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THE ROLE OF THE IRRITATIVE ZONE AND OF THE
NUMBER AND DISTRIBUTION OF CALCIFICATIONS
IN THE SEVERITY OF EPILEPSY ASSOCIATED WITH
INTRACRANIAL CALCIFICATIONS

Pedro André Kowacs', Enio Rogacheski?, Juliano Muzzio’, Lineu César Werneck'

ABSTRACT - Objective: To determine the influence of the location of the irritative zone, and the number
and the distribution of the intracranial calcifications in the severity of epilepsy associated with intracra-
nial calcifications. Method: We studied 47 patients with epilepsy and intracranial calcifications, 24 with
normal (Group A) and 23 with abnormal interictal EEGs (Group B), a control group (n=21) with abnormal
interictal EEGs and normal CT-scans (Group C). Clinical, electroencephalographic and neuroradiological
featureswere compared among groups. Results: Temporal lobe interictal EEG abnormalities were found
in 23/24 Group B patients, and in all Group C patients. Most Group B and Group C patients presented tem-
poral lobe seizure symptomatology, whereas in most Group A patients symptomatology was rolandic
(p=0.0001). Epilepsy was more severe in Group B and Group C patients than in Group A patients (p=0.0001
and p=0.0054). No relationship was found between the number of calcifications and epilepsy severity.
Conclusion: An irritative zone at the temporal lobe is more relevant in determining the severity, sympto-
matology and frequency of seizures than the number and location of calcifications.

KEY WORDS: epilepsy-localized, epilepsy-temporal lobe, neurocysticercosis, cysticercosis, calcifications-
intracranial.

Papel da zona irritativa e do numero e distribuicao das calcificacoes na gravidade da epilepsia
associada com calcificacoes intracerebrais

RESUMO - Objetivo: Testar a relevancia do lobo temporal na epilepsia associada a neurocisticercose inati-
va. Método: Foram selecionados 47 pacientes com epilepsia e calcificacdes intracerebrais, 22 com EEGs
intercriticos normais (Grupo A) e anormais em 23 (Grupo B) e um grupo controle (n=21) com EEGs inter-
criticos anormais sem calcificagdes intracerebrais (Grupo C). Caracteristicas clinicas, eletrencefalogréficas e
neuroradiolégicas foram comparadas entre os grupos.  Resultados: Encontramos anormalidades eletrence-
falograficas temporais em 23/24 dos pacientes do Grupo B e em todos do Grupo C. Na maioria dos pacientes
do Grupo B e Grupo C a sintomatologia ictal foi interpretada como temporal, porém no Grupo A como
rolandica (p=0,0001) A epilepsia foi mais grave nos grupos Grupo B e Grupo C que no Grupo A (p=0,0001
€ 0,0054). Nao houve relacdo direta entre o nimero de calcifica¢bes e a gravidade da epilepsia. Conclusdo:
Uma zona irritativa sobre o lobo temporal é mais relevante na gravidade, sintomas e frequéncia das crises
gue o numero e a localizacdo das calcificagdes.

PALAVRAS-CHAVE: epilepsia localizada, epilepsia do lobo temporal, neurocisticerose, cisticercose, calcifi-
cacdes intracerebrais.

As in other Latin American countries, neurocys-
ticercosis has been identified in Brazil as the single
main abnormality found on ancillary investigation
of adults with epilepsy in primary health care servic-
es, university hospitals, and radiological clinic sur-
veys'. Although some studies have been carried out
with the aim of determining the prognostic factors
of epilepsy related to neurocysticercosis®”, it has

recently been shown that, in many cases, parenchy-
mal neurocysticerasis leaves no clue for later diag-
nosis®. However, in these countries, calcified lesions
are the most common clinical presentation of neuro-
cysticercosis associated with epileptic seizures'3°,
occurring in 70-90% of patients with neurocysticer-
cosis and epilepsy.

