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Abstract

Background. Growing evidence suggests a right-less-than-left asymmetry
in pathological process during the course of Alzheimer disease (AD)
between brain hemispheres. The purpose of this study was to investigate
the left versus right volumes of the lateral ventricles, an aggregate measure
of brain matter loss, in older adults with normal cognition, mild cognitive
impairment (MCI; i.e., prodromal AD) and AD.

Methods. We studied 96 community-dwelling older participants (mean,
72.3+6.2years; 55.2% women) followed in the Memory Clinic of Angers
University Hospital, France, as part of the GAIT study. Patients had their
lateral ventricles volume quantified using semi-automated software from
three-dimensional T1-weighted MRI.

Results. We found a left-right asymmetric enlargement of the lateral
ventricles in participants with MCI and AD, but not in cognitively healthy
individuals. This asymmetry involved the main body volumes, but not the
temporal horns.

Conclusions. Our results add support to the assumption of an asymmetry
of pathology in AD. Asymmetrical atrophy may serve as a potential
biomarker of AD useful to discriminate between cognitively healthy
individuals and those with AD.

Keywords: Alzheimer disease; Brain lateral ventricles; Magnetic
resonance imaging; Older adults; Volumetry

Introduction

Alzheimer disease (AD) is the most frequently diagnosed degenerative
dementia, affecting more than 26 million people worldwide [1]. Specific
neuropathological changes associated with the disease have been reported
in post-mortem studies, including intracellular tau-associated neurofibrillary
tangles and extracellular amyloid-p plaques [2]. These pathological insults
result in neuronal death and subsequent brain atrophy [3]. Generalized brain
atrophy occurs in normal older adults as well, but this age-related loss of
approximately 0.5-1% of brain volume per year after the age of 60 [4] is of
a lower magnitude compared to the 2-percent loss observed in patients with
AD every year [5]. Recent developments in neuroimaging research allow us
to measure with unprecedented accuracy from magnetic resonance imaging
(MRI) neuroanatomical morphological changes in the brain. This can be
achieved by performing either manual tracing or using semi-automated or
fully-automated volumetric software program that quantify the volume of the
whole brain or the subvolumes of different brain regions [6]. In particular,
bilateral medial temporal lobe atrophy has been reported in normal aging
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but also throughout the course of AD [2, 7-10]. The extent of
cortex volume loss develops gradually from the prodromal
stage of AD (i.e., mild cognitive impairment, MCI) [11] to
the more severe stages of AD [2, 12-14], and is predictive of
future cognitive and functional declines [12, 15]. Importantly,
growing evidence suggests that the pathology of MCI and AD
may not be symmetrical between brain hemispheres [12], with
subsequent risk of asymmetrical atrophy [7]. Specifically, a
left lateralisation of brain atrophy has been reported [5,7,11],
despite conflicting results [16, 17]. The potential relevance
of such asymmetrical atrophy in AD, if confirmed, would
be that it could serve as a potential biomarker of AD useful
to discriminate between healthy individuals and those with
AD [7]. A simple, fast and automatic mechanism to explore
brain matter volume is to measure the adjacent subvolumes
of the lateral cerebral ventricles for differential changes
[18-20]. Indeed, cerebrospinal fluid is under pressure and
any parenchymal loss results in passive ventricle fluid
expansion [21]. Modern software can segment ventricles
volumes into subvolumes, which provides further insight
into the volume of specific adjacent brain structures [19, 22,
23]. For instance, atrophy of medial temporal lobe leads to
temporal horn enlargement [24]. We hypothesized that there
could be a right-less-than-left asymmetry in lateral ventricle
volumes during the course of AD. The purpose of this study
was to investigate the left versus right volumes of the lateral
ventricles in cognitively healthy individuals (CHI) and
participants with MCI and AD. Our secondary objective was
to compare the subvolumes of the left and right main bodies
and temporal horns.

