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Focal cortical dysplasiais more common in boys than girls
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Abstract

Genetics and environment likely contribute to the development of medically intractable epilepsy,
however, in most patients the specific combination of etiologies remains unknown. Here we
undertook a multicenter retrospective cohort study of sex distribution in pediatric patients
undergoing epilepsy surgery, and carried out a secondary analysis of the same population
subdivided by histopathologic diagnosis. In the multicenter cohort of intractable epilepsy patients
undergoing surgery regardless of etiology (n=206), 63% were boys, which is significantly more
boys than expected for the general population (Fisher exact two-tailed p=0.017). Subgroup
analysis found that of the 90 patients with a histopathologic diagnosis of focal cortical dysplasia,
72% were boys, giving an odds ratio (OR) of 2.5 (95% ClI, 1.34 to 4.62) for male sex. None of the
other etiologies had a male sex predominance. Future studies could examine the biological
relevance and potential genetic and pathophysiological mechanisms of this observation.
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Introduction

Epilepsy is a common disorder affecting >1% of the population (ILAE Commission Report,
1997). Up to 30% of patients are refractory to medications and some of these patients will
benefit from a surgical resection. Epilepsy surgical case series have often but not always
identified a male predominance. Chung and colleagues reported that 85 of 128 (66%)
patients undergoing epilepsy surgery for focal cortical dysplasia (FCD) were male (1). A
multicenter study including 49 children with mesial temporal sclerosis (MTS) undergoing
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temporal lobectomy reported that 57% were male (2). Another pediatric cohort from Utah
(3) undergoing surgery for intractable epilepsy of mixed location and pathology reported
59% boys. In contrast, a report from pediatric patients in Toronto (4), where 126 patients
underwent temporal lobectomy for intractable epilepsy due to multiple etiologies, had a
more balanced distribution of 52% boys and 48% girls. If there is a male bias in pediatric
epilepsy surgery cases, it may be indicative of a genetic predisposition in the underlying
etiology of the epilepsy. Alternatively there might be a societal bias on the families’ or
doctors’ part to preferentially pursue epilepsy surgery in males.

We sought to determine whether more boys than girls underwent epilepsy surgery at four
pediatric epilepsy surgery centers in the United States. We next looked at whether the sex
distribution varied by histological diagnosis. Finally, we surveyed MRI-based diagnosis of
FCD to determine if there was a male predominance independent of surgical management.

Multicenter retrospective cohort study of pediatric epilepsy surgery patients

De-identified data from each center [Children’s Hospital Boston (CHB), Children’s Hospital
of Philadelphia (CHOP), Doernbecher Children’s Hospital at Oregon Health and Science
University (OHSU), and University of California at San Francisco (UCSF)] were gathered
including age, sex, and neuropathological diagnosis of children undergoing epilepsy surgery.
Data were available for the following time periods: CHB 1993-2005, CHOP 2001-2009,
UCSF 2007-2009, and OHSU 2001-2009. Data were pooled to analyze the sex distribution
of patients according to underlying etiology. Sex distribution analysis was based on the
“Age and Sex Composition 2010” report from the US Census bureau, which reported sex
distribution in the general population under the age of 19 years as 51% male and 49%
female (http://www.census.gov/prod/cen2010/briefs/c2010br-03.pdf).

MRI Database Search

In order to examine if sex distribution in FCD was present in a non-surgical cohort, we
performed a search of the CHOP radiology database. All brain MRI reports spanning from
January 2000 to May 2011 were searched for the following key words: “dysplasia,”
“malformation of cortical development,” “focal cortical dysplasia,” “cortical dysgenesis,”
and “dysplastic.” Over 70,000 brain MRI studies were performed at CHOP during this time
period, corresponding to 41,780 patients. The duplicate patients and confounding diagnoses
[e.g., neurofibromatosis type 1 (NF1) with dysplastic changes] that were felt not to be FCD
based on the MRI report were eliminated. The study was conducted in accordance with
regulations of the Institutional Review Board at CHOP.

