority of these 

individuals, however, would have a history of seizures (Moyano et al., 2016; Prasad et al., 

2011).

There are discordances between imaging findings of NCC and seizure expression, both in 

field studies and in clinical cases (Del Brutto et al., 1992; Duque and Burneo, 2017). In a 

community-based MRI survey, there was no difference in proportions of patients with 

seizures regarding number, stage or location of cysticercotic lesion (Prasad et al., 2008). In 

another study, seizure frequency was not related to the burden of cysticercotic lesions 

(Kowacs et al., 2006). On the basis of these observations, the possibility that NCC and 

seizures may frequently coexist by chance has been raised (Kowacs et al., 2006; Prasad et 

al., 2008; Saito et al., 2016; Sakamoto et al., 1999).
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Only a few studies have assessed the topographic relationship between seizure semiology or 

electroencephalographic (EEG) findings and cysticercotic lesions (Cukiert et al., 1994; 

Murthy and Reddy, 1998; Singh et al., 2000). Such association was observed in only half of 

cases. These studies, however, had serious limitations. They were performed with old-

fashioned computed tomography (CT) equipment only or were based on anatomical 

divisions in brain lobes.

Seizure semiology is an extremely valuable tool to assess patients with epilepsy (Tufenkjian 

and Luders, 2012). In patients with a presumable epileptogenic lesion, semiology plus EEG 

might accurately determine whether the given lesion is responsible for the observed seizures. 

More-constrained functional areas in relation to epilepsy are now helping to identify more 

efficiently the seizure origin (Bonini et al., 2014; Tufenkjian and Luders, 2012). In this 

study, we took advantage of three historical cohorts of patients with NCC to evaluate the 

topographic relationship between seizure foci based on semiology and EEG with the 

location of cysticercotic lesions assessed with magnetic resonance imaging (MRI) and CT.

2. MATERIALS AND METHODS

Individuals with parenchymal NCC and focal seizures (based on semiology) from three 

clinical trials (Garcia et al., 2014a; Garcia et al., 2014b; Garcia et al., 2016) were selected in 

order to evaluate whether their seizures and EEG focality were topographically related to 

NCC lesions. To reduce the likelihood of falsely finding a relationship by chance, we 

selected patients with only one or two cysticercotic lesions of any stage (viable, 

degenerating or calcified cysts) located juxtacortically (either in the cortex or in the cortical-

subcortical junction).

For topographic purposes, we divided each brain hemisphere in 21 functional areas related 

to epilepsy (Table 1) (Luders, 2008). For each patient, the areas that could have elicited 

his/her initial seizure manifestations by local activation or seizure spread were termed 

potential (suspected) seizure onset zone, and the areas that probably produced the initial 

manifestations through only local activation were defined as symptomatogenic zone 
(Rosenow and Luders, 2001). Both zones were defined based on semiology, and hence, from 

this perspective, a potential seizure onset often included more functional areas than a 

symptomatogenic zone. For each patient, blinded epileptologists determined both zones and 

read EEG recordings.

2.1. Study population and data collection

Data was collected from three already published clinical trials assessing antiparasitic 

treatment (APT) for viable NCC (Garcia et al., 2014a; Garcia et al., 2014b; Garcia et al., 

2016). Participants had been recruited from four tertiary-care hospitals in Lima, Peru and 

followed between April 2006 and October 2013. Common to the original trials, inclusion 

criteria were age between 16 and 65 years, at least one viable cysticercotic cyst, serological 

confirmation on enzyme-linked inmmunoelectrotransfer blot assay (EITB, western blot) and 

at least one seizure in the previous year but a seizure history not longer than 10 years. No 

patient was receiving APT at the period of enrolment, but it was offered weeks after 

enrolment as the purpose of the clinical trials. At enrolment, neurologists obtained detailed 
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medical histories from the patients and all available eyewitnesses, and recommended 

patients to take antiepileptic drugs (AED) regularly during the whole follow-up. Baseline 

EEG, MRI and CT of the brain were performed. Follow-up lasted at least one year with 

active seizure surveillance (Garcia et al., 2014a; Garcia et al., 2014b; Garcia et al., 2016). 

