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Background. The transient development of perilesional edema (PE) around 21 calcification (defined as 1 episode) occurs in
about 50% of the patients with recurrent seizures in calcified neurocysticercosis (NCC). We determined the long-term clinical and
radiological course of persons undergoing PE episodes.

Methods. Twenty-one persons with NCC who experienced >1 PE episode were followed for a median of 10.6 years (range,
0.4-29.2 years). Clinical evaluations and magnetic resonance imaging (MRI) were performed at the time of suggestive symptoms
and during routine follow-up.

Results.  PE episodes were documented 78 times, involving 50 of 729 calcifications. Episodes reoccurred in all but 3 persons.
The pattern, rate, and number of episodes were variable, commonly chronic, and not significantly associated with time from treat-
ment, number of calcifications, or sex. Seizure was the most common symptom, but almost 30% of episodes were asymptomatic and
detected by MRI during routine follow-up. Persons with delayed recurrent episodes were significantly older (age, 42.3 vs 28.8 years;

P =.045). Seizures continued to occur in 37.5%, and 2 persons had a severe disabling clinical course.

Conclusions.

The number and timing of PE episodes in individuals with calcified NCC are variable and commonly chronic,

sometimes recurring over decades. A minority of patients developed significant disability.
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Calcification of degenerating Taenia solium granulomas
(calcifications) in the brain commonly occurs as a normal
consequence of disease progression or following cysticidal
treatment. Calcifications are the most common radiolog-
ical finding among cases of neurocysticercosis (NCC) in
T. solium-endemic populations, with a frequency of detection
of 10%-20% in the general population in regions of ende-
micity [1]. Among patients with T. solium calcifications and
epilepsy, calcifications have been found to be the focus of
seizure activation in 40%-60% [2, 3, 4, 5]. In studies where
magnetic resonance imaging (MRI) was performed shortly
after the abrupt onset of seizures or other symptoms, perile-
sional edema (PE) was frequently detected around >1 calcifi-
cation [6, 7-13, 14-19, 20, 21]. In a prospective study of PE [1]
among patients with brain calcifications and a history of sei-
zures, MRI of 50% demonstrated newly developed PE around
21 calcification at the time of a seizure; PE was detected in
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9% of matched asymptomatic controls from the same cohort,
proving the association between PE and seizures.

Most of the evidence suggests that the PE around calcifica-
tions is due to episodic host inflammatory responses directed
to parasite antigen in calcified lesions [8, 13]. The presence of
inflammation in acute PE around calcified lesions is supported
by direct demonstration in surgically excised involved calci-
fications [15, 17], upregulation of the translocator protein by
positron emission tomography of the tissues surrounding cal-
cifications undergoing acute PE [22], and increased levels of
serum metalloproteases in symptomatic patients with T. solium
calcifications [23, 24]. Inflammation is indirectly implicated by
the appearance and/or increase of pericalcification gadolinium
enhancement with MRI, which is likely caused by perturbation
of the blood-brain barrier function by ongoing [25] or increased
[26] host inflammation.

In the absence of specific clinical descriptions and long-term
observations, the prognosis of these patients remains unclear.
We determined the clinical course and characteristics of PE in
calcified NCC in a cohort of 21 persons who had experienced
>1 documented PE episode.

METHODS

From 1985 until June 2014, 101 patients with a proven or
probable diagnosis of NCC were enrolled in a clinical pro-
tocol approved by the Institutional Review Board of the
National Institute of Allergy and Infectious Diseases (protocol
85-1-127) with objectives to evaluate, diagnose, treat, and follow
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participants with NCC for as long as possible. All patients
signed the protocol consent. All patients had a diagnosis of defi-
nite or probable NCC, underwent an extensive history, physical,
and neurological evaluation, including computed tomography
(CT) and MRI of the brain; spinal imaging, for patients with
extraparenchymal NCC; Western blot serological testing for
cysticercosis, performed by the Centers for Disease Control
and Prevention; and other tests to optimize care, including
electroencephalography, when clinically indicated. Patients
were discovered under the following situations: (1) evaluation
of newly referred patients at enrollment and subsequent clini-
cal and radiological follow-up; (2) routine follow-up of patients
with only calcifications, usually with a prior or current history
of seizures; and (3) evaluation of patients followed with other
forms of NCC who had or developed calcifications after cysti-
cidal treatment or as a consequence of the natural evolution of
parenchymal cysts.

