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Abstract
We aimed to assess associations between clinical, imaging, pathological and genetic features and
frontal lobe asymmetry in behavioral variant frontotemporal dementia (bvFTD). Volumes of the
left and right dorsolateral, medial and orbital frontal lobes were measured in 80 bvFTD subjects
and subjects were classified into three groups according to the degree of asymmetry (asymmetric
left, asymmetric right, symmetric) using cluster analysis. The majority of subjects were symmetric
(65%), with 20% asymmetric left and 15% asymmetric right. There were no clinical differences
across groups, although there was a trend for greater behavioral dyscontrol in right asymmetric
compared to left asymmetric subjects. More widespread atrophy involving the parietal lobe was
observed in the symmetric group. Genetic features differed across groups with symmetric frontal
lobes associated with C9ORF72 and tau mutations, while asymmetric frontal lobes were
associated with progranulin mutations. These findings therefore suggest that neuroanatomical
patterns of frontal lobe atrophy in bvFTD are influenced by specific gene mutations.
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1. Introduction
Behavioral variant frontotemporal dementia (bvFTD) is a progressive neurodegenerative
disorder characterized by behavioral and personality change (Neary et al., 1998). It is often
associated with atrophy of the frontal lobes, although neuroanatomical subtypes have been
identified with differing patterns of frontal, temporal, and parietal involvement (Whitwell et
al., 2009). Frontal atrophy is generally regarded as being symmetric, or right-side
predominant (Boccardi et al., 2002), yet a systematic assessment of asymmetry in bvFTD is
lacking. The aims of this study therefore were to determine whether clinical,
neuroanatomical, pathological and genetic features differ between 1) subjects with
asymmetric left versus asymmetric right frontal lobe atrophy, and 2) subjects with
asymmetric frontal lobe atrophy (right or left) versus those with symmetric frontal lobe
atrophy.

2. Methods
We identified 97 subjects from the Mayo Clinic Alzheimer’s Disease Research Center
(ADRC) with a clinical diagnosis of bvFTD (Neary et al., 1998) and MRI. These subjects
were age and gender-matched to 30 healthy controls (mean ± standard deviation age at
MRI=61.2±12.3 years, 63% female; compared to 60.6±11.8 years, 56% female in bvFTD
cohort).

All subjects had a T1-weighted volumetric MRI performed with a standardized protocol
(Whitwell et al., 2009). All images underwent correction for gradient non linearity and
intensity non-uniformity. The first MRI after presentation was used in all cases. An atlas-
based parcellation technique was employed using SPM5 and the automated anatomic
labeling atlas in order to generate grey matter volumes for left and right medial frontal,
dorsolateral frontal and orbitofrontal lobe (Whitwell et al., 2009). Z scores were calculated
using total intracranial volume-corrected frontal lobe volumes for each bvFTD subject
compared to controls. In order to ensure that all bvFTD subjects had atrophy of the frontal
lobes, all cases with Z scores less than -1 (n=17) were excluded from the study. For the
remaining 80 cases, hierarchical cluster analysis using average linkage method was
performed using three variables of interest (difference between the left and right Z scores for
medial frontal, dorsolateral frontal and orbitofrontal lobes) to classify subjects in an
unbiased manner into groups according to the degree of frontal lobe asymmetry. Voxel-
based morphometry (VBM) (Ashburner and Friston, 2000) using SPM5 was utilized to
assess patterns of grey matter atrophy across clusters, using standard processing (Whitwell
et al., 2009).

All subjects with a positive family history that had available DNA were screened for
mutations in the microtubule-associated protein tau (MAPT) and progranulin (GRN) gene
(Gass et al., 2006; Hutton et al., 1998). In addition, subjects were screened for the GGGGCC
hexanucleotide repeat in C9ORF72 (Dejesus-Hernandez et al., 2011; Renton et al., 2011).
Neuropathological examinations were performed according to standard protocol. All cases
were reclassified based on recent consensus recommendations (Mackenzie et al., 2009).