Patients were instructed to recognize events suspected of being a seizure, to register them in 

a seizure control diary and to immediately report to the study team. The study neurologist 

interviewed the patient and available eyewitnesses in the day of the event or the following 

days to determine whether the event was a seizure. Some seizures were witnessed during 

hospitalization. Parent trials were approved by the main Institutional Review Board (IRB) of 

the Universidad Peruana Cayetano Heredia and included permission for further use of the 

data. A separate IRB approval was obtained for this analysis.

2.2. Seizure evaluation and semiology-based zones

Two epileptologists (A.L.E. and W.Z), blinded to neuroimaging and EEG, revised all 

descriptions of paroxysmal events to confirm those consistent with seizures, and registered 

all seizure descriptions using standard semiological terminology (Blume et al., 2001; Fisher 

et al., 2017; Luders et al., 1998). Focal seizures may evolve or not to bilateral tonic-clonic 

seizures. First, epileptologists independently localized and lateralized potential seizure onset 

and symptomatogenic zones for seizures occurred before APT onset, and separately, for 

seizures that occurred after APT. Additionally, both semiology-based zones were localized 

considering only seizures occurred 30 days before or after the baseline MRI, but prior to 

APT. Finally, both zones were determined for each patient using all seizures occurred before 

enrolment and during follow-up as a whole. Localization was performed on the basis of 

well-known functional areas related to specific seizure manifestations, comprehensively 

described by Luders et al. (Luders, 2008) (Table 1), and taking into account the number of 

each seizure type, time of occurrence, the person who reported a given seizure and the 

neurological assessment for seizures occurred during follow-up. Inter-reader agreement of 

the two epileptologists for determining whether patients had or had not a clinical-topography 

association with the potential seizure onset zone, taking into account all seizures before 

enrolment or during follow-up, was 86% (50 of the 58 patients), and the relaxed kappa was 

0.56 (p<0.001). Any discrepancies in the semiology-based zones were resolved by 

consensus with the intervention of a third epileptologist (J.G.B.). Ictal manifestations with 

the agreed semiology-based zones of each patient are provided in Supplementary Table B.1.

2.3. MRI evaluation

Based on neuroradiological reports, an epileptologist (A.L.E, blinded to the respective 

patients’ seizure semiology) reviewed both baseline MRI and CT images, and carefully 

localized a NCC lesion in one of the functional areas (Table 1). The areas affected by edema 

around cysticercotic lesions were noted separately. Lesions were further localized in one of 

the three types of neocortices described by Benarroch et al. (Benarroch, 2008) and many 

others (Grabowski et al., 2002; Luders, 2008): primary cortex, unimodal association cortex 

or heteromodal association cortex (Supplementary Fig. B.1). These types of neocortices are 

based on the degree of neural networks and comparable complexity of receptive stimulus 

and neural responses. Axial, coronal and sagittal MRI images were obtained from a 1.5-

Tesla scanner in T1-weighted, T2-weighted and fluid-attenuated inversion recovery (FLAIR) 
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protocols. Neurocysticercosis cysts whose contents were hyperintense in T2-weighted and 

hypointense in T1-weighted were considered viable cysts; FLAIR allowed to determine 

perilesional edema (Del Brutto et al., 2017). CT scan, obtained from a 64-slice scanner with 

6-mm slice thickness and no interslice gap, was used to detect calcified NCC cysts. All MRI 

and some CT were enhanced with contrast to unmask degenerating NCC cysts.

All MRIs were also reviewed to assess the presence of hippocampal sclerosis (defined as the 

presence of both hippocampal atrophy on T1-weighted and hyperintense signal on T2-

weighted or FLAIR MRI), focal cortical dysplasia or other epileptogenic lesions. Although 

coronal sections were not in alignment with the hippocampus axis, the hippocampus was 

visible in 3-4 sections.

2.4. EEG

Scalp 16-channel EEGs were performed at baseline during 30 minutes using the 10-20 

International system of electrode placement with bipolar and referential recordings. 