Data Analysis

Results

Statistical comparisons were carried out using InStat software (Graphpad Software, La Jolla
CA).

More boys undergo pediatric epilepsy surgery

There was a wide range of male predominance across centers, with the lowest percentage of
boys being 52% boys at CHB and the highest 75% at UCSF (Table 1). Analysis of our
pediatric multi-center cohort (n=206) found more males (130 or 63%) underwent epilepsy
surgery than females as compared to the general population (Table 2, Fisher exact two-tailed
p=0.017)
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Focal Cortical Dysplasia is significantly more common in boys

Subgroup analysis to determine sex distribution based on etiology of the intractable epilepsy
revealed that the FCD group (n=90, 44% of the cohort) was the only subgroup showing
statistically significant difference in sex distribution over expected frequencies (with 65/90,
Fisher exact two-tailed p=0.006). In comparison, all other etiologies were not found to be
significantly different between boys and girls. This included tumors (15/23, p =0.55),
tuberous sclerosis (14/31, p=0.80), or “other” (36/62, p =0.59) (Table 3). The “other” group
included hypoxic-ischemic injury, infections, and vascular abnormalities. Therefore, FCD
appears to be the primary cause for the preponderance of boys in our epilepsy surgery
cohort.

The prevalence and sex distribution of FCD in a pediatric MRI based cohort

There were a total of 41,780 patients that underwent brain MRI imaging for any cause at
CHOP over the time period January 2000 to May 2011. Searching the CHOP brain MRI
PACS database for keywords “dysplasia,” “malformation of cortical development,” “focal
cortical dysplasia,” “cortical dysgenesis,” and “dysplastic” resulted in 3093 studies
identified, corresponding to 1724 patients. These reports were reviewed to eliminate false
positives (NF1, tumors with dysplastic changes associated with lesion) and identify patients
with possible FCD (n=444) per the impression of the neuroradiologist. The sex distribution
within the radiologically diagnosed possible FCD category showed a statistically significant
(Fisher exact two-tailed, p=0.02) male predominance with 59% boys (n=262) and 41% girls
(n=182) relative to the distribution of the general population. However, the sex distribution
of all patients undergoing brain MRI had a male predominance of 55% boys (22,784) and
45% girls (18,996). Because of this male predominance to MRIs performed, there was no
statistical difference in the sex distribution of the radiologic possible FCD category
compared to the population of patients undergoing brain MRI. Using this large radiology
cohort of all patients undergoing brain MRI at our institution, we determined the prevalence
of possible focal cortical dysplasia, amongst 41,780 patients undergoing MRI at CHOP over
the 10 years, to be 1.1%.

Discussion

We have found a preponderance of males in the group of patients with FCD diagnosed both
by histopathology and MRI as compared to the population of the United States, less than 19
years of age. In our multi-center cohort, FCD was more common in males (73%), as
diagnosed by histopathology, following resective surgery for medically refractory epilepsy.
The incidence of MRI diagnosis of FCD was 59% male in a single site pool of ~40,000
patients undergoing brain MRIs. FCD was the most common histopathologic diagnosis in
our epilepsy surgery population and was mentioned as a possible diagnosis in 1.1% of
children undergoing brain MRI studies for any cause.

