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Chapter 1

Alzheimer’s disease

Alzheimer’s disease (AD) is the most common form of dementia and its
prevalence is increasing rapidly. It is estimated that 25 to 30 million people
worldwide suffer from AD and this number will triple by 2040 as age is the
most important risk factor for AD and life expectancy is increasing '. The
diagnosis is based on criteria from the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV) and the National Institute of Neurologic,
Communicative Disorders and Stroke-AD and Related Disorders Association
(NINCDS-ADRDA) which dictate that a patient, in order to fulfil the criteria
for AD, has to have dementia, progressive dysfunction in memory and one other
cognitive domain, normal consciousness, onset between 40-90 years of age and
no other physical or neurological disease which can explain the symptoms.
Magnetic resonance imaging (MRI) or computed tomography (CT) is used to
rule out other causes of the symptoms such as a tumor or evidence of a stroke
12, Recently, it has been proposed to use biomarkers based on cerebrospinal
fluid analysis, structural MRI and amyloid imaging using Positron Emission
Tomography (PET), as supporting diagnostic criteria in research settings since
a definite diagnosis in vivo is still not feasible °.

AD is characterized by a long pre-clinical phase in which neuropathological
changes in the brain build up without any signs or symptoms of the disease **.
In the pre-clinical phase of AD, some patients experience memory complaints.
This state of subjective cognitive impairment (SCI) is common in the
elderly and refers to a subjectively decline from previous levels of cognitive
functioning, which cannot be confirmed by neuropsychological evaluation °.
Longitudinal population-based studies have reported an association between
SCI on the one hand and future cognitive decline ¢ and dementia ” on the
other. Moreover, neuroimaging studies have shown that, in subjects with SCI,
brain changes can be observed that are also found in AD patients *". This
suggests that elderly with SCI may be at risk for developing AD, and therefore
this group of subjects is frequently used to study AD in the pre-clinical stage.
Alternatively, cognitive complaints may be caused by other factors such as

depression, anxiety and quality of life '+'

. The second pre-clinical phase of AD
is characterized by memory deficits without deficits in other cognitive domains
and without significant impairment in social or occupational functioning. This
stage is generally referred to as amnestic mild cognitive impairment (aMCI).
About 50% of subjects with aMCI develop AD within 3 years and therefore
these subjects are frequently studied to assess abnormalities in the early stages

of AD 8,
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Although increasing age is the main risk factor for the development of
AD, the disease also develops in younger patients. Early onset AD (EOAD)
refers to patients before the age of 65 years, whereas late onset AD (LOAD)
is defined with an onset age above 65 years. Although EOAD and LOAD
patients share most of the same characteristics of the disease, previous research
has shown differences in pattern and severity of cognitive decline, atrophy and

neuropathology 2.

MRI markers in Alzheimer’s disease

MRI in AD typically reveals atrophy of the brain in areas that are known to be
affected by neurofibrillary tangle deposition and that are functionally associated
with neuropsychological deficits. In AD, atrophy starts in the hippocampus
and the enthorinal cortex and extends to the temporal, parietal and frontal
neocortices during the disease progression **. Using volume measurements
of the brain, AD patients can be distinguished from healthy elderly with a
sensitivity and specificity of approximately 80% '. Unfortunately, atrophy of
these structures is not sufficiently accurate to serve as a diagnostic criterion for
the clinical diagnosis of AD in the earlier stages of the disease (MCI). The AD
diagnosis based on MRI markers is often complicated by co-existing cerebral
pathology. Besides atrophy, MRI in AD patients often reveals signs of small
vessel disease (SVD) such as white matter hyperintensities, lacunar infarcts
and microbleeds (MBs). Patients with such abnormalities suffer from a mixed
pathology of AD and cerebrovascular disease **.

Sporadic cerebral amyloid angiopathy and HCHWA-D.

Sporadic cerebral amyloid angiopathy (sCAA) is a common cerebrovascular
disease of the elderly which is also found with a particularly high prevalence
in AD patients. The clinical picture of sSCAA is dominated by stroke and
dementia. A group of CAA patients in whom a genetic basis for the disease
has been identified are those with hereditary cerebral hemorrhage with
amyloidosis-Dutch type (HCHWA-D). HCHWA-D is an autosomal dominant
disease caused by a single base mutation at codon 693 of the amyloid precursor
protein gene on chromosome 21, and occurs in a limited number of families in
the villages of Katwijk and Scheveningen in the Netherlands »*. HCHWA-D is
characterized by the same symptoms as sCAA (recurrent strokes and cognitive
impairment) 2%, however the onset age is much earlier: these patients suffer
from their first stroke at an average age of 50 years **.
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MRI markers in sporadic CAA and HCHWA-D

The most common radiological manifestations of both sporadic CAA and
HCHWA-D are MBs and large intracerebral hemorrhages (ICH) with a lobar
distribution, caused by amyloid-p deposition leading to fragility and rupture
of the vessel wall. More recently, superficial siderosis (SS) has been recognized
as a radiologically-visible manifestation of CAA *°*. Apart from these
hemorrhagic manifestations, CAA and HCHWA-D are characterized by white

28-30

matter hyperintensities ***, and in a subset of patients CAA-related vascular

inflammation has been reported *'.