Hyperventilation and photic stimulation were performed in all patients and induced N2 sleep 

stage in some of them. Additional EEGs were performed after a recent seizure whenever 

possible. An epileptologist (W.Z), blinded to all clinical information except for the patient’s 

age, read every EEG twice looking for epileptiform discharges or abnormal slow waves, and 

localized and lateralized the EEG focalization on the basis of the functional brain areas 

(Table 1). Epileptiform discharges (e.g., sharp-waves or spikes) were reported separately 

from slow-waves. Anterior temporal EEG abnormalities were related to the mesial temporal 

area of the functional brain areas, and posterior temporal EEG abnormalities, to the 

neocortical temporal area. Inter-reading agreement of the epileptologist for determining an 

EEG as either normal, with epileptiform discharges, or with only abnormal focal slow 

activity was 95% (77 out of 81 EEGs), and the relaxed kappa was 0.87 (p<0.001). The four 

discordant EEGs were read for a third time to reach a conclusion. As EEG tracings were 

handled by another investigator and presented in groups of ten to be read, the epileptologist 

was also blinded to whether he was reading a particular exam by first, second or third time.

2.5. Statistical analysis

Results are reported separately for patients with one or two lesions, or for the entire group if 

subgroup analyses showed similar results. A patient with clinical-topography relationship 

was defined when a cysticercotic lesion was located in the potential seizure onset zone, 

determined with all seizures before enrolment and during follow-up. The topographic 

relationship was also assessed with the symptomatogenic zone. Binomial 95% confidence 

intervals (CI) were calculated. A nonparametric trend test was used to assess whether the 

location of NCC lesions influenced the clinical-topography relationship. McNemar’s test 

was used to assess the potential effect of APT in apparently altering the clinical-topography 

association. The topographic relationship with brain areas affected by perilesional edema 

was assessed using semiology-based zones determined with only seizures occurred 30 days 

before or after the baseline MRI.

The topographic congruence between EEG focalization, potential seizure onset zones and 

cysticercotic lesions was determined separately for focal epileptiform discharges and 
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abnormal slow waves only. Fisher’s exact test was used to compare proportions, and Mann-

Whitney test, for comparison of variables with skewed distributions between two groups. All 

reported p-values are two-sided and those <0.05 are considered statistically significant. 

STATA v.14.0 (StataCorp, USA) was used.

3. RESULTS

Two-hundred and thirteen patients were enrolled in three clinical trials, seven of them 

participated in two trials. At enrolment, 65 patients had one or two parenchymal NCC 

lesions, all of which were located juxtacortically. Among these patients, 58 (89%) had focal 

seizures at some point and were eligible for this study. Baseline characteristics are 

summarized in Table 2. All patients received only one AED at the same time, except two 

patients who received two AED at the same time for less than two months to control seizure 

recurrence. All patients received APT which were standard albendazole (15 mg/kg/day for 

10 or 14 days), increased dose albendazole (22.5 mg/kg/day for 10 days) or combined 

albendazole (15 mg/kg/day for 10 days) plus praziquantel (50 mg/kg/day for 10 days) 

depending on the clinical trial (Garcia et al., 2014a; Garcia et al., 2014b; Garcia et al., 2016).

According to the standard diagnostic criteria (Del Brutto et al., 2017), all patients had a 

definitive diagnosis based on at least one major neuroimaging criterion (cystic lesions 

without a discernible scolex, enhancing lesions and/or typical parenchymal brain 

calcifications), one confirmative neuroimaging criterion (resolution of cysts after 

antiparasitic treatment: 44 patients had resolution of at least one viable cyst after one course 

of cysticidal therapy and all the others after one or two further cysticidal treatments) plus a 

positive EITB assay as an exposure criterion. In addition, 49 patients (84%) also had an 

absolute criterion, conclusive demonstration of a scolex within a cystic lesion.

3.1. Neuroimaging examination

All patients had both baseline MRI enhanced with contrast and baseline CT, as both 

neuroimaging were required for inclusion in the parent clinical trials. At enrolment, 45 

patients (78%) had viable cysts only, 32 (55%) had one and 13 (22%) had two viable cysts. 

Seven patients (12%) had one viable and one calcified cyst, and six (10%) had one viable 

and one degenerating cyst. Location of cysticercotic lesions are presented in Table 2. 

Perilesional edema was present at least in one NCC lesion in 46 (79.3%) patients. Patients 

with two lesions more often had, although not statistically significant, at least one lesion in a 

parietal lobe (7/26 [27%] versus 3/32 [9%], p=0.10) and in the primary cortex (14/26 [54%] 

versus 10/32 [31%], p=0.11). No patient had hippocampal sclerosis, focal cortical dysplasia 

or other epileptogenic lesion.