Detection and Diagnosis of Perilesional Edema Around Calcified Lesions
Calcification within lesions was documented by CT (ie,
detection of a bright signal similar to bone within a degen-
erating cyst) in most instances but alternatively by suscep-
tibility-weighted imaging or gradient echo MRI sequences
before or at the time of a PE occurrence. PE was arbitrarily
defined as the presence of an area of edema at least twice the
diameter of the calcification, as assessed by fluid attenuated
inversion recovery (FLAIR) or by a T2 MRI closely associated
with a calcification and with new or increased pericalcification
enhancement. Its presence was assessed by >1 author and con-
firmed by diagnostic staff neuroradiologists. PE around large
calcifications was also included when the edema was apprecia-
ble, even if it was less than twice the calcification’s diameter. By
definition, PE episodes/occurrences are transient. In patients
followed serially or in those with prior available MRIs, PE was
required to be absent in imaging studies predating a particu-
lar occurrence. PE had to become undetectable or be greatly
reduced in size over time to be considered a separate occur-
rence and episode. Gross changes in the degree of enhance-
ment were visually assessed using axial T1 postgadolinium
or T1 3-dimensional (3D) sagittal postgadolinium sequences.
Gliosis around a calcification was defined as an unchanged
increased FLAIR signal over time. Gross changes in the degree
of enhancement were visually assessed using axial T1 postgad-
olinium or T1 3D sagittal postgadolinium sequences. Gliosis
around a calcification was defined as an unchanged increased
FLAIR signal over time.

Definition of Episode and Occurrence

An episode was defined as the new appearance of perilesional
edema around 2>1 calcification as ascertained by MRI, begin-
ning at the time of newly recognized PE surrounding >1 cal-
cification and/or the onset of new symptoms and ending with

the disappearance of all PEs. An episode may not have been
accompanied by newly detected symptoms. In most instances,
imaging was prompted by the onset of new clinical symptoms,
most commonly seizures.

The description, imaging characteristics of each PE calcifica-
tion, and duration of its associated edema in 1 specific episode
was designated as an occurrence. The separate definition for a
calcification and its associated edema over time as an occurrence
allows analysis of features and characterization of all calcifica-
tions with PE, even when multiple calcifications were involved
at the same time or during different episodes. The duration of
PE was defined as the interval between the date of the MRI doc-
umenting an episode to the date of the MRI in which the size
of the edema in a specific calcification was no longer present or,
in some instances, barely discernable. An involved calcification
was defined as any calcification that caused an occurrence.

Assessment of Suspected Episodes

Evaluation included clinical and neurological examinations;
assessment for potential causes of seizures or symptoms, includ-
ing review of antiepileptic drugs and their blood concentrations,
if measureable; MRI as soon as possible following the onset of
suggestive symptoms; electroencephalography when clinically
indicated; routine hematological and chemical laboratory test-
ing; and other testing as medically required. Referred patients
underwent MRI and, if findings of a recent CT were not avail-
able, CT. Patients with seizures initiated antiseizure medication
and were monitored appropriately for treatment adherence
and maintenance of therapeutic blood levels. The timing and
number of post-episode MRIs were variable, but an attempt was
made to document the duration of perilesional edema, if logis-
tically feasible. Patients were followed as clinically indicated.
Asymptomatic patients were routinely reevaluated annually or
semiannually, as outlined above, including a routine MRL

Non-PE-Associated Seizures

A seizure not associated with PE was defined when PE was not
present 17 days after a clinical event. This interval was selected
because PE was present in all patients for at least 18 days after
the clinical onset of symptoms.

Time Line of Episodes
The date of the MRI documenting the first episode was defined
as time 0. The dates of treatment and enrollment and the dura-
tion of follow-up at the National Institutes of Health (NIH)
were referenced to time 0, allowing comparison of the timing
of episodes for all persons, including those without clinical
symptoms. A number of patients had extensive documentation
before enrollment at the NIH; these data were included in the
analysis if an episode could be confirmed by MRI/CT.
Symptoms accompanying PE episodes were determined for
all patients who were followed at the NIH and for the episode
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preceding enrollment, if it occurred within the prior year and
the symptoms were known or recalled in sufficient detail.

