1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Acad Radiol. Author manuscript; available in PMC 2015 March 20.

-, HHS Public Access
«

Published in final edited form as:
Acad Radiol. 2012 May ; 19(5): 512-517. doi:10.1016/j.acra.2012.01.006.

Progression of corpus callosum atrophy in early stage of
Alzheimer’s disease: MRI based study

Minwei Zhu, MDY# Wenpeng Gao, PhD2# Xudong Wang, MD3, Chen Shi#4, and Zhiguo Lin,
PhD?

1Department of Neurosurgery, The First Affiliated Hospital of Harbin Medical University, Harbin,
Heilongjiang province, China

2Bio-X Center, Harbin Institute of Technology, Harbin, Heilongjiang province, China

SDepartment of Neurology, The First Affiliated Hospital of Harbin Medical University, Harbin,
Heilongjiang province, China

4New York University Langone Medical Center and School of Medicine, New York, USA

Abstract

Rationale and Objectives—Magnetic resonance imaging (MRI) studies reveal that the atrophy
of the corpus callosum (CC) is involved in early Alzheimer’s disease (AD). This study
investigates when and how the callosal change occur in the early course of AD.

Materials and Methods—High-resolution structural MRI were obtained from 196 old people,
subjects were characterized using the Clinical Dementia Rating (CDR), 98 healthy controls were
nondemented (CDR 0), 70 patients had a clinical diagnosis of AD in very mild (CDR 0.5) and 28
patients in mild (CDR 1) dementia stage. A semi-automatic segmentation method was used to
extract the CC on the midsagittal plane (MSP). We measured the total and regional areas of CC.

Results—Results indicate that the callosal atrophy occurs in the subjects when their CDR is 0.5.
The area of genu and rostral body of CC of the healthy controls (CDR 0) is significantly different
from that of the subjects with very mild dementia (CDR 0.5) (p< .05). The significant difference
can also be found in the area of rostral and midbody of CC between the subjects with very mild
dementia (CDR 0.5) and those with mild dementia (CDR 1) (p< .05).

Conclusion—The callosal atrophy can be detected in the subjects when their CDR is 0.5. The
change of CC in the early stage of AD indicates an anterior-to-posterior atrophic process when the
degree of dementia increases (CDR 0—0.5—1).
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Introduction

Alzheimer’s disease (AD) has been described as an irreversible, neurodegenerative brain
disease and generally affects gray matter. Nevertheless, several researchers have revealed
that AD is also associated with white matter pathology (1, 2). The corpus callosum (CC) as
the largest interconnecting white matter tract in the brain may be affected by AD inevitably.
Since CC is responsible for most of communication between two cerebral hemispheres, it is
important to understand how AD affects the CC.

Up to now, many studies (3—12) have reported a significant atrophy of CC in the process of
AD. Most of these studies include AD patients in different dementia stages from mild to
severe dementia. In general, the investigators classify these heterogeneous patients as an AD
group in advance. In comparison with the normal controls, they analyze the change of the
CC with different methods, such as the region of interest (ROI) (4, 6-14), voxel-based
morphometry (VBM) and diffuse tensor imaging (DTI) (3, 10, 12, 13, 15, 16). With respect
to callosal change based on MRI, most researchers have focused on subjects with mild
congnitive impairment (MCI), which is a transitional stage between normal cognitive
function and AD. Controversial results have been reported in ROI studies of the CC in
subjects with MCI. Wang and Su (16) found no callosal change between MCI patients and
healthy controls. Yet, Wang et al. (12) detected atrophy in the posterior subregions. While
Thomann et al. (10) reported a reduction in anterior subregions of the CC in a group of MCI
patients. A survey of these works can be found in (17), which revealed that changes in the
anterior and the posterior portions of the CC might already be present in the early stage of
AD. Though much attention has been paid to the heterogeneous AD groups, there are few
works on the homogeneous AD groups (e.g., patients suffering from mild or moderate AD).