In a recent review of cysticercosis and epilepsy,
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Carpio et al.”? pointed to the lack of studies with pa-
tients with acute symptomatic seizures, chronic recur-
rent seizures and newly diagnosed recurrent seizures.
We have carried out this study in an attempt to
clarify the factors related to the severity of epilepsy
associated with intracranial calcifications.

METHOD

Files for two sets of patients were selected from the
patients’ database at the HC-UFPR Hospital, in Curitiba,
so uth ern Brazil. One of the files i ncluded all the patients
with intracranial calcifications and epilepsy that had attend-
ed the general neurology out-patient clinic during 1993.
Inclusion criteria were age between 15 and 65 years, pres-
ence of calcifications on computerized tomography (CT-
scan) images of the brain and follow-up of one year. Exclu-
sion criteria were presence of idiopathic or symptomatic
generalized epilepsy'®, presence of active systemic or neu-
rological disease, seizures related to specific conditions and

presence of severe mental retardation. All of the patients
selected were interviewed by one of the investigators (PAK),
and submitted to an inventory, according to the protocol.
Of the 51 patients selected serially, four dropped out for
the following reasons: mental retardation (n=2); intracra-
nial neoplasm (n=1); and lack of will to participate (n=1).
Patients with intracerebral calcifications and a normal rou-
tine EEG were submitted to another tracing after 24 hours
of sleep deprivation and subdivided into two groups - the
G roup A (absence of an interictal EEG focus), and G roup B
(presence of an interictal EEG focus). A control group
(Group C) of patients with normal CT-scan images but ab-
normal EEGs was selected from the same out-patient clin-
ic (n=15) and from the epilepsy out-patient clinic (n=6) (Ta-
ble 1).

Although the proportion of females was higher in both
groups with abnormal EEGs compared with that of the
Group A, the diff e rences were not statistically significant
(Tables 2, 3 and 4). Only one patient from the Group B had
been treated for neurocysticercosis with albendazole. Sei-

Table 1. Main criteria for the Groups A, B and C.

Group A Group B Group C
CT-scan calcifications  calcifications normal
Inter-ictal EEGs* normal focal spiking focal spiking

* for patients with a normal interictal EEG a second EEG tracing after sleep deprivation

was done.

Table 2. Demographics of Group A, Group B and C patients.

Group A
n Meanzsd Range Median
Males/Females 13/11
Age 24 28.5+11.0 17-56 255
Age* at first seizure 24 13.3+10.8 0.4-44 12
Years of epilepsy 24 15.2+10.8 1-48 13
Years in rural areas 19 16.3x9.6 2-36 14
Group B
n Meanzsd Range Median
Males/Females 7/16
Age 23 30.2+£9.2 15-52 29
Age* at first seizure 23 9.3+7.6 0.7-25 7
Years of epilepsy 23 20.9+8.6 3-35 22,5
Years in rural areas 18 16.6+11.4 0.6-41 17.5
Group C
n Meanzsd Range Median
Males/Females 714
Age 21 33.5+10.1 21-55 30
Age* at first seizure 21 11.7+10.3 0.1-38 10
Years of epilepsy 21 21.8+9.1 5-42 23
Years in rural areas 11 23.5+16.4 1-51 24

Group A: intracranial calcifications and no interictal EEG abnormalities, Group B: intracranial
calcifications with interictal EEG abnormalities, Group C: no intracranial calcifications but with
interictal EEG abnormalities; * age in years; n: number.
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Table 3. Initial ictal symptomatology.

Groups
Initial ictal Group A Group B Group C Group B + Group C
symptoms n=24 n=21%* n=19* n=40*
Rolandic 11# 1 1
Temporal lobe 6 14# 15# 29
Mixed 5 7 2 9
Others 2 1 1

*Two Group B patients did not report initial ictal symptoms, as was also observed for the Group C;
Rolandic: simple motor or somatosensory symptoms; Temporal lobe: complex partial seizures associat-
ed to automatisms and/or autonomic, olfatory, psychic, or vertiginous symptoms; Mixed: association
between rolandic and temporal lobe symptoms, or of either type with other symptoms; n: number;

# p=0.0001.

zures were classified according to the 1981 ILAE revised
proposal'. Seizure frequency was classified according to
the last year of follow-up as no seizures, few seizures (less
than one seizure a month), frequent seizures (at least one
seizure a month) and very frequent seizures (one seizure
or more a week). Severity of epilepsy was classified by com-
bining average seizure frequency with seizure type (minor
= p artial; major = secondarily generalized) and classified
as controlled, for no seizures in the last year, or as mild,
moderate and severe, according to modified Pazzaglia cri-
teria™.