Seizure Assessment
Seizure diagnosis and classification of seizure type followed the
definitions of the International League Against Epilepsy [27].

Statistical Methods

Between-group comparisons were performed with nonpara-
metric tests, such as the Mann-Whitney U test. x* statistics
with contingency tables or Fisher’s exact tests (for compari-
sons between 2 groups) were used for comparing proportions
and frequencies. Kaplan Meier statistics were used for survival
analysis of time to PE episodes. Data were treated as nonpara-
metric or were log transformed for parametric statistical anal-
ysis. Statistical analysis was performed using Prism software
(GraphPad Software, La Jolla, CA)

RESULTS

Characteristics of Patients

Ninety-nine patients enrolled in the NIH neurocysticercosis
protocol (85-1-0127) from 1985 until June 2014 (2 patients
recruited from Peru for the study of PE were excluded) had an
established diagnosis of neurocysticercosis that was based on
previously published criteria [28]. Twenty-one patients had >1
documented PE episode, and 78 patients did not. There were
no significant differences in age at enrollment (median age
30.7 years among patients with PE episodes vs 34 years among
those with no episodes), female sex (66.7% of patients with PE
vs 47.4% of patients without PE), or median duration of fol-
low-up at the NIH (8.5 years among patients with PE episodes
vs 6.8 years among those with no episodes).

All 21 patients had prior and/or current imaging diagnostic
or suggestive of neurocysticercosis. At the time of the first PE
episode, 20 had only calcifications, and the remaining patient
had both calcifications and a cystic lesion that was success-
fully treated later. At enrollment, 16 (76.2%) had NCC-positive
results on serologic testing. Three persons had other extraparen-
chymal manifestations of NCC, consisting of a calcified Sylvian
fissure cyst in the first patient, 2 surgically removed fourth ven-
tricular cysts and a lateral ventricular cyst in the second patient,
and a lateral ventricular cyst resulting in an entrapment in the
third patient. The latter patient also developed hydrocephalus.
Most (19 of 21 [90.5%]) had >1 calcified lesion. One of the 2
persons with typical single calcifications had negative results on
serologic testing for cysticercosis and was considered to have
NCC because of the presence of a calcification and symptoms
typical of a patient born and raised in a region of endemicity. All
but 1 patient (ie, 20 [95.2%]) had a history and exposure sug-
gestive of NCC. Thirteen (61.9%) were born or exposed in Latin
America, 6 (28.6%) were born or exposed in Asia, 1 (4.8%) was
exposed in Africa, and 1 (4.8%) had no known exposure outside

of the United States. Three (14.3%) were expatriates or travelers
to NCC-endemic countries. The patient without known expo-
sure had a single degenerating lesion that calcified and had 2
Western blots positive for cysticercosis [29]. Including PE epi-
sodes before enrollment at the NIH, patients were followed
for 228 patient-years, with a median follow-up duration of
10.6 years/patient (range, 0.4-29.2 years/patients). At the NIH,
patients were followed for 180 patient-years, with a median
follow-up duration of 8.5 years/patient (range, 0.3-28.8 years/
patient).

Clinical Manifestations of PE Episodes

The presence and nature of accompanying symptoms could be
determined in 65 of 78 PE episodes (83.3%; Table 1). A majority
of evaluable episodes (46 of 65 [70.8%]) were associated with
clinical symptoms. Seizure, occurring in 50.8%, was the most
common symptom (focal, 19 evaluable episodes [29.2%]; gen-
eralized, 12 [18.5%]; and focal with generalization, 2 [3.1%]).
Focal neurological complaints other than seizures were seen in
11 (16.9%). Although headache was a common complaint, it
usually accompanied other symptoms. Headaches were the only
symptom in only 2 instances (3.1%). A majority of patients (13
of 21 [61.9%]) experienced =1 asymptomatic episode, which
comprised 29.2% of all episodes (19 of 65; Table 1). Repeated
occurrences involving a same calcification tended to result in
similar symptoms. In 15 of 78 episodes (19.2%), =2 calcifica-
tions demonstrated perilesional edema simultaneously (mul-
tiple occurrences). While all 21 patients with PE had at some
point at least 1 episode of PE with associated neurological
symptoms, a majority (13 [61.9%]) also experienced =1 asymp-
tomatic episode, which comprised 29.2% of all episodes (19 of
65; Table 1).