In pediatric epilepsy incidence studies, sex distribution varies with etiology, generalized
seizures had an equivalent sex distribution or female predominance, in contrast, focal
seizures were more commonly diagnosed in males (5, 6). The studies did not parse the
etiology of the focal epilepsy but it could be consistent with an increased incidence of FCD.
In most patients, the specific molecular etiology of FCD is not identifiable, with only rare
cases having a strong genetic basis (7). In a subset of patients with FCD there is a history
and histological evidence of prenatal and perinatal brain injury (8-12). The connection
might partially explain a male sex bias as boys are more likely to display cerebral palsy than
girls, suggesting an increased susceptibility to brain injury in males and subsequent FCD
(13, 14).
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A variety of morphologic, molecular marker expression changes and electrophysiological
abnormalities have been identified in FCD that suggest aberrant neuronal development (15—
17). These include cells that co-express glial and neuronal phenotypic markers as well as
immature neuronal markers. There also is a connection between over activation of the
mTOR pathway and FCD, though none of the known genes associated with mTOR pathway
disorders [e.g., tuberous sclerosis 1 (TSC1), tuberous sclerosis 2 (TSC2), phosphatase and
tensin homolog (PTEN)] are X-linked (18, 19).

Even with our expanding knowledge about FCD, there remains a lack of fundamental
understanding as to the etiology. Our finding that FCD appears to be more common in males
suggests, but does not prove, that an X-linked risk factor is plausible in some patients. There
are a few brain malformations known to be X-linked, such as periventricular heterotopias
(filamin A, FLNA), lissencephaly (doublecortin, DCX), X-linked lissencephaly with
abnormal genitalia (Aristaless-Related Homeobox, X-linked, ARX) and X-linked perisylvian
polymicrogyria.(20). In addition, there is ample literature on the X-linked intellectual
disabilities and the over 92 genes that have been associated with poor cognitive development
in males (21, 22). Overall, our findings bring forth the question of whether X-linked or
epigenetic factors preferentially affecting males play a role in the pathophysiology of focal
cortical dysplasia.

FCD has historically been divided into two distinct types, type | or Il based on the presence
or absence of large dysmorphic neurons (23). Recently the pathology grading system was
changed to include dual pathology of FCD and mesial temporal sclerosis or tumor classified
as type 11 (24). While we had hoped to be able to further subdivide our histopathologic
diagnosis of FCD, this was not possible based on pathology reports alone. Due to multiple
reports suggesting suboptimal, poorly oriented tissue as well as preceding regular use of the
FCD classification system, we grouped all our patients into FCD not otherwise specified. In
the future studies to assess a distinct relationship between specific types of FCD I, 11 A or B,
and sex would be warranted.

Similar to the male bias on histopathologic diagnosis of FCD, we also found a predominance
of males with suspected FCD by MRI report. However, if we took into account that more
males underwent brain MRIs in our cohort during the 10-year collection period, the male
predominance was no longer significant. Retrospective analysis of clinical MRI reports is
not optimal for identification of FCD and future studies with prospective review of MRIs for
FCD would be warranted. A prior study of 109 children with malformations of cortical
development (MCD) found on MRI had 58 males and 51 females (25), though these authors
were not attempting to look at sex differences in their cohort. This cohort included all forms
of MCD but similar to ours was not limited to patients with epilepsy. The combination of the
increased number of males with a suspected diagnosis of FCD in the MRI database relative
to the general population and the male predominance only in FCD within the epilepsy
surgical patients suggests that there is not a strong societal or medical bias for males to
undergo epilepsy surgery. Therefore, our findings support the hypothesis that X-linked or
male-predominant epigenetic factors are involved in the ontogeny of focal cortical dysplasia.
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Table 1

Sex distribution of pediatric epilepsy surgery patients per center

Center | Boys | Girls | % Boys
BCH 44 40 52%
CHOP 37 14 2%
OHSU 25 14 64%
UCSF 24 8 75%
TOTAL 130 76 63%

BCH: Boston Children’s Hospital,

CHOP: Children’s Hospital of Philadelphia

OHSU: Oregon Health and Science University

UCSF: University of California at San Francisco
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Table 2

Sex distribution in multicenter pediatric epilepsy surgery cohort

Observed Expected
Boys | 130 (63%)" | 105 (51%")
Girls | 76 (37%) 101 (49%")
Total | 206 206

2010 census data for US, less than 19 years of age.

*%

Fisher exact test two-tailed p value= 0.017
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