CT-scans of the head were performed with a 10° angle.
Ten millimeter and 6 mm intervals were used for imaging
above and below the tentorium, respectively. Images were
transposed to sketches of the tomograms by a board-cer-
tified neuroradiologist. Quantity of calcifications was clas-
sified as isolated (n=1), sparse (1<n<5), and diffuse (n>5),
in accordance with the nomenclature used by t he associ-
ated radiologist (ER). For Group B patients, location of cal-
cifications was compared to location of surface EEG foci.
Calcifications of the patients in each group were superim-
posed in a single sketch, and the Group A sketch was com-
pared with the Group B sketch.

Table 4. Group B and Group C interictal EEG abnormalities.

Total
(n=44)

Group B
(n=23)

Group C
(n=21)

Location / Abnormalities

Temporal lobe foci*
Unilateral 23 21 44

sharp waves and spikes 17 16 33
slow waves 6 5 11
Bilateral 7 5 12

sharp waves and spikes 4 4 8

slow waves 3 1 4
Extratemporal foci

sharp waves and spikes 1 1 2

slow waves 1 1
Lateralized abnormalities

sharp waves and spikes 1 1 2

slow waves 1 1

n, number; *temporal lobe foci with or without associated extratem-
poral foci; note: some patients presented more than a single EEG abnor-
mality.

Table 5. Severity of epilepsy in Group A, Group B and Group C patients.

Group A Group B Group C Total
Controlled 10 2 3 15
Mild 6 2 4 12
Subtotal 16 4# 7 27
Moderate 5 4 5 14
Severe 3 15* 9# 27
Subtotal 8 19 14 a1
Total 24 23 21 68

# p<0.005; *: p<0.0001.
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Figs 1 and 2. Distribution of all intracranial calcifications transposed to sketches of the CT-scan images of Group A patients (upper
figure) and Group B patients (lower figure). The sketches of the brain were adapted from Berman SA et al, AJR Am J Roentgenol

1980;135:253-257.

— T M

A ILQ -

— I (-0
- T mr

Figs 3 and 4. Examples of patients without a relationship between the localization and number of intracranial calcifications and

the type and severity of epilepsy. Upper sketches: diffuse intracranial calcifications and mild right rolandic epilepsy. Lower sketch -

es: single right parietal intracranial calcification and severe left temporal lobe epilepsy. The interictal EEG of this patient disclosed
left temporal spiking. The sketches of the brain were adapted from Berman SA et al, AJR Am J Roentgenol 1980;135:253-257.

The possible relationship between the number of cal-
cifications and severity of epilepsy was studied. The level
of significance was determined by the Qui-square test cor-
rected by Yates and by Fisher’s exact test.

The publication of the study was approved by the local
regulatory institution.

RESULTS

In the Group A, patients without seizures in the
last year prior to the study or with infrequent (low
frequency) secondarily generalized seizures were
more common than patients with frequent or very
frequent (high frequency) secondarily generalized
seizures (p<0.005). No difference, however, was found
between high frequency or low frequency simple and
complex partial epileptic seizures in the same group.

In the Group B, patients with frequent or very fre-
quent simple and complex partial seizures predom-
inated over those without seizures or with infrequent
seizures (p=0.001) in the last year prior to the study.

In the Group C, no difference was found in seizure
f requency between partial and secondarily general-
ized seizures.

Frequent or very frequent partial seizures were
more common among Group B patients than Group
A patients (p<0.05). Group B patients and Group C
patients re p orted frequent or very frequent second-
arily generalized seizures significantly more often
than Group A patients (p<0.05).