Multiple PE Episodes in the Same Patient

Most patients (18 of 21 [85.7%]) experienced multiple PE epi-
sodes (median, 3 episodes; range, 1-14 episodes), and only 3
patients experienced a single episode without any recurrences
(Table 1). In 15 of 78 episodes (19.2%), >1 calcification demon-
strated perilesional edema simultaneously. The incidence of
episodes was 0.42 per evaluable year. (range, 0.1-5 episodes/
evaluable year).

Duration and Time Course of Episodes

The duration of PE was determined for 24 occurrences in 11
individuals for whom the spacing of multiple MRIs allowed a
reasonable determination. Overall, 24 PE occurrences persisted
for a median duration of 40 days, with the duration never being
<18 days (range, 18-421 days). Most occurrences were short lived,
with a median duration of 35 days (range, 18-77 days; 18 occur-
rences in 7 individuals). However, in 4 patients there were 6 pro-
longed occurrences, with a median duration of 238 days (range,
98-421 days). A marked decrease in enhancement over time fol-
lowing an occurrence that included complete loss of enhancement
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Table 1. Demographics, Characterization of Episodes and Associated

Symptoms
Variable Value
Demographic characteristics
Age at enrollment, y 30.7 (19.7-69.8)
Female sex, persons, % 66.7
Site of birth or exposure, persons, %
Latin America 61.9
Asia 28.6
Africa 4.8
No foreign exposure 4.8
Expatriates or travelers with >1 mo of exposure 14.3
in NCC-endemic area, %
Follow-up duration, y
At NIH only 8.5 (0.3-28)
At NIH and elsewhere 10.6 (0.4-29.2)
Episodes
>1, persons, no. 21
Total no. 78
Evaluable for symptoms within 1y of enroliment 65/78 (83.3)
Recurrent 18/21 (85.7)
No./person 3(0.1-5)
Incidence, no./evaluable year (range) 0.42 (0.1-5)
Any asymptomatic 13/21 (61.9)
1 symptomatic 7/13 (53.8)
2 symptomatic 6/13 (46.2)
Multiple occurrences 15/78 (19.2)
Clinical symptoms of episodes
Symptomatic 46/65 (70.8)
Asymptomatic 19/65 (29.2)
Focal seizures 19/65 (29.2)

(

(

(
Generalized seizures 12/65 (18.5)

(

(

(

Focal neurological 11/65 (16.9)
Focal seizures with generalization 2/65 (3.1)
Headaches 2/65 (3.1)

Data are no. of persons with the characteristic/no. evaluated (%) or median value (range),
unless otherwise indicated.

Abbreviations: NCC, neurocysticercosis; NIH, National Institutes of Health.

did not predict an absence of future episodes or occurrences. The
time of PE episodes and non-PE-associated seizures, the time of
cysticidal treatment, and the extent of observation at the NIH for
the 21 patients with PE episodes are shown in relation to the first
documented PE episode in Figure 1. The pattern and chronology
of PE episodes varied (Figure 2). Whereas 3 patients had 1 epi-
sode, others experienced a few episodes and then ceased having
them, and some experienced many episodes over the period of
observation. The pattern of PE episodes may have been influenced
in 3 cases (patients 3, 13, and 17) by the tapering or stopping of
corticosteroid therapy, possibly precipitating episodes [16] or by
use of methotrexate, which was administered in 1 case (patient
17) and anecdotally prevented seizures for the next 8 years [30].

Time to the First Recurrent Episode
The time to the first recurrent PE episode after the initial PE epi-
sode is shown in Figure 3. One or more recurrent PE episodes

occurred in 18 of 21 subjects. Patients could be reasonably
divided into 2 groups: 12 (66.7%) had a recurrent PE episode
within 1.8 years (median, 0.96 years; range, 0.09-1.8 years),
whereas 6 (33.3%) had delayed recurrences (median, 5.9 years;
range, 4-12 years). Those with earlier recurrences were signifi-
cantly younger (median age, 28.8 vs 42.3 years; P = .025, by the
Mann-Whitney test) at enrollment. However, there were no
significant differences between the groups in the number of
episodes or occurrences, the number of total calcifications or
involved calcifications, sex, age at the time of their initial symp-
toms, or treatment of viable cysts.