Materials and Methods
Participants

We studied 96 community-dwelling older participants
(mean age 72.1+6.4years; 54.3% women) followed in the
Memory Clinic of the University Hospital of Angers, France,
from November 2009 to June 2011. All patients presented
at the Clinic for a subjective memory complaint and were
recruited after having given their written informed consent
to the Gait and Alzheimer Interactions Tracking (GAIT)
study. The GAIT study is an observational cohort study
designed to examine gait in older adults with a subjective
memory complaint [25]. Subjective memory complaints
were documented using the Subjective Memory Complaints
Questionnaire [26] and exclusion criteria included: age
<60 years, Mini-Mental State Examination (MMSE) score
<10 [27], the inability to walk independently, a history of
stroke, a history of acute medical illness within the past 3
months, current delirium, severe depression and the inability
to understand or answer the study questionnaires. All study
participants received a thorough medical examination that
consisted of structured questionnaires, a standardized clinical
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examination and a cerebral MRI evaluation. The study
was conducted in accordance with the ethical standards set
forth in the Helsinki Declaration (1983) and the protocol
was approved by the University of Angers Ethical Review
Committee (CPP Ouest II - 2009-12).

Diagnoses of CHI, MCI and AD

The diagnoses of MCI and AD were made during
multidisciplinary ~ meetings  involving  geriatricians,
neurologists and neuropsychologists from the Memory
Clinic of Angers University Hospital, and were based on
neuropsychological testing, physical examination findings,
blood tests and MRI of the brain. Neuropsychological
assessment was performed during a face-to-face examination
carried out by a neuropsychologist. The following
standardized tests were used to probe several aspects of
cognitive function: MMSE [28], Frontal Assessment Battery
(FAB) [29], Alzheimer Disease Assessment Scale-cognitive
subscale (ADAS-cog) [30], Trail Making Test (TMT) parts A
and B [31], the French version of the Free and Cued Selective
Reminding Test [32] and the Instrumental Activities of Daily
Living scale (IADL) [33]. MCI was diagnosed according to
Winblad et al. consensus criteria [34]. Participants with all
categories of MCI were included in this study, i.e. amnesic and
non-amnesic, as well as single and multiple affected domains.
The diagnosis of AD followed the DSM-IV and NINCDS/
ADRDA criteria [35]. Participants who were neither MCI nor
AD and who had normal neuropsychological and functional
performance were considered to be CHI.

Lateral ventricles volumetry

Imaging of the brain was performed with a 1.5 Tesla MRI
scanner (Magnetom Avanto, Siemens Medical Solutions,
Erlangen, Germany) using a standardized MRI protocol
that included images acquired with an axial T1-weighted
magnetization prepared rapid gradient echo (MP-RAGE)
sequence, an axial fluid-attenuated inversion recovery
(FLAIR) sequence, an axial turbo spin-echo (TSE) sequence,
and a transverse T2" pulse sequence. Measurements of
lateral ventricles volume were made from the raw 3D
T1-weighted MP-RAGE images (acquisition matrix =
256x256x144, FOV= 240mm x 240mm x 187mm, TE/TR/
TI = 4.07ms/2170ms/1100ms). All volumetric analyses
were performed on a PC workstation running the Windows
XP 64-bit operating system, using a software suite called
Brain Ventricle Quantification (BVG; Merge Healthcare,
Mississauga, ON). BVQ is a semi-automated volumetric
analysis package designed to identify, segment and quantify
lateral ventricles volume and subvolumes using T1-weighted
MRI images of the brain. The algorithm behind BVQ has been
previously reported in literature [19, 20]. In summary, four
user-selected seed points were placed in each lateral ventricle
and a region-growing algorithm automatically expanded the
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seed points within the 3D space of the image to the margin
of the periventricular tissue. A volume was automatically
calculated from identified voxels. Lastly, the falx cerebri as
a landmark was automatically used to split the ventricle into
left and right hemispheres, and the posterior commissure was
used to separate the main ventricular bodies and the temporal
horns (Figure 1). A single researcher (CA), who was blinded
to age, sex and all clinical and biological information,
performed all volumetric analyses. The measurement of
whole ventricle volume is highly reproducible with intra-
and inter-operator correlation coefficients greater than 0.98
[19]. Normalization of volumes to other brain structures
and to whole brain volume was not performed as it has
previously been demonstrated that this normalization does
not significantly affect results [19, 36].
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Figure 1: Representative examples of 3D-rendered lateral and
inferior views of lateral cerebral ventricles in a cognitively healthy
individual, in a participant with Mild Cognitive Impairment (MCI)
and in a participant with Alzheimer disease (AD). The labelled
volumes are the left (L) and right (R) lateral ventricles (V), main
bodies (MB), and temporal horns (TH).