When only the partial symptoms of seizures were
analyzed, those symptoms suggestive of temporal
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lobe seizures were re p o rted more frequently by the
Group B patients and Group C patients, while rolandic
seizure symptomatology was more frequently des-
cribed by Group A patients (p=0.0001, Table 3). No
difference was found when the location of EEG foci
were compared between Group B and Group C. Most
of the electroencephalographic abnormalities occurr-
ed over the temporal lobe in both groups (Table 4).

Average number of calcifications was higher for
the Group A (mean=12.1) than for the Group B (mean
=9.8). Figures 1 and 2 respectively show all the in-
tracranial calcifications for the Group A and Group
B patients transposed from their original CT-scan ima-
ges to sketches of the brain, with one set of sketches
for each group. There was no difference between
the two groups in terms of the number of cases in
which isolated, sparse or diffuse calcifications were
found. With regard to severity of epilepsy, when con-
trolled and mild epilepsy were compared against mo-
derate and severe epilepsy within the three groups,
G roup B patients presented a significantly more se-
vere epilepsy than Group A patients (p<0.005). When
controlled, mild and moderate epilepsy were com-
pared to severe epilepsy, the difference between the
Group A and the Group B increased, and in the Group
C, epilepsy was found to be significantly more severe
than in the Group A (p=0.0001 and 0.005, respective-
ly). No difference was found between severity of epi-
lepsy in Group B and Group C patients.

The data regarding severity of epilepsy can be
appreciated in Table 5. When the number of calcifi-
cations was plotted against severity of epilepsy tak-
ing Group A and Group B together, there was an in-
verse relationship between the number of calcifica-
tions and severity of epilepsy. Figures 3 and 4 show
examples of disparities between the number of cal-
cifications and severity of epilepsy.

DISCUSSION

Neurocysticerosis is the main cause of adult-onset
seizures in the developing world'®2?3. Calcified cys-
ticerci have been reported as the most common find-
ing in tomograms of epileptic patients in Brazil, prob-
ably because Brazil includes a number of underde-
veloped areas'%.

Nonetheless, an association between the number
of lesions that became calcified and the persistence
of seizures has been described®”’. In these studies,
however, follow-ups were carried out after therapy
for cysticercosis, and the use of steroids during cysti-
cidal therapy might have changed the natural histo-
ry of the disorder.

F rom anecdotal reports, collected series, and pre-
vious observations in patients with seizures, perile-
sional edema related to calcifications appears to be
relatively frequent, ranging from 23% to about 35%
in patients with calcified neuocysticermsis and a his-
toryof seizures?®. When present, these areas of per-
ilesional seizure - related transient edema are thought
to represent the epileptogenic zone. Indeed, seizures
may be a late manifestation of neurocysticercosis even
after adequate treatment, because cicatricial tissue
remains as a permanent sequela?>2¢. Two retrospec-
tive studies published in 1992 found striking diff e-
rences in the evolution of seizures in favor of anti-
parasitic treatment®?’, but in 1995 a controlled trial
showed no diff e rences among patients treated with
albendazole, praziquantel or caticosterdds alone®.
In Brazil, however, the majority of patients diagnosed
as having round intracranial calcifications on CT-scan
images and epilepsy had never been submitted to
therapy with praziquantel or albendazol>*?°. In these
patients, cysticerci usually degenerated spontaneous-
ly. We could not find a direct relationship between
the number of calcifications and the severity of epi-
lepsy in our patients, but the inverse relationship bet-
ween the number of calcifications and more severe
epilepsy, although significant, might have been bias-
ed by Group B patients, who also had active interic-
tal foci. Studies suggest a lack of a relationship
between the burden of the neurocysticerotic lesions
and the severity of the epilepsy. Some patients with
severerefractoryepilepsy have only one calcified le-
sion; by contrast, other patients have many cysts or
calcifications but no epilepsy. Local inflammation and
immunity studies in the brain point to significant dif-
ferences in both disorders in the different areas of
the brain, thus adding other sources of local varia-
tion in the host-parasite relationship?. Because of
the high prevalence of epilepsy and neurocysticerco-
sis in less developed countries, there could be a causal
as well as fortuitous relationship between the two
disorders3°31,