The date of cysticidal treatment was known for 11 patients
(Figure 1). Because PE episodes might occur more frequently in
recently degenerated cysts in which the interval between cysti-
cidal treatment and the initial PE episode was short, compared
with the frequency in those in which the interval was longer, we
tested for this possibility in this subset. There was no correla-
tion between the duration between cysticidal treatment and the
onset of the initial PE episode.

Involved Calcifications

Fifty of 729 calcifications (6.9%; Table 2) were involved in 107
PE occurrences (median, 3 occurrences/patient; median, 5
calcifications/patient; and median, 2 involved calcifications/
patient). The location of involved calcifications is reviewed in
Table 2.

Possible Associations Between Calcifications and Frequencies of
Occurrences or Episodes

There was a significant correlation between the number of
occurrences and the total number of calcifications (P = .046, by
the Spearman correlation test) but not for the number of epi-
sodes and the total number of calcifications (P = .426, by the
Spearman correlation test). However, the numbers of occur-
rences and episodes were significantly correlated with the num-
ber of involved calcifications (P =.001 and P = .008, respectively,
by the Spearman correlation test). The frequencies of PE occur-
rences and episodes in the treated group (60 occurrences and 40
episodes among 11 persons) were not significantly different (by
the Mann-Whitney test) from those in the untreated group (32
episodes and 31 occurrences among 7 persons). Although the
frequencies of occurrences and episodes were greater among
females, there was no significant correlation (by the Mann-
Whitney test) between sex or age and the frequencies of occur-
rences (86 among 14 females vs 21 among 7 males) or episodes
(62 among 14 females vs 18 among 7 males). Similarly, despite
a greater frequency of episodes among patients with positive
results of serologic testing for cysticercosis (66 episodes among
16 patients), compared with patients with negative results (11
among 5), the difference was not statistically significant (by
the Mann-Whitney test). There was a trend toward a greater
frequency of occurrences if results of serologic analysis were
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Figure 1. Time course of episodes plotted from the date of the first documented perilesional episode (vertical line) in 21 patients. Each horizontal line is the time course for
1 patient. Some referral records allowed documentation of perilesional edema (PE) episodes before enrollment. Persons whose treatment is not denoted either received no
treatment or had inadequate documentation. Abbreviation: NIH, National Institutes of Health.

positive (95 occurrences among 16 patients with positive results General Clinical Course
vsll among 5 with negative results; P = .096, by the Mann-  Ongoing symptoms, long-term sequelae, and disability among
Whitney test). patients at the end of the observation period (June 2014) are

8/4/03 4/9/04 12.15.05 1/6/06 7 4/10/08

8/4/03 4/9/04

Figure 2. Course of perilesional edema episodes/occurrences over time in 1 patient. Serial fluid-attenuated inversion recovery magnetic resonance images obtained over
approximately 9 years in 1 patient focused on 2 involved calcifications (one shown in the upper 2 panels and the other shown in the lower 2 panels). The course of follow-up
was more extensive than shown, and not all occurrences are presented.
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Figure 3. Kaplan-Meier survival curve of the time from the first documented epi-
sode to the first recurrent episode. Only 18 of 21 persons had a recurrence. The 6
outliers with the longest time to the recurrence were compared to the remaining 12.

summarized in Table 2. A majority of patients fared moderately
well in the long term. Seizures within the prior 2 years and head-
aches were the most common symptoms, each occurring in a little
more than one third of patients (37.5%). Ongoing treatment with
antiseizure medications was required in 62.5%. Five of 21 patients
(23.8%) also had non-PE-related seizures, which contributed to
morbidity in the 2 patients with the most-severe clinical courses.
One patient transitioned exclusively to many non-PE-related
seizures, while the other patient also developed mesial temporal
sclerosis, loss of brain mass, dementia, and perilesional gliosis
involving many of the patient’s numerous calcifications.