The RV and LV were significantly larger in MCI and AD compared
to CHI, and the L'V was larger than the RV in MCI and AD.
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Statistical Analysis

All statistical analyses were performed with SPSS
(v19.0, IBM Corporation, Chicago, IL). Means and standard
deviations (SD) were calculated for demographic data and
lateral ventricles volumes and subvolumes (i.e., main bodies
and temporal horns). An analysis of variance (ANOVA) was
performed on the 3 groups (i.e., CHI, MCI, AD) to compare
left and right lateral ventricles volumes and subvolumes. Ad-
hoc multiple comparisons were performed with a Bonferroni
adjustment for each subsequent analysis. Finally, paired
Student’s t-test was performed to compare left and right
lateral ventricles volume and left and right lateral temporal
horn volumes within each group.

Results

Among the 96 older adults included in this analysis
(mean age, 72.3£6.2 years; 55.2% women) the mean lateral
ventricle volume was 40.3 mL (range: 13.8 mL-154.6 mL).
Thirty-eight participants were CHI (mean age, 69.7+3.6
years; 60.5% women), 35 were diagnosed with MCI (mean
age, 69.7+£3.7 years; 45.7% women) and 23 with AD
(mean age, 80.6+5.3 years; 60.9% women). As illustrated
in Tables 1 and 2, a trend for larger lateral ventricles was
found between participants with AD compared to those with
MCI (51.5 mL versus 38.6 mL on average; P= 0.056). The
total volume of lateral ventricles did not differ significantly
between CHI and MCI (35.0 mL versus 38.6 mL respectively,
P= 1.00). In particular, there were no differences regarding
the subvolumes of the main bodies and of the temporal
horns between CHI and those with MCI groups (P > 0.05 for
both measures). In contrast, the AD group had larger lateral
ventricles, main bodies and temporal horns than the CHI
(P < 0.05 for all measures). Lastly, only the temporal horns,
but not the main bodies, were significantly larger in people
with AD compared to those with MCI (P = 0.009 for left
temporal horn subvolume, and P = 0.007 for right temporal
horn subvolume).

Table 1: Participants’ characteristics.

Total volume | Subvolume | Subvolume of | Subvolume of | Subvolume of
Age Sex MMSE ADAS-cog . i
of lateral of left lateral right lateral | left temporal | right temporal
Group | (mean * score /30 score /70 . . .
SD) (m:w) | (mean £ SD) | (mean % SD) ventricles, mL | ventricle, mL | ventricle, mL horn (mL) horn (mL)
(mean * SD) (mean £SD) | (mean £SD) | (mean * SD) (mean % SD)
CHI | 69.7+3.6 22116 | 288+1.1 3614 35.0+16.2 17.9+8.7 17179 0.72+ .85 0.77 £ .92
MCI | 69.7+3.7 | 10:25 | 276+14 53+21 38.6 +19.0 20.3+£10.3 18.3+9.0 0.67 + .42 0.67 + .42
AD | 80.6+53|11:12| 21.0+4.6 15.1+6.6 51.5+26.7 27.3+£14.0 242 +13.3 0.84 + .82 1311

Table 2: ANOVA inter-group results (significance reported).

Total volume of Subvolume of left Subvolume of right Subvolume of left Subvolume of right
Groups R . .
lateral ventricles lateral ventricle lateral ventricle temporal horn temporal horn
CHI - MCI P=1.00 P=1.00 P=1.00 P=1.00 P=1.00
CHI-AD P =0.008* P =0.004* P =0.022* P=0.016" P=0.019*
MCI-AD P =0.056 P =0.050 P =0.081 P =0.009" P=0.007*
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Table 3: Paired samples Student’s #-test results (¢-value and significance reported).