3.2. Seizures

A total of 1,092 seizures occurred before enrolment and during follow-up, of which 1,049 

(96.1%) were focal seizures. Characteristics of seizures are reported in Table 2. Fifty-two 

(90%) patients had focal seizures during the follow-up or within 60 days before the 

enrolment (Table 2). Fifteen patients (26%) had focal seizures which were witnessed during 

hospitalization. Patients with recent onset of seizures (first seizure ever within two months 
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before enrolment) had a median of 4.5 focal seizures (interquartile range [IQR], 3–9), 

including all seizures before enrolment and during follow-up, and those with longer seizure 

history, 8.5 focal seizures (IQR, 3–30.5). Patients with two lesions had a higher number of 

focal seizures, although this did not reach statistical significance, than those with one lesion 

(median 9.5 [IQR, 4–39] versus 5 [IQR, 2–17.5], p=0.06), and similar time of seizure history 

(median 5.5 months [IQR, 1.7–13.3] versus 6.1 [IQR, 1.0-40.3], p=0.88).

3.3. Clinical-topography relationship

For each patient, epileptologists targeted a mean±standard deviation (SD) of 3.2±2.0 brain 

areas for the potential seizure onset zone, and 2.7±1.7 for the symptomatogenic zone. 

Considering all seizures before enrolment and during follow-up, 50 patients (86%; 95% CI 

75%-93%) showed a clinical-topography relationship with the potential seizure onset zone, 

and 44 patients (76%) also with the symptomatogenic zone (Table 3).

Proportions of patients with clinical-topography relationship among pertinent subgroups of 

patients are shown in Table 3. Among the 19 patients with clinical-topography relationship 

and two lesions in different functional areas, the potential seizure onset zone was 

topographically related to only one lesion in 16 patients (84%) and to each of both in the 

other cases.

Six patients had one viable and one calcified cyst in different areas, and all showed a 

clinical-topography relationship with the potential seizure onset zone. In five patients (83%) 

semiology was topographically related to only the viable cyst, and in the other patient 

(17%), to each of both the viable cyst and the calcified cyst. Five patients had one viable and 

one degenerating cyst in different areas, and four of them had a clinical-topography 

relationship. Three (75%) of these four patients were related only to the viable cyst, and the 

other one (25%), only to the degenerating cyst.

Twenty-five patients had focal seizures after APT onset –despite taking AED regularly,– and 

also had focal seizures before APT. Twenty-two patients (88%) had a clinical-topography 

association related both to seizures occurred before APT onset and to seizures occurred after 

that, being analyzed independently (p=0.56, for within-person comparison in favor of similar 

proportions). Two patients had a clinical-topography association related only to seizures 

occurred before APT, and one patient, only to seizures occurred after APT onset.

Of the eight patients with no topographic relationship, five had focal seizures 30 days before 

or after the baseline MRI and showed perilesional edema. All of them showed a clinical-

topography relationship between such seizures and an area of perilesional edema (Fig. 1A). 

Thus, 95% of patients (55/58, 95% CI 85%–99%) had semiology topographically related to 

a cysticercus when perilesional edema is considered.

3.4. Clinical-topography relationship by NCC location

Of the 32 patients with one cysticercotic lesion, one patient had it located in a mesial 

temporal area, and thus 31 patients were selected to assess whether the location of 

cysticercotic lesions categorized according to the types of neocortices influences the 

clinical-topography relationship. Patients with a unique cysticercotic lesion in the primary 
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cortex showed more often a clinical-topography relationship (10/10, 100%) than patients 

with a unique cysticercotic lesion in the unimodal association cortex (12/14, 86%), and 

these, in turn, more often than patients with heteromodal association cortex lesions (3/7 

[43%]; p=0.005).

3.5. EEG

Forty-four patients (76%) had one EEG, twelve (21%) had two EEGs and two patients (3%) 

had three EEGs. One EEG was chosen per patient reported to show epileptiform discharges, 

or in its absence, abnormal slow waves only.