The homogeneous AD groups can be subdivided in terms of Clinical Dementia Rating
(CDR) (18), which is a numeric scale used to quantify the severity of the symptoms of
dementia. CDR 0 indicates no dementia, and CDR 0.5, 1, 2, and 3 represent very mild, mild,
moderate, and severe dementia, respectively. To our knowledge, there is no report that
investigate callosal change based on CDR scale, especially for CDR=0.5 (very mild
dementia) and CDR=1 (mild dementia). People in these two stages are more likely to
develop to severe dementia. In this paper, we will investigate the callosal change in these
two stages to find 1) when the callosal atrophy can be detected; 2) how the CC changes

Materials and methods

Subjects and imaging data

Data used in this study was obtained from the Open Access Series of Imaging Studies
(OASIS) database (www.oasis-brains.org). The OASIS provides MRI data sets of the brain
to the scientific community freely. CDR scale incorporating multiple cognitive and
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functional domains was used to quantify the dementia severity for participants. CDR 0
indicated no dementia, while CDR 0.5 and 1 represented very mild and mild dementia,
respectively. For each subject, T1-weighted magnetization prepared rapid gradient-echo
(MP-RAGE) images were acquired using 1.5-T vision scanner (Simens, Erlangen, Germeny)
with repetition time (TR)= 9.7 msec, echo time (TE)= 4 msec, flip angle (FA)= 10, inversion
time (T1)= 20 msec, delay time (TD)= 200 msec, 256x256 (1x1 mm) resolution. Detailed
selection and characteristics of the participants have been described in (19).

Due to the patients suffering from the dementia over 60 years old, we selected healthy
controls older than 60 years to match the case group. All subjects were divided into three
groups: very mild dementia (CDR 0.5, n=70), mild dementia (CDR 1, n=28), and healthy
controls (CDR 0, n=98), respectively.

Measurement of corpus callosum atrophy

1. Semi-automatic segmentation of the CC—The CC on the midsagittal plane was
segmented using a semi-automatic method with the software NASP (20). Firstly, the
midsagittal plane was extracted from the MR volume using the method proposed by Hu et al
(21) (Fig. 1). Assume that the intensity distribution in the CC is approximately Gaussian, we
determined the upper and lower thresholds (denoted by Ty and T ) of the CC using
Gaussian Mixture Model (GMM) (22) (Fig. 2). Then, a binary image containing several
regions (include the CC) was obtained with dual threshold segmentation (Fig. 3). Then, the
boundary rectangle and its major and minor axes of each region were calculated using the
method proposed by Chaudhuri and Samal (23). We also calculated other geometric
measurements, i.e., the length along the major axis, the width along the minor axis, the angle
between major axis and the horizontal axis, and the area. The region of the CC was selected
according to its anatomic characteristic: (1) Length (from the anterior point (Ap) to posterior
point (Pp)) of 7 to 9 cm; (2) Width (from the superior point (Sp) to the inferior point (Ip),
Fig. 3) of 2 to 4 cm; (3) Orientation (an angle of the major axis with respect to the horizontal
axis) from 5° to 40°; (4) Area greater than 2 cm?.

Due to the existence of the noise in MR images and variability of the anatomy, mis- or over-
segmentation may take place in some MR volumes. These flaws were amended by two
raters mutually and manually using the NASP, which also provides the function of manual
delineation.

2. Division of the subregions of the CC—The CC was automatically divided into five
subregions according to a modification of the Witelson Partitioning (WP) scheme (24, 25).
Radial dividers emanated from the midpoint on the lower side of the bounding rectangle
with equal angular interval, and the CC was subdivided into the rostrum and gene (CC1),
rostral body (CC2), midbody (CC3), isthmus (CC4) and spnium CC5, respectively (see Fig.
4). The total CC area (TCA) and each subregion area were calculated by multiplying the
number of pixels and the pixel size automatically.
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Statistical analysis

Results

Data distributions were assessed and descriptive statistics were computed. Differences in the
total corpus callosum within groups were assessed with the analyses of covariance
(ANCOVA), while three-way repeated measures ANCOVA were performed to assess the
subregions differences within three groups. Head size, as estimated by total intracranial
volume (eTIV), was used as a covariate in the analyses. Univariate orthogonal contrasts
were further examined using post hoc pairwise comparisons to test for differences in
subregions between groups. All the statistical computations were performed using SPSS
(Release 13.0, The LEAD Technologies Inc., Chicago, Illinois, USA).

