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Gabriela Spulber
Imaging the progression from 
Mild Cognitive Impairment to 

Alzheimer’s disease Gabriela Spulber

Imaging the progression from 
Mild Cognitive Impairment to 
Alzheimer’s disease

Alzheimer’s disease (AD) is the 

most common cause of cognitive 

impairment in older people and 

can be diagnosed only at dementia 

stage. There is a pressing need 

for timely identification of AD so 

that interventions can begin early. 

This thesis focuses on identifying 

structural MRI parameters that 

differentiate between stable 

and progressive mild cognitive 

impairment (MCI) subjects prior to 

clinical conversion to AD. Results 

from this work indicate that 

structural MRI biomarkers support 

the assessment of progression to 

AD, and are therefore integral 

components in the evaluation of MCI 

patients. 
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Figure 2.1 Principles of magnetic resonance imaging (MRI) 
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Table 2.1 T1 and T2 values for common brain tissues at 1.5T (S������/�,��0AA), 4������������)�

0AAP) 

Tissue T
1

 (ms) T
2

 (ms) 

CSF 2400 160 

White 780 90 

Gray 920 100 

Fat 250 80 
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Figure 2.2 Basic MR contrasts. Note the

difference in appearance between liquid and 

brain parenchyma. 
T1-weighted T2-weighted FLAIR
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Figure 2.3 Diffusion-weighted MR images and main DTI metrics (fractional anisotropy and 

mean diffusivity). Courtesy of Amirhossein Manzouri, SMILE, Karolinska Institutet. 

diffusion weighted fractional anisotropy mean diffusivity
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Figure 2.4 FLAIR-overlaid WMH automatic segmentation 

using a cascade of reduced support vector machine 

algorithm. Note the accuracy of segmentation 

(comparable with manual segmentation). Courtesy of 

Soheil Damangir, Karolinska Institutet 

automatic segmentation manual segmentation
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Table 4.1 Synoptic presentation of subjects and methodologies used throughout the thesis 

 

STUDY No of 

Subjects 

Label MRI Target Method 

I 102 MCI 2 whole brain atrophy rates IPCA under SPM5 

II 60 MCI 3 regional dynamics of atrophy VBM under SPM8 

III 1064 CTL/MCI/AD 1 MR derived index of severity FreeSurfer, OPLS 

IV 63 CTL/MCI/AD 1 WM integrity TBSS under FSL 

�

Table 4.2 Subjects baseline characteristics 

 

STUDY Groups Age at 1
st

 

scan 

Gender  

(male/female) 

Education 

years 

MMSE at 1
st

 

scan 

I Stable MCI 72.4 ±5.6 37/50 6.8 ±2.2 24.7±2.8 

Progressive MCI 71.6±5.8 4/11 8.2±3.5 23.8±3.1 

II Stable MCI 73.03±5.04 21/27 6.8±2.3 26.1±2.5 

Progressive MCI 73.03 ±6.9 4/8 6.5 ±3.1 23.1±2.1 

III CTL 75±5.7 167/168 14.3±4.4 29.12±1.05 

Stable MCI 74.7±6.5 152/109 13.2±4.9 27.3±1.7 

Progressive MCI 74.3±6.9 102/71 14.8±3.7 26.6±1.7 

AD 75.2±6.8 129/165 12±4.7 22.3±3.6 

IV CTL 75±6 11/8 9±3 28±1 

MCI 75±6 15/12 8±3 26±2 

AD 76±7 6/11 9±5 22±5 

4.2 MRI METHODS 
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Figure 4.1 Atrophy detection using IPCA. The baseline image is used as reference 
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Figure 4.2 Longitudinal VBM workflow 
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Height threshold: T = 4.78, p = 0.000 (0.050)

Extent threshold: k = 150 voxels, p = 0.014 (0.001)

Expected voxels per cluster, <k> = 22.681

Expected number of clusters, <c> = 0.00

FWE p: 4.780, FDR p: 5.691, FWE c: 1, FDR c: 223

Degrees of freedom = [1.0, 116.0]

FWHM = 12.7 14.4 13.3 mm mm mm; 8.5 9.6 8.9 {voxels}

Volume: 1163339 = 344693 voxels = 405.7 resels

Voxel size: 1.5 1.5 1.5 mm mm mm; (resel = 717.31 voxels)
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Figure 4.3 Schematic depiction of the algorithms included in the FreeSurfer pipeline 
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4.3 STATISTICS 
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Table 5.1 Age related global brain atrophy rates 

 

Age Normal ageing AD 

30-50 0.2% 

2-3% 

70-80 0.3-0.5% 
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to AD based on IPCA whole brain 

atrophy rates 
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Table 5.2 Anatomic locations of FA differences 

 

Location TBSS ROI 

MCI vs. CTL AD vs. CTL AD vs. MCI AD vs. MCI 

Parahippocamppus R R L 

Uncinate fasciculus RL RL RL RL 

Inferior longitudinal fasciculus RL RL 

Superior longitudinal fasciculus RL RL RL RL 

Cingulum RL RL RL 

Corpus callosum-genu + + 

Corpus callosum-splenium + + 

Body of fornix + - 

Anterior arch of fornix RL RL RL 

Cerebellum RL RL RL 

R = right, L = left  
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Imaging the progression from 
Mild Cognitive Impairment to 
Alzheimer’s disease

Alzheimer’s disease (AD) is the 

most common cause of cognitive 

impairment in older people and 

can be diagnosed only at dementia 

stage. There is a pressing need 

for timely identification of AD so 

that interventions can begin early. 

This thesis focuses on identifying 

structural MRI parameters that 

differentiate between stable 

and progressive mild cognitive 

impairment (MCI) subjects prior to 

clinical conversion to AD. Results 

from this work indicate that 

structural MRI biomarkers support 

the assessment of progression to 

AD, and are therefore integral 

components in the evaluation of MCI 

patients. 
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