Electroencephalograms of nine patients (16%) showed epileptiform discharges. They were 

performed in a median of 14 days (IQR, 3–47) after a seizure, and all, but one, were limited 

to one region of the cortex. A epileptologist pointed out, in average, 2.8±1.4 brain areas for 

focalization. Patients with more than one EEG had higher chances to show epileptiform 

discharges (6/14 patients [43%] with two or three EEGs versus 3/44 [7%] with one EEG; 

p=0.004). All patients with epileptiform discharges showed a clinical-topography 

relationship between the potential seizure onset zone and a cysticercotic lesion. In seven 

(88%) of the eight patients with focal epileptiform discharges, the sharp-waves or spikes 

were topographically related to the cysticercotic lesion and the potential seizure onset zone. 

One patient had an ictal EEG and showed topographic concordance between semiology, 

focal epileptiform discharges and the cysticercotic lesion (Fig. 1B).

Twelve patients (21%, all of them with clinical-topography relationships) showed interictal 

focal slow-wave abnormalities only which covered, in average, 4.7±1.9 functional brain 

areas. Five (42%) showed a topographic relationship between the focal slow waves, the 

location of a cysticercotic lesion and the potential seizure onset zone. Two (17%) had focal 

slow waves possibly topographically related to a cysticercotic lesion because of their 

proximity. The remaining five patients (42%) showed focal slow waves not topographically 

related to a lesion. All these five patients showed polymorphic (arrhythmic) delta (0–<4 Hz) 

slow waves in an anterior temporal region from a EEG performed in a median of 20 days 

(IQR, 15–59) after a seizure.

4. DISCUSSION

This study demonstrates that seizure semiology and focal epileptiform discharges are 

topographically related to NCC lesions in most patients, as strong evidence that these lesions 

are the direct cause of seizures or epilepsy in such patients. Our findings support the 

epileptogenicity of NCC and the seizure origin located in the cortex surrounding a 

cysticercotic lesion. If this hypothesis is correct, examinations of the cortex surrounding a 

NCC lesion could provide valuable information on molecular, genetic and electrical 

mechanisms of seizures and epilepsy in humans.

Around 85% of patients showed a clinical-topography relationship between semiology and a 

cysticercotic lesion, and this association increased to 95% if perilesional edema is 

considered. Previous studies had already suggested that clinical-topography discordances 

could be due to seizure spread (Duque and Burneo, 2017; Murthy and Reddy, 1998; Singh et 
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al., 2000). The definition of a potential seizure onset zone in addition to the 

symptomatogenic zone in our study did likely account for this effect. We presented the 

clinical-topography relationships among subgroups of patients and showed no difference in 

the proportion of patients with clinical-topography relationship among patients with recent 

onset or longer seizure history. Local inflammation is likely to play a role in seizures 

associated with NCC, particularly by the time the parasites degenerate due to APT, however 

the ATP does not seem to affect the clinical-topography relationship in most patients.

Brain cysticercotic cysts may survive viable for years until they are attacked by the host’s 

immune system and degenerate. Symptoms are more marked during cyst degeneration. In 

our study, the clinical-topography relationship was more frequently related to only viable 

cysts, despite an additional calcified cyst or even a degenerating cyst. Potential explanations 

for this finding may be that cysts can alter the metabolic or electrical properties of the 

surrounding cortex for long periods and thus establish local seizure foci, or that viable cysts 

at baseline might have degenerated during follow-up (after treatment) and caused seizures 

related to these same foci. We also found that patients with heteromodal association cortex 

lesions have less often a clinical-topography association. Such patients might express their 

initial seizure manifestations more often after seizure spread, and perhaps, the study 

epileptologists might have omitted some heteromodal association cortex areas less 

frequently related to that manifestations. Perilesional edema is a potential risk factor for 

seizures (Nash et al., 2015), and it was around at least in one NCC lesion at baseline 

neuroimaging in up to 80% of patients.

