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Bilateral Perisylvian Syndrome (BPS) often presents with epilepsy and significant
behavioral impairments that can include mental retardation, dysarthria, delayed speech
development, and delayed fine motor development (Graff-Radford et al., 1986; Kuzniecky
et al., 1993). While a small subset of BPS cases have been described as having relatively
isolated language delays (Leventer et al., 2010), BPS is not expected in children with
dyslexia. As part of a Medical University of South Carolina IRB approved multi-site study
involving retrospective and de-identified dyslexia data, we unexpectedly identified a 14.05
year old male with evidence of BPS whose father had been diagnosed with dyslexia and
dysgraphia. This child had been recruited for a neuroimaging study on dyslexia from a
school specializing in educating children with dyslexia. The T1-weighted MRI scan from
this child demonstrated a highly unusual perisylvian sulcal/gyral patterning that is a defining
feature of BPS (Figure 1). BPS cases exhibit bilateral dysgenesis of the Sylvian fissure and
surrounding gyri, which appears to occur because of a limited or absent arcuate fasciculus
(Kilinc et al., 2015). This BPS case also had a relatively enlarged atrium of the lateral
ventricle that is consistent with the BPS anatomical presentation and reduction of parietal
white matter (Graff-Radford et al., 1986; Kilinc et al., 2015; Toldo et al, 2011).

An automated analysis of SPM8 segmented T1-weighted MRI scans was used to determine
the degree to which the BPS native space white matter image (rigidly aligned and non-
normalized) exhibited gross morphological dis-similarity to white matter images from age
and gender matched cases. This image covariance approach provided an average similarity
measure for the BPS case and images from 10 control and 19 reading disabled cases across 7
research sites who were selected from 172 males enrolled in reading disability studies, had
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T1-weighted images, and were within a 2 year age range of the BPS case (13.27-15.05
years). Image similarity was calculated using the VBM8 Toolbox homogeneity of image
variance function that provides covariance estimates across spatially corresponding voxels
for each pair of images. An average estimate was calculated for each case to obtain a single
similarity estimate for each image relative to the rest of the sample. The BPS case had a
white matter similarity estimate that was more than 2 standard deviations below the mean of
the control and reading disability groups, but exhibited a total white matter volume estimate
that was within the normal range of control and reading disability cases (Figure 2).

The BPS case did not exhibit evidence of general cognitive problems, but instead exhibited a
behavioral profile that is consistent with a dyslexia diagnosis. He demonstrated relatively
average general cognitive function compared to below average phonological processing
skills (Figure 1). His Matrix Reasoning, Peabody Picture VVocabulary Test Receptive
Vocabulary knowledge, and Rapid Automatic Naming for letters, numbers, and colors were
in the normal range. However, he demonstrated below average Woodcock-Johnson
measures of pseudo-word and real word decoding, reading comprehension, spelling, writing
fluency, and Comprehensive Test of Phonological Processing memory for digits.
Particularly low fluency summary scores from the Gray Oral Reading Tests and Test of
Word Reading Efficiency indicated a significant deficit in rapid access to lexical
information compared to sub-lexical information given his relatively normal Rapid
Automatic Naming of Letter scores. In summary, an incidental BPS finding with
characteristic Sylvian fissure dysgenesis had a behavioral profile that was consistent with
dyslexia.

Variable expression of gene(s) in Xq27.3, where an X-linked pattern of BPS inheritance has
been identified (Santos et al., 2008) and where a marker for dyslexia has also been identified
(de Kovel et al., 2004; Huc-Chabrolle et al., 2013), appear to contribute to the expression of
a dyslexia behavioral profile. Like other genetic markers for dyslexia, however (Raskind et
al., 2012), DY X9 linkage to dyslexia has been inconsistent (Fisher et al., 2013). Inadvertant
inclusion of neurogenetic disorders with mild symptoms may contribute to inconsistent
dyslexia findings. The use of an image similarity metric, which effectively identified the
BPS case from control and reading disability cases compared to a total white matter volume
measure, could identify cases with highly unusual brain morphology in large imaging-
genetics consortium studies where investigator inspection of images may miss unusual
cases. Such an approach might uncover additional cases with BPS who have a dyslexia
diagnosis, but have not been identified because of their relatively mild symptoms.

Relatively mild BPS symptoms are consistent with the absence of epilepsy (Yasuda et al.,
2014) and perhaps relatively normal total white matter volume (Figure 2) despite likely
dysgenesis of the arcuate fasciculus (Kilinc et al., 2015). Variable expressivity of
characteristic BPS phenotypes is consistent with recent evidence that mosaic mutations of
the PIK3R2 gene can occur in patients with bilateral polymicrogria and normal head size
(Mirzaa et al., 2015). Whether due to PIK3R2 mosaicism or other genetic and perinatal
events (Stutterd & Leventer, 2014), variable expression of the BPS clinical profile appears
to include mild impairments that can present as a reading disability.
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Highlights

An unexpected case of Bilateral Perisylvian Syndrome (BPS) with dyslexia was
identified.

The BPS case had Sylvian fissure dysgenesis, but not typical BPS cognitive and
gross motor deficits.

An automated white matter image similarity metric distinguished the BPS case from
controls.

Mild BPS can be expressed as dyslexia or reading disability.
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BPS Case Reading and Cognitive Profile
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Figure 1.
T1-weighted image sections from a 14.05 year old male with evidence of BPS. Left: Note

the atypical formation of the Sylvian fissure (arrows) that merges with the intraparietal
sulcus and surrounding polymicrogyria. Right: Standardized scores for cognitive
assessments that were available for the BPS case. Performance in the normal range was
observed for Wechsler Matrix Reasoning, Peabody Picture Vocabulary Test Receptive
Vocabulary knowledge, and Rapid Automatic Naming for letters, numbers, and colors.
Below average performance was observed for Woodcock-Johnson measures of pseudo-word
and real word decoding, reading comprehension, spelling, writing fluency, and
Comprehensive Test of Phonological Processing memory for digits. Particularly low Gray
Oral Reading Tests and Test of Word Reading Efficiency fluency summary scores indicated
a significant deficit in rapid access to lexical information compared to sub-lexical
information given his relatively normal RAN Letter scores. Comprehensive Test of
Phonological Processing (CTOPP); Gray Oral Reading Tests (GORT); Peabody Picture
Vocabulary Test (PPVT3); Rapid Automatized Naming (RAN); Test of Word Reading
Efficiency (TOWRE); Woodcock-Johnson (WJ)
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Left: The BPS case had a white matter image similarity estimate (scaled score that was
adjusted for potential effects of scanner differences across the 7 sites) that was more than 2
standard deviations below the mean of 10 male control cases and 19 male reading disability
cases who were selected to be aged matched to the BPS case. Gray matter image similarity
did not characterize the BPS case as an outlier despite the atypical Sylvian fissure patterning
and cortical dysplasia that is consistent with polymicrogyria. Right: The BPS case was not
an outlier when examining total white matter volume that was estimated from the summed
voxel probabilities from native space white matter images that were segmented with default
segmentation parameters using SPM8.
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