Subvolumes of left and right

Groups lateral ventricle
CHI 1.4 (P =1.70)
MCI 3.1 (P=0.004)*
AD 2.6 (P=0.016)"

As illustrated in Table 3, CHI had no differences
between the left and right volumes of the lateral ventricles
(P =1.70), of the main ventricular bodies (P = 0.163) and of
the temporal horns (P = 0.329). Conversely, in the group with
MCI, we found a left-right asymmetry for the volume of the
lateral ventricles illustrated by a larger left lateral ventricle
(P = 0.004) and a larger left main ventricular body (P =
.008), but no volumic difference between the temporal horns
(P = 0.329). Finally, in the group with AD, we also found
larger left lateral ventricles (P = 0.016) and larger main
ventricular bodies (P = 0.028), but no asymmetry in the
temporal horns subvolumes (P = 0.918).

Discussion

The main finding of this memory clinic-based study is
that there was a right-less-than-left asymmetric enlargement
of the lateral ventricles among participants with MCI and
AD. We described two different profiles of expansion: first,
when comparing CHI and MCI, we found no significant
enlargement of the ventricles but a left enlargement of the
main ventricular body compared to the right one in MCI
specifically; and then, when comparing MCI and AD, we
found a global enlargement of the whole ventricles (notably
of the subvolume of temporal horns) with a persistent
circumscribed asymmetric enlargement of the left main
ventricular body. In contrast, we found no asymmetry of the
left and right temporal horns in the 3 groups. The results of
this study add support to the hypothesis that there may be
an asymmetry of pathology in patients with AD and MCL
As previously reported by Muller et al., there may be a
noteworthy functional significance to this finding [37]. In their
study, left hippocampal tissue breakdown was the strongest
single predictor of verbal memory performance, as atrophy in
this area of the brain seemed to be associated with impaired
encoding and retrieval of verbal material that occurs early
on in the course of AD [37]. Shi et al., further expanded on
the importance of the left vs. right asymmetry by suggesting
that the asymmetry may change dynamically with disease
progression [9]. Apostolova et al. [7] reported that participants
with MCI who had moderate to severe hippocampal atrophy
showed a trend for greater left-sided hippocampal atrophy
versus the right. Thompson et al. [14] showed that cortical
atrophy occurred earlier and progressed faster in the left
hemisphere among participants with AD on average. This

Subvolumes of left and right main bodies of
lateral ventricles

1.4 (P =0.163)
2.8 (P = 0.008)*

2.4 (P =0.028)

Subvolumes of left and right
temporal horns

0.99 (P = 0.329)
0.32 (P = 0.748)

0.104 (P =0.918)

asymmetry was further confirmed in a meta-analysis by Shi
et al. (2009) that was performed in controls, MCI and AD
patients. This group found that consistent left-less-than-right
asymmetry within all three cohorts. When using the right
hippocampus as a baseline measurement, the relative left
hippocampus average volume reduction, weighted by sample
size was 6.3% (SD 4.9%) in patients with Alzheimer disease,
9.1% (SD 6.5%) in patients with Mild Cognitive Impairment,
and 5.8% (SD 4.6%) in controls [9]. The highest disturbance
in hippocampal asymmetry occurred in MCI populations
and Shi et al. suggests that this may be a characteristic of the
onset of illness. Lastly, Giannakopoulos et al. investigated
the relationship between microvascular pathology in the left
and right hemispheres of the brain in 153 individuals whose
brain was examined post-mortem [38]. They found that many
more brains presented with a predominance of microvascular
pathology in the left hemisphere than right. Additionally, they
discovered that cognitive status was positively associated with
Alzheimer and microvascular pathology in each hemisphere.
Bugiani et. al also found similar findings at autopsy, noting
that atrophy of the brain was more severe in the association
areas surrounding the left sylvian fissue and that numerical
densities of nerve cells were lower in the left hemisphere [17].

Limitations of this study include the fact that it is cross-
sectional in design and did not follow patients longitudinally
to track ventricles volume expansion over time. Future
studies can be designed with multiple imaging and cognitive
testing time points. Thus, the disturbance of hippocampal
symmetry may be a characteristic biomarker of the onset
of illness and can be used to perhaps discriminate between
healthy individuals and those with AD pathology. Additional
imaging studies need to be performed to confirm and further
explore the asymmetry of pathology and Alzheimer.
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