A few studies have aimed to examine the clinical-topography relationship in NCC, and 

showed discordances between imaging findings and electroclinical features (Cukiert et al., 

1994; Murthy and Reddy, 1998; Singh et al., 2000). They assessed patients with apparently 

only calcifications using CT scan only, and the clinical-topography relationship was based 

on anatomical brain lobes. In such studies, patients with chronic calcified NCC might have 

developed secondary epileptogenesis in remote brain areas, like hippocampus, producing 

discordances between electroclinical features and NCC lesions. In fact, there has been 

proposed that NCC can act as an initial precipitating injury for hippocampal lesions and lead 

to chronic epilepsy in at least some patients with calcified NCC (Bianchin et al., 2015; 

Rathore et al., 2013). It might be more relevant in individuals with early age of seizure onset, 

and our patients with relative older age of seizure onset might miss this possibility (Bianchin 

et al., 2015). In addition to these differences with those studies, our assessment was based on 

functional brain areas, which are used in habitual clinical practice for seeking seizure origin 

in epilepsy units (Bonini et al., 2014; So, 2006; Stephani et al., 2011; Tufenkjian and 

Luders, 2012). All patients in our study had both CT and MRI as both neuroimaging were 

required for inclusion in the parent clinical trials. We assessed all consecutive participants of 

three large trials and as such, our study population is likely to be representative of 

individuals with both viable NCC and a history of seizures seeking medical care. The 

relative high proportion of patients with NCC lesions in perirolandic areas, premotor areas 

and occipital lobes has been identified in other hospital-based studies (Duque and Burneo, 

2017; Murthy and Reddy, 1998; Thussu et al., 2008). Of note, the relationship of semiology 

with the cysticercotic location was not assessed in the parent trials.
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We found a topographic relationship between EEG focalization, semiology and cysticercotic 

lesions in most patients with focal epileptiform discharges but in about half of cases with 

only focal slow waves, a tendency consistent with another series (Diagana et al., 2005). All 

EEGs were performed in similar conditions during 30 minutes. Additional EEGs (Monteiro 

et al., 1995) and EEGs temporally closer to a seizure (Chayasirisobhon et al., 1999; Gupta et 

al., 2012) have been shown to improve EEG’s sensitivity in NCC, and may have enhanced 

the electric-topography relationship in our patients with viable NCC. Invasive EEG 

explorations can accurately locate an abnormality, in contrast to scalp EEG recordings which 

assess regional abnormalities. As sharp-waves need synchronic discharges of large cortical 

areas, a precise topographic relationship cannot be defined in our study. We also found that 

patients with no electric-topography relationship had slow-waves in an anterior temporal 

region, representing cortical dysfunction. In fact, there has been proposed that NCC can lead 

to hippocampus damage by repetitive neuroinflammatory responses of the host’s immunity 

or electric-mediated injury related to seizures, in at least some patients with biological 

predisposition (Bianchin et al., 2017).

Seizure onset zones can only be defined using ictal EEG recordings. In line with this, our 

method to determine the clinical-topography relationship based on seizure descriptions and 

interictal EEG may not be completely accurate. In T. solium endemic regions, ictal 

recordings with video-EEG are limited and expensive, and the low frequency of seizures in 

NCC patients makes a study with such methods even less viable. Clearly, it is not possible to 

performed a study with ictal EEG recordings, even though it may be yearned.

Our study is retrospective and, hence, open for information biases which might have affected 

semiology assessments and thus our results. However, medical records of seizure 

descriptions were complete on all patients and this allowed setting the limits of the potential 

onset and symptomatogenic zones with higher inter-rater agreement. The inaccuracy of 

seizure semiology based on patients or eyewitnesses’ reports is generally recognized, 

although there is also evidence of reasonable reliability in some studies (So, 2006). A recent 

study showed that patients had a good recognition of their initial seizure manifestations 

when they were interviewed promptly (Campora and Kochen, 2016), as the included parent 

clinical trials carried out. Another study showed strong interobserver agreement on seizure 

manifestations between neurologists and seizure eyewitnesses (Benbir et al., 2013). We 

cannot rule out the possibility that visualization of neuroimaging exams by the time of 

patient’s enrolment may have influenced the study neurologist’s interpretation of seizure 

manifestations. In the included clinical trials, neurologists obtained seizure manifestations 

regardless if they observed any neuroimaging. In our study, the possibility of inaccurate 

reporting of a given seizure may be compensated by the large number of seizures, some of 

them witnessed during hospitalization.

Our study provides a systematic assessment of the relation between seizure manifestations 

and lesion topography in NCC in a consecutive series of patients rather than selected cases. 