The presence of interictal epileptiform activity on
EEG tracings was associated with a more severe epi-
lepsy, since there was no diff e rence between Group
B and Group C in terms of severity of epilepsy, but in
both groups epilepsy was more severe than in the
Group A. In some studies, active interictal epilepti-
form activity has been found to be associated with
a worse prognosis®?, and in others this was true for
abnormalitiesre corded over the frontal and tempo-
ral lobes33. Previous studies of epilepsy and neuro-
cysticermsis have not shown a relationship between
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interictal EEG abnormalities and severity or progno-
sis of epilepsy associated with neuocysticercosis, but
most of them included both patients with acute
symptomatic seizures and those with unprovoked
seizures due to remote symptomatic epilepsy. Al-
though our study was not designed to evaluate prog-
nosis, its results suggest that careful EEG investiga-
tion should be performed in these patients, since in-
terictal abnormalities over the temporal lobes may
have prognostic significance.

Interpreting the pathophysiology of epilepsy asso-
ciated with intracranial calcifications as secondary to
incresed firing of the neurons around the lesion is
an oversimplification. This becomes evident in cases
presenting a mismatch between the location of the
calcifications and the EEG foci or the seizure symp-
toms. Indeed, Benabis and Luders stated that the syn-
d romic approach to epilepsy had been underuse d3-.
Another study noted that 18% of patients studied
presented complex partial seizures, and reported that
EEG abnormalities were associated with simple and
complex partial seizures®®. In most of the studies,
however, little attention was paid to a syndromic
approach. Bittencourt et al analyzed 24 patients with
epilepsy and neuro cystice rcosisand compared them
with 17 patients with temporal lobe epilepsy alone.
They concluded that there was no significant differ-
ence in the rates of co-localization of the presump-
tive epileptogenic foci between the patients with
temporal lobe epilepsy and those with neurocysticer
cosis3e.

The coexistence of hippocampal atrophy and ex-
trahippocampal pathologic abnormalities isreferred
to in the literature as “dual pathology” and has been
reported in 5 to 30% of patients with medically re-
fractorypartial seizures’38. More recently, the asso-
ciation between neurocysticercosis and mesial tempo-
ral lobe epilepsy has been reported in anecdotal form
in the literature®*%, but in a larger series the neuro-
pathologic findings indicated that patients with hip-
pocampal sclerosis and calcified cysticercosis have a
pattern of hippocampal cell loss and an amount of
fascia dentate mossy fiber reorganization indistin-
guishable from classic cases of hippocampal sclerosis*'.

Some new perspectives on the subject have al-
ready been investigated in Brazil. In a brief commu-
nication, Martinez et al. re ported 11 cases of epilep-
sy surgery on patients with intracranial calcifications,
with mesial temporal sclerosis being described in
some*2. More recently, Jorge et al. compared the clin-
ical presentation and surgical outcome of patients

with mesial temporal sclerosis with and without asso-
ciated intracranial calcifications, and found no signi-
ficant differences between the two groups. These
finding were confirmed by Leite et al. who also dis-
covered that the pathologic findings at the hippo-
campus were similar for the two groups, and conclud-
ed that the presence of calcified lesions did not influ-
ence the profile of patients with hippocampal atro-
phy, and that these patients responded to temporal
lobectomy as well as the patients without intracra-
nial calcifications*. The aforementioned works sup-
port the view that we should not be bound to the
old concepts of calcification=epileptogenic lesion
and/or focus, but rather search for other markers of
severity in refractorycases of epilepsy and intracra-
nial calcifications, such as the syndromic presenta
tion, the interictal EEG findings and MRI imaging. Fi-
nally, we would like to emphasize a view that is now
acceptable, namely that the presence of intracranial
calcifications on CT-scan images of the brain should
not be a criterion for excluding patients from epilep-
sy surgery protocols.
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