3. Results
The cluster analysis divided the cohort into three groups: 20% were classified by greater
frontal atrophy in the left hemisphere (asymmetric left), 15% by greater frontal atrophy in
the right hemisphere (asymmetric right), and 65% by symmetric atrophy (Supplemental
Table). VBM patterns of frontal atrophy matched the cluster classifications (Figure).
However, the proportion of anatomical subtypes differed between asymmetric (asymmetric
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right and left groups combined) and symmetric bvFTD (p=0.001) (Table). The
temporofrontoparietal subtype was most common in symmetric bvFTD, whereas
frontotemporal and frontal dominant subtypes were most common in asymmetric bvFTD.

No demographic, clinical or pathological differences were observed across groups (Table).
There was a trend for higher NPI-Q scores in asymmetric right compared to asymmetric left
bvFTD (p=0.07). There were striking differences across groups in genetic associations. The
majority of subjects with C9ORF72 mutations (10/11, 91%) and MAPT mutations (10/16,
63%) had symmetric frontal atrophy, while the majority of subjects with GRN mutations
had asymmetric frontal atrophy (5/6, 83%). Of those MAPT and GRN subjects that were
asymmetric, a right-sided pattern was more common in GRN while a left-sided pattern was
more common in MAPT.

4. Discussion
This study assessed frontal lobe asymmetry in bvFTD subjects and found that the majority
showed symmetric frontal lobe volumes. There were significant associations between
genetic phenotypes and patterns of atrophy beyond the frontal lobes across asymmetric left,
asymmetric right, and symmetric groups.

The finding that the majority of MAPT and C9ORF72 subjects had symmetric frontal
atrophy, while the majority of GRN subjects had asymmetric atrophy, concurs with a recent
study that has similarly observed symmetric patterns of atrophy in MAPT and C9ORF72,
and more asymmetric patterns in GRN (Whitwell et al., 2012). It is unclear however why
asymmetry is particularly associated with GRN mutations. Interestingly, whenever MAPT
subjects were asymmetric they were most likely to be associated with left-sided asymmetry,
while GRN was associated with right-sided asymmetry. These results suggest that specific
gene mutations may target one hemisphere over the other. It is important to recognize
however that this study only assessed subjects with bvFTD; clinical syndromes such as
aphasia which target the left hemisphere have also been associated with GRN mutations
(Pickering-Brown et al., 2008).

The proportion of different anatomical subtypes (Whitwell et al., 2009) also significantly
differed across asymmetric and symmetric bvFTD, with symmetric subjects more likely to
have the temporofrontoparietal subtype, and asymmetric subjects more likely to have
frontotemporal or frontal dominant subtypes. This was also evident in the VBM findings
which showed more parietal atrophy in symmetric bvFTD. There was no difference across
groups in time from onset to MRI, and the symmetric subjects with the
temporofrontoparietal subtype did not have a longer time from onset to MRI than symmetric
subjects with the other anatomical subtypes; hence the greater extent of non-frontal atrophy
in the symmetric subjects was not due to longer disease duration. Similarly, disease severity
was no different across groups. Given the presence of parietal lobe involvement in
symmetric bvFTD, one could postulate that the underlying pathology is Alzheimer’s disease
or symmetric corticobasal degeneration (Hassan et al., 2010) in some subjects.

It was surprising that demographic and clinical measures did not differ between groups. This
suggests that asymmetry does not greatly influence these features. There was a trend for
greater behavioral severity in asymmetric right compared to asymmetric left bvFTD,
suggesting an association between behavioral change and the right hemisphere. In fact,
behavioral dyscontrol has been linked to right frontal (Rosen et al., 2005) and temporal
(Thompson et al., 2003) atrophy.
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The findings from this study better our understanding of the anatomical, clinical and genetic
heterogeneity of bvFTD and demonstrate that C9ORF72 is associated with symmetric
atrophy.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure.
Voxel-based morphometry patterns of grey matter loss in asymmetric left, asymmetric right
and symmetric bvFTD vs. controls (family wise error corrected, p<0.05).
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