Pathology of AD and CAA/HCHWA-D

Deposition of amyloid-B (Ap) in the brain is the common denominator of AD
and CAA.InAD, AP accumulates extracellularly as plaques in brain parenchyma,
whereas AP accumulates in the wall of cerebral arterioles and capillaries in
CAA. Plaques are classified as senile/neuritic plaques or diffuse plaques. The
former, together with neurofibrillary tangles, are the pathologic hallmark of AD
and contain A in the form of fibrils, i.e. amyloid. In CAA and HCHWA-D,
AP is also deposited as fibrils, but in the vessel wall instead of the parenchyma
3234, Although AD and CAA are perceived as different disease entities, these
conditions often coexist: at autopsy 40% of sporadic CAA patients have AD
pathology and in 90% of AD patients CAA pathology is observed *°.

Diagnosis of AD and CAA: what’s the problem?

AD is still a disease that can only be diagnosed with certainty at autopsy, based
on the observation of the histological detection of senile plaques which contain
fibrillary amyloid-B (AB), and neurofibrillary tangles. Currently, due to the
absence of validated sensitive and specific tests, the clinical diagnosis of AD
can only be made at a late stage of disease progression and with a considerable
degree of uncertainty, “probable AD” at best, which is based on criteria from
the DSM-IV and the NINCDS-ADRDA criteria. Nevertheless, the histological
hallmarks of AD pathology are known to occur up to 10 to 20 years before the
objective detection of cognitive decline *.

Sporadic CAA can also not be diagnosed with certainty in vivo. Again,
the major problem is the absence of reliable, non-invasive diagnostic tests.
Currently, the only certain diagnosis is based on histological examination of
brain tissue, and consequently the diagnosis is made post-mortem. The so-called
‘Boston criteria’ represented an effort to estimate the likelihood of the presence
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of CAA during life, with categories of probable and possible CAA, mainly based
on the presence and pattern of hemorrhagic lesions on neuroimaging studies.
According to these criteria, lobar, cortical, and corticosubcortical hemorrhages
are suggestive of the presence of CAA. The presence of a single hemorrhage
in these areas gives rise to the diagnosis possible CAA, whereas the presence
of multiple hemorrhages in these areas is a requirement for probable CAA.
Hemorrhages in the basal ganglia, thalamus, or brainstem, brain regions
typically spared by CAA, are exclusions to the diagnosis of probable CAA 37,

Detecting cerebral amyloid deposition in vivo using Pittsburgh compound
(PiB), a contrast agent with a high affinity for amyloid, and PET is a promising

340 However, this method has

diagnostic tool for cerebral amyloidoses
limitations: it is a costly procedure, requiring the presence of a cyclotron; it
does not provide information on the presence of other types of pathology in
the brain than the accumulation of amyloid; and it is not clear whether it can

differentiate between parenchymal and vascular amyloid.

Ultra-high field MRI

MRI has three major advantages compared to PET-PiB: 1) less expensive,
2) no need of ionizing radiation, and 3) the possibility to generate image
contrasts corresponding to multiple disease characteristics instead of a single
one. The introduction of human MRI systems operating at a field strength of
7 Tesla (T), which is more than twice as high as the existing 1.5T and 3T MR
systems, may offer new opportunities for detecting cerebral amyloidoses in
vivo. The advantages of 7T MRI over the standard field strengths include an
increase in spatial resolution, signal to noise ratio and contrast to noise ratio
and, more interestingly, a much increased sensitivity to tissue susceptibility *'.
The size of amyloid plaques typically range from 16 to 150 pm in diameter, and
most plaques are smaller than 25 yum, which is far lower than the anatomical
resolution of most MRI systems. However, amyloid deposits contain iron,
which gives rise to susceptibility effects in an area that is much larger than a
plaque on T -weighted images 7. At lower field strengths (3T) such changes
have not been observed, which is probably due to insufficient resolution and
sensitivity for the susceptibility effects that are induced by amyloid. 7T MRI
might help overcoming these limitations and enable detection of amyloid
deposition in vivo.
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Aim of this thesis
The general aim of this thesis is to explore the possibility to detect changes
related to amyloid deposition in vivo using ultra-high field MRIL

To achieve this goal we started in chapter 2 with exploring the ability of
a human 7T MRI system to detect changes in the cerebral cortex related to
amyloid deposition using post-mortem human brain specimens. In chapter 3,
4 and 5 we assessed whether amyloid-related changes can be observed in vivo
using a human 7T MRI system and exploiting T -weighted phase information.
In chapter 6 we reported on an in-vivo study on the prevalence and number of
cortical microinfarcts (a manifestation of small vessel disease) in patients with
AD and we determined the independent association of cortical microinfarcts
with cognitive dysfunction. In chapter 7, the diagnostic value of two recently
discovered MRI manifestations of sSCAA, MBs and SS, was assessed in patients
with HCHWA-D.
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