Inter- and intraobserver variability

To evaluate the intra- and interobserver agreements of measurements, two experts were
asked to segment the CC in MR scans of 40 subjects with NASP. Each expert segmented the
CC only two times within 2 weeks to avoid previous bias. Pearson correlation coefficient for
the total and subregions area of CC were very high, correlation ranged from 0.931 (p< .001)
to 0.954 (p< .001). For repeated segmenting of CC by one observer, the measurements were
highly reproducible, with correlations between 0.956 (p< .001) and 0.989 (p< .001).
Obviously, the inter- and intraobserver variation of our method is low.

Comparison of groups descriptives

The basic descriptives were analyzed in Table 1. No difference was found among three
groups in age or with respect to education (p> .05), the sex ratio presented significant
difference between controls (CDR 0) and participants (CDR 0.5) (p< .05). Pairwise
comparisons were performed and the results indicated that mini mental state examination
(MMSE) score was significantly different among three groups (p< .05), as expected. There
was no group difference in eTIV (p> .05).

TCA and subregions differences

The area of total CC and its subregions were presented in Table 2. A trend of total CC area
atrophy presented when CDR varied from 0 to 1 (p< .05) (see Fig. 5), and even can be found
when CDR is 0.5. When the group with CDR 0.5 was compared with healthy control (CDR
0) group, we observed a significantly atrophy in CC1 and CC2 (p< .05) (see Fig. 6). When
we compared the group (CDR 1) with the group (CDR 0.5), statistically significant
differences of callosal subregions reduction were found in CC2 and CC3 (p< .05) (see Fig.
6).

Discussion

The CC is the major commissure connecting symmetrical cortical regions of two cerebral
hemispheres. AD is a progressive, neurodegenerative disorder associated with impairments
in memory, language, and cognition (26). Multiple studies have documented that the callosal
atrophy is involved in the patients with AD. Before meeting the criteria of AD, the patients
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often experience two stages, i.e., very mild (CDR 0.5) and mild dementia (CDR 1). It is
necessary to investigate the relation between the callosal change and the early stage of AD.

In this paper, we performed a cross-sectional study to investigate when and where the
callosal atrophy occurs along the early course of AD (CDR 0—0.5—1). We compared the
callosal subregions of the three groups (with CDR 0, 0.5 and 1, respectively). The results
shows that the callosal subregions atrophy is found in CC1 and CC2 when group (CDR 0.5)
vs group (CDR 0) while in CC2 and CC3 when group (CDR 1) vs group (CDR 0.5). The
results confirm the existence of anterior-to-posterior (CC1—+CC2—CC3) callosal atrophy
with the degree of dementia increases in the early stage of AD (CDR 0—0.5—1). This
finding also complements the myelin breakdown hypothesis (27). According to this
hypothesis, the small-diameter late-myelinating fibers are more susceptible to myelin
breakdown and affected by neurodegeneration more easily (28, 29). Note that the density of
the myelinate fibers decreases from the rostrum and genu to the midbody of CC
(CC1—CC2—CC3), and the diameter of the fibers increases accordingly (30, 31). Such a
topographical organization of CC are likely responsible for the specific pattern of anterior-
to-posterior callosal atrophy in the early stage of AD.

Previous studies reported that the callosal atrophy is predominantly restricted to the anterior
part of corpus callosum in MCI and AD (3, 14). The anterior part of CC contains the fibers
connecting prefrontal gyrus (32). Thomman also found the frontal atrophic process in
patients with MCI and AD (10). However, recent studies demonstrated there were no
significant correlations between the gray matter density and the anterior subregions of CC
(13, 17). Therefore, the Wallerian degeneration hypothesis as a consequence of the death of
projecting pyramidal cells in the neocortex may not account for the anterior atrophy of CC,
but might be responsible for the posterior region atrophy of CC in the mild AD patients (3—
6, 8, 11), the anterior atrophy of CC is supposed to be explained by myelin breakdown
hypothesis.

