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Abstract

We aimed to assess associations between clinical, imaging, pathologic, 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 3 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
with 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.
© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Behavioral variant frontotemporal dementia (bvFTD) is a pro-
gressive neurodegenerative disorder characterized by behavioral
and personality change (Neary et al., 1998). It is often associated
with atrophy of the frontal lobes, although neuroanatomical sub-
types have been identified with differing patterns of frontal, tem-
poral, 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 there-
fore were to determine whether clinical, neuroanatomic, patho-
logic, and genetic features differ between (1) subjects with asym-
metric 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 Alzhei-
mer’s Disease Research Center (ADRC) with a clinical
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diagnosis of bvFTD (Neary et al., 1998) and magnetic
resonance imaging (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 with 60.6 � 11.8 years; 56% female in bvFTD
cohort).

All subjects had a T1-weighted volumetric MRI per-
formed with a standardized protocol (Whitwell et al., 2009).
All images underwent correction for gradient nonlinearity
and intensity nonuniformity. The first MRI after presenta-
tion was used in all cases. An atlas-based parcellation tech-
nique was employed using SPM5 (http://www.fil.ion.u-
cl.ac.uk/SPM) and the automated anatomic labeling atlas in
order to generate gray 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 with 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 per-
formed using 3 variables of interest (difference between the
left and right Z scores for medial frontal, dorsolateral fron-
tal, and orbitofrontal lobes) to classify subjects in an unbi-
ased manner into groups according to the degree of frontal
lobe asymmetry. Voxel-based morphometry (VBM) (Ash-
burner and Friston, 2000) using SPM5 was utilized to assess
patterns of gray matter atrophy across clusters, using stan-
dard processing (Whitwell et al., 2009).

All subjects with a positive family history that had avail-
able 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). Neuropathologic examinations were performed ac-
cording 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 3 groups:
20% were classified by greater frontal atrophy in the left
hemisphere (asymmetric left), 15% by greater frontal atro-
phy in the right hemisphere (asymmetric right), and 65% by
symmetric atrophy (Supplementary Table 1). VBM patterns
of frontal atrophy matched the cluster classifications (Fig.
1). However, the proportion of anatomical subtypes differed
between asymmetric (asymmetric right and left groups com-
bined) and symmetric bvFTD (p � 0.001) (Table 1). The
temporofrontoparietal subtype was most common in sym-
metric bvFTD, whereas frontotemporal and frontal domi-
nant subtypes were most common in asymmetric bvFTD.

No demographic, clinical, or pathological differences
were observed across groups (Table 1). There was a trend
for higher scores on the brief questionnaire version of the
Neuropsychiatric Inventory in asymmetric right compared
with asymmetric left bvFTD (p � 0.07). There were striking
differences across groups in genetic associations. The ma-
jority 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 pat-

Fig. 1. Voxel-based morphometry patterns of gray matter loss in asymmetric left (left-sided), asymmetric right (right-sided) and symmetric behavioral variant
frontotemporal dementia (bvFTD) versus controls (family-wise error corrected, p � 0.05).
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