Our findings are consistent with many case reports and case series that have demonstrated 

focal seizures topographically related to cysticercotic lesions (Gupta et al., 2013; Mejia and 

Nash, 2013; Naddaf et al., 2014). As far as we know, this is the first study to assess the 

topographic relationship between viable NCC and semiology and epileptiform discharges. 
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Our results support that NCC is responsible for the seizures in most patients, in contrast to 

what have been raised several times (Kowacs et al., 2006; Prasad et al., 2008; Saito et al., 

2016; Sakamoto et al., 1999).

5. CONCLUSION

Seizure semiology and focal epileptiform discharges are topographically related to NCC 

lesions in most patients. While our findings relate to the clinical-topography relationship and 

not the epileptogenic zone per se, that needs to be determined by electrophysiological 

methods, the consistent association supports the epileptogenicity of NCC lesions and the 

seizure origin in the cortex surrounding these lesions. A better understanding of the 

processes occurring in such cortex might throw light on the pathophysiology of seizures and 

epilepsy in human brain.
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APPENDIX A.: Cysticercosis Working Group in Peru

Other members of the Cysticercosis Working Group in Peru include Robert H. Gilman, MD, 

DTMH [Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA]; 

Armando E. Gonzalez, DVM, PhD [School of Veterinary Medicine, Universidad Nacional 

Mayor de San Marcos, Lima, Peru]; and Victor C. W. Tsang, PhD [Georgia State University, 

Atlanta, Georgia, USA] (Coordination Board); Silvia Rodriguez, MSc; Manuel Martinez, 

MD; Manuel Alvarado, MD; Miguel Porras, MD; Victor Vargas, MD; Alfredo Ccjuno, MD 

(Instituto Nacional de Ciencias Neurológicas, Lima, Peru); Manuela Verastegui, PhD; Mirko 

Zimic, PhD; Holger Mayta, PhD; Saul Santivanez, MD, PhD; Cristina Guerra, PhD; Yesenia 

Castillo, MSc; Yagahira Castro, MSc (Universidad Peruana Cayetano Heredia, Lima, Peru); 

Martin Gavidia, MD; Liliana Rodriguez, MD (Hospital Nacional Edgardo Rebagliati, 

Essalud, Lima, Peru); Lourdes Rodriguez, MD; Ricardo Illescas, MD; Jose J. Vera, MD 

(Hospital Nacional Guillermo Almenara, Essalud, Lima, Peru); Enrique Najar, MD; Martin 

Tipismana, MD; Hugo Umeres, MD (Hospital Nacional Cayetano Heredia, Ministerio de 

Salud, Lima, Peru); Maria T. Lopez, DVM, PhD; Luis Gomez, DVM; Cesar M. Gavidia, 

DVM, PhD (School of Veterinary Medicine, Universidad Nacional Mayor de San Marcos, 

Lima, Peru); Luz M. Moyano, MD, PhD; Ricardo Gamboa, MSc; Claudio Muro; Percy 

Vichez, MSc (Cysticercosis Elimination Program, Tumbes, Peru); Saul Santivañez, MD, 

PhD (Johns Hopkings Bloomberg School of Public Health, Baltimore, Maryland, USA); 

Theodore E. Nash, MD; Siddhartha Mahanty, MD, PhD (NIAID, NIH, Bethesda, MD); John 
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Noh, BS; Sukwan Handali, MD (CDC, Atlanta, GA); Jon Friedland (Imperial College, 

London, UK).

ABBREVIATIONS

AED antiepileptic drug

APT antiparasitic treatment

CI confidence interval

CT computed tomography

EEG electroencephalography

EITB enzyme-linked inmmunoelectrotransfer blot

FLAIR fluid-attenuated inversion recovery

IQR interquartile range

MRI magnetic resonance imaging

NCC neurocysticercosis

SD standard deviation.
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HIGHLIGHTS

• Fifty-eight patients with one or two parenchymal NCC lesions and focal 

seizures were selected.

• 86-95% of patients had seizure semiology topographically related to a NCC 

lesion.

• In patients with focal epileptiform discharges, 88% had semiology and EEG 

focality topographically related to a NCC lesion.