There are several advantages over in our study. (1) Traditional ROl analysis is time
consuming and operator-dependent, since the raters had to draw the boundary of ROI
manually. In this paper, we adopted an automatic segmentation method plus operator’s
compensation to improve the accuracy and the reproducibility. (2) The subjects concerned in
this paper are more than those in the previous studies. Therefore, the discrepancies in the
findings can be reduced. (3) Allowing for the factor of age, we selected all controls with age
more than sixty to match the patients in early stage of AD. All of these contributions make
the result more credible.

Due to lack of MR images of the patients with moderate (CDR 2) and severe dementia
(CDR 3), the callosal change in the later stage of AD can not be investigated. In the future,
more data should be obtained for the follow-up investigation to clarify how CC changes in
the whole process of AD.

In conclusion, we investigated the callosal atrophy based on MRI in the early course of AD.
The methods and the tool used in this work make the analysis more credible. Compared to
healthy controls, the callosal atrophy of the subjects with CDR 0.5 presents in the anterior
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bregions. We complemented the myelin breakdown hypothesis and concluded that the
terior-to-posterior callosal atrophy (CC1—CC2—CC3) occurs as the degree of dementia

increases (CDR 0—0.5—1). This work contributes to better understanding the development

of

callosal topography in the process of AD.
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Fig. 1.
MR image on the midsagittal plane extracted from the MR volume.
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Fig. 2.

Estimation of the thresholds of the CC using Gaussian Mixture Model.
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Fig. 3.
ROI of the CC obtained with dual thresholds segmentation.
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Fig. 4.
A diagram of modified Witelson radial partitioning scheme. CC1: rostrum and genu, CC2:

rostral body, CC3: midbody, CC4: isthmus, CC5: splenium.
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Mean and standard deviation of the TCA in three groups. Abbreviations and symbol (* and
**)asin Table 1 and 2.
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Mean and standard deviation of the area of subregions (from CC1 to CC5) in three groups.
Symbol (* and **) as in Table 1 and 2.
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Table 1

Means and standard deviation of descriptive variables for each group

Characteristics Healthy control ~ Very mild dementia  Mild dementia

Number 98 70 28
Age (years) 75.9 (9.0) 76.2 (7.0) 77.8 (7.0)
Sex (Male/Female) 26/72 31/39 ¥ 9/19
Education (years) 14.5(2.9) 13.8(3.2) 129 (3.2)
MMSE score 29.0 (1.2) 256(3.2)" 217 (3.8) ™"
eTIV (cmd) 1438.9 (150.2) 1485.4 (186.6) 1481.6 (120.8)

MMSE: mini mental state examination
eTIV: estimated total intracranial volume
*
Very mild dementia group is different from Healthy control group, p< .05.

* %
Mild dementia group is different from Very mild dementia group, p< .05.
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Table 2

Cross-sectional areas of corpus callosum and its subregions

Region

Healthy control (n=98)  Very mild dementia (n=70)  Mild dementia (n=28)

TCA

CC1

CcC2

CC3

CC4
CC5

572.86 (8.51) 543.89 (10.06) * 504.71 (15.87) **
162.43 (2.97) 152.75 (351) * 141.87 (5.54)
81.50 (1.54) 74.59 (1.82) * 66.84 (2.87) *~
74.84 (157) 72.87 (1.86) 64.65 (2.95) **
76.45 (1.82) 73.82 (2.15) 68.89 (3.39)
177.65 (3.10) 169.85 (3.67) 162.46 (5.78)

Values represent mean (standard deviation) (mm2). TCA: Total corpus callosum area.

*
Very mild dementia group is different from Healthy control group, p< .05.

*%

Mild dementia group is different from Very mild dementia group, p< .05.
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