DISCUSSION

This is the first detailed description and characterization of the
natural history of PE in calcified NCC in persons followed over
an extended period. Most patients experienced recurrent epi-
sodes. In 76.2% of these patients, PE episodes were essentially
the only documented pathophysiological process associated
with seizures.

The clinical course of disease was highly variable, ranging
from a single episode involving a single calcification to many
episodes encompassing multiple involved calcifications, often
with >2 simultaneous PE occurrences, resulting in lifelong inca-
pacitating epilepsy. Although the clinical course was varied, it
was commonly chronic. Of the 10 patients who were under our
observation for at least 10 years, half continued to experience
recurrent PE episodes throughout the period.

Table 2. Characterization of Calcifications, Location of Involved
Calcifications, and Clinical State at Last Assessment

Variable Value

Calcifications

Total no. 729
Involved, no. (%) 50 (6.9)
Total/patient, no., median (range) 5 (1-280)
Involved/patient, no., median (range) 2 (1-11)
Total documented occurrences, no.2 107
Occurrences/person, no., median (range) 3(1-32)
Location of involved calcifications, %
Right frontal 20
Left frontal 26
Right parietal 14
Left parietal 10
Right occipital 6
Left occipital 12
Right temporal 0
Left temporal 8
Right other 2
Left other 2
Clinical state at last assessment, patients, no. (%)
Evaluable® 16 (76.2)
Seizures within past 2 years 6 (375)
Taking antiseizure medication 10 (62.5)
Headaches 6 (375)
Depression 2 (12.5)
Dementia 1(6.25)
Extraparenchymal sequelae 2 (12.5)
Disability from removal of degenerating 1(6.25)
cyst
Mesial temporal sclerosis 1(6.25)

aData are for each calcification with >1 occurrence.

On protocol, seen or contacted within past 4 years.

As summarized in Table 2, the continuing symptoms, clinical
state, and residual disability of patients with PE at the end of the
observation period was variable, but on the whole most patients
did reasonably well. Patient 17 experienced many PE episodes and
developed dementia, pericalcification gliosis [23, 24], and mesial
temporal sclerosis [31, 32], all likely complications of epilepsy
from NCC. Although most patients with PE episodes had seizures
related to that pathophysiology, 5 patients, including 2 with the
most-severe clinical course, also experienced non-PE-related sei-
zures, possibility further contributing to their severe clinical course.

The duration of PE around individual calcifications was sur-
prisingly variable. While the median duration in 18 of 24 (75%)
was 35 days, the median duration in the remaining 6 (25%)
was 238 days, with some lasting >1 year. Symptoms in the lat-
ter group waxed and waned in parallel with the changes in the
extent of the perilesional edema.

A surprising 29.2% of all episodes were detected in asymp-
tomatic individuals, over 3 times greater than the frequency
found in our previous prospective study [1]. This was almost
certainly due to our practice of obtaining MRIs during routine
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clinic visits and for evaluation of other manifestations of NCC
in patients who also had parenchymal calcifications. All patients
with asymptomatic PE episodes also had PE associated with
overt seizures, so they had both symptomatic and asymptomatic
PE episodes. A logical explanation is that PE episodes/occur-
rences detected by imaging are more common than appreciated
clinically but at times fail to cause appreciable symptoms. The
association of seizures and PE was conclusively established in a
prior randomized, controlled, observational study in which 50%
of patients experiencing a seizure demonstrated PE, while only
9% of a matched control group from the same cohort showed
PE [1]. Patients were routinely administered therapeutic doses
of antiepileptic drugs, which could also have suppressed clinical
symptoms.

The present study indicates that PE episodes are frequently
recurrent and chronic, commonly reoccurring over >1 decade.
Because the available evidence indicates that PE episodes are
caused by periodic bouts of increased inflammation centered
on calcifications, there is a reasonable possibility that immuno-
suppressive treatments may be able to prevent and treat seizures
caused by this pathophysiological mechanism [30]. However, opti-
mal management has not been defined, and in the case of cortico-
steroid use, withdrawal can potentially worsen perilesional edema
[16]. Clearly, further study is needed to define optimal therapy.
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