• These data strongly support seizure origin in the cortex surrounding a NCC 

lesion.
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Fig. 1. 
MRI images of two representative patients. (A) T1-weighted MRI of a cysticercotic viable 

cyst localized in a neocortical temporal area showing perilesional edema that reached the 

occipital lobe (approximation of the occipital lobe cortex demarcated with a white dashed 

line). The patient had multiple visual seizures from 60 days to seven days before the 

acquisition of this MRI. (B) Fluid-attenuated inversion recovery (FLAIR) MRI image 

showing a viable cyst in the right perirolandic area (arrow). This patient experienced a tonic 

seizure of the left arm and the left-sided face, as she had presented previously, during an 

EEG that was showing right fronto-central polyspikes at that time.
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Table 1.

Functional brain areas related to epilepsy
a
 (modified from Luders et al. (Luders, 2008))

Lobe Functional brain areas

Perirolandic region
b Lateral perirolandic

Mesial perirolandic

Frontal lobe
c Premotor

Negative motor/Broca’s language
d

Dorso-lateral frontal

Frontal pole

Orbitofrontal

Supplementary motor

Pre-supplementary motor

Mesial prefrontal

Anterior cingulate gyrus

Parietal lobe
e Postero-superior parietal cortex

Postero-inferior parietal cortex

Precuneus

Posterior cingulate gyrus

Temporal lobe Mesial

Neocortical

Occipital lobe Primary visual cortex

Secondary visual cortex

Insular lobe Anterior insula

Posterior insula

a
Functional brain areas, for each hemisphere, considered as exclusive categories.

b
Includes the primary motor and primary somatosensory cortex.

c
Excludes the primary motor cortex.

d
Broca’s language area was considered as present only in the dominant hemisphere where overlaps with the negative motor area.

e
Excludes the primary somatosensory cortex.
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Table 2.

Baseline characteristics

Characteristic Total (N=58)

Sex male 35 (60%)

Age at enrolment (years), median (IQR; range) 26 (19–36; 16–58)

Length of follow-up (months), mean (SD) 16.3 (3.9)

Antiepileptic drug

Carbamazepine 31 (53%)

Phenytoin 27 (47%)

NCC lesions

Brain lobes with at least one NCC lesion
a

  Frontal lobe 22 (38%)

  Perirolandic region 17 (29%)

  Occipital lobe 14 (24%)

  Parietal lobe 10 (17%)

  Temporal lobe 6 (10%)

  Insular lobe 4 (7%)

Type of neocortex with at least one NCC lesion
a

  Primary cortex 24 (41%)

  Unimodal association cortex 28 (48%)

  Heteromodal association cortex 18 (31%)

Location of NCC lesions and perilesional FLAIR hyperintensity
a

  Lateral perirolandic area 19 (32.8%)

  Premotor area 14 (24.1%)

  Secondary visual area 12 (20.7%)

  Primary visual area 11 (19.0%)

  Mesial perirolandic area 9 (15.5%)

  Negative motor/Broca’s language area 6 (10.3%)

  Postero-superior parietal area 6 (10.3%)

  Neocortical temporal area 6 (10.3%)

  Dorso-lateral frontal area 5 (8.6%)

  Supplementary motor area (in mesial frontal lobe) 5 (8.6%)

  Posterior insula 4 (6.9%)

  Frontal pole 3 (5.2%)

  Postero-inferior parietal area 3 (5.2%)

  Mesial temporal area 3 (5.2%)

  Precuneus 2 (3.4%)

  Anterior cingulate gyrus 2 (3.4%)

  Posterior cingulate gyrus 2 (3.4%)

  Orbitofrontal area 1 (1.7%)

  Mesial prefrontal area 1 (1.7%)
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Characteristic Total (N=58)

  Pre-supplementary motor area (in mesial frontal lobe) 0

  Anterior insula 0

Seizure expression

Age at seizure onset (years), median (IQR; range) 25 (18–35; 12–57)

Length of seizure history at enrolment (months), median (IQR) 5.9 (1.1–23.8)

Occurrence of first seizure ever

  >12 months before enrolment 22 (38%)

  Between 2 and 12 months before enrolment 18 (31%)

  Within 2 months before enrolment 18 (31%)

Occurrence of last focal seizure

  Between 2 and 9 months before enrolment 6 (10%)

  Within 60 days before enrolment 26 (45%)

  During follow-up 26 (45%)

a
Percentages add up to more than 100% because some patients had two lesions in different areas or lobes.

Abbreviations: IQR, interquartile range; NCC, neurocysticercosis; SD, standard deviation.
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