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Chapter 8

The general aim of this thesis was to explore the possibility to detect changes
related to amyloid deposition in vivo using ultra-high field MRIL

In chapter 2 we demonstrated that abnormalities can be observed in post-
mortem human brain specimens with cerebral amyloidosis including patients
with Alzheimer’s disease (AD), Down Syndrome (DS), sporadic and
hereditary cerebral amyloid angiopathy (CAA), and healthy controls on a
human 7 Tesla (T) MRI system. These abnormalities comprise hypointense
foci and less circumscript areas of decreased signal intensity that give rise to an
inhomogeneous, grainy aspect of the cortex. These changes could be detected
on T -weighted sequences, using clinically acceptable acquisition times,
suggesting that these techniques are applicable in a clinical setting.

In chapter 3 we continued our work using this same technique in patients with
AD and healthy controls in order to translate our ex vivo findings to the in vivo
situation. In this study we could not replicate the ex-vivo finding of hypointense
foci, that might represent amyloid plaques. Nevertheless, this study showed
that using this novel ultra-high field imaging approach at 7T, patients with
clinical symptoms of AD demonstrated an increased cortical phase shift on
T, *-weighted images. These phase shifts between AD patients and control
subjects have a high specificity, independent of age and gender. Moreover,
these phase shifts correlated with individual mini mental state examination
(MMSE) scores. Of all cortical areas studied, the parietal cortex showed the
highest specificity combined with the highest sensitivity for the diagnosis AD
and the strongest correlation with MMSE.

In chapter 4 we refined the method we used in the previous chapter in order to
be able to quantitatively assess cortical phase differences not only at the level
of cerebral lobes, but with a higher anatomical resolution in sub-regions of the
major lobes. We used this method to assess phase differences between two
types of AD patients: those with an early (EOAD) and those with a late onset
(LOAD) of the disease symptoms. Both groups were also compared to controls.
EOAD and LOAD patients showed an increased phase difference in the cortex
compared to controls. Using this new method we were also able to observe a
cortical phase difference between LOAD and EOAD patients. Mean regional
phase contrast was higher in EOAD patients as compared to LOAD patients
in the superior medial frontal gyrus, middle frontal gyrus, anterior and middle
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cingulate gyrus, postcentral gyrus, superior parietal gyrus, inferior parietal
gyrus and precuneus independent of disease severity measured by MMSE. The
finding of an increased phase shift in EOAD patients as compared to LOAD
patients suggests that iron accumulation, possibly due to amyloid deposition, is
more severe in the EOAD patients within specific regions of the brain.

The aim of the work presented in chapter S was to investigate whether phase
changes reflect relatively early cerebral AD changes. Therefore we studied
patients with subjective cognitive impairment (SCI), who as a group have an
increased risk of developing AD dementia and presumably also include patients
with a relatively early phase of AD. In addition, in this heterogeneous group
of patients we assessed whether phase changes were associated with cognitive
function. In this study, we found that in SCI subjects an increased cortical phase
shift is associated with poorer memory performance, although as a group, SCI
did not show an increased phase shift compared to controls.

In chapter 6 the prevalence of microinfarcts in AD patients and their association
with cognitive function and CAA was investigated using 7T MRI. Recently,
there has been accumulating evidence that so-called microinfarcts are a
common neuropathological finding in the aging brain in cognitively normal
elderly people !, AD patients > and CAA patients **. Autopsy studies have shown
an independent relation between the presence of cortical microinfarcts and
cognitive dysfunction **. Using 1.5 and 3T MRI systems remote microinfarcts
are hard to detect and are seen rarely °. Recently, it has been demonstrated that
using 7T MRI the in vivo detection of remote microinfarcts can be improved
»1011 At 7 Tesla we found an increased number of cortical microinfarcts in
AD patients in comparison to controls, and these lesions were associated with
cognitive dysfunction. The presence of these microinfarcts was mainly AD-
related, although our results indicate that they might be CAA-related as well:
however, the contribution of AD was more significant. The detection of these
lesions in vivo opens up the possibility to obtain a better understanding of the
contribution of microinfarcts to the pathophysiology of several diseases, such
as AD and vascular dementia, using 7T MRL

In chapter 7, the diagnostic value of two recently discovered MRI manifestations

of sCAA, microbleeds (MBs) and superficial siderosis (SS), was assessed in
patients with hereditary cerebral hemorrhage with amyloidosis- Dutch type
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(HCHWA-D). In contrast with the previous chapters in which ultra-high field
imaging was used, in this chapter 1.5T MRI was used. We aimed to analyze
and refine the imaging components of the Boston criteria for CAA based
on T -weighted 1.5T MRI in a group of symptomatic and asymptomatic
HCHWA-D patients. This analysis exploits the ability of noninvasive genetic
testing to diagnose HCHWA-D, allowing the results to be extended to patients
without available neuropathologic specimens. Our data show that using
TZ*-weighted 1.5T MRI in patients with proven CAA, the Boston criteria
have a high sensitivity for the interpretation of a hemorrhagic lesion as a
manifestation of CAA. The sensitivity of the criteria is increased by inclusion
of corticosubcortical MBs and is not reduced by excluding hemorrhagiclesions
in the deep white matter, basal ganglia, thalamus, or brainstem. SS is relatively
common in our population but did not influence the sensitivity of the Boston
criteria in the studied subjects.

The central finding of the work presented in this thesis is the cortical phase
change on T -weighted sequences that we observed in AD patients. It has been
demonstrated that such phase measurements are a reliable indicator of iron
content in the brain *'°. It is known that amyloid depositions co-localize with
iron accumulations. However, in autopsy material of AD patients, in addition
to amyloid deposition, neurofibrillary tangles as well as tau deficiency were also

1618 Tn addition to iron,

found to co-localize with neuronal iron accumulation
myelin and deoxy-hemoglobin also contribute to phase changes **. Although
the exact origin of the observed phase changes in AD is not completely clear,
these changes could have value for diagnostic purposes and as a biomarker.

Several issues need to be investigated further. From a practical perspective,
the 7T MRI contra-indications are very strict. As we experienced in our
research which started in 2009, many participants had to be excluded, because
they had for example stents, gall blather removal clips or implanted metallic
materials in their mouth. In the older population of the memory clinic these
kind of metallic implants in the body are very common and therefore form a
restriction to scan larger populations from the memory clinic. In the meantime,
alot of work has been done to solve this issue as multiple metallic implants have
been tested and have been shown to be safe in the 7T scanner. More metallic
implants are still being tested for safety. So concerning the 7T MRI contra-
indications aspect, 7T MRI will be applicable for many more memory clinic
patients in the near future.
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From a clinical perspective, it will be very important to investigate whether
our 7T methods are able to differentiate between different forms of dementias,
such as frontal temporal dementia, Lewy body dementia and vascular dementia.
AD and these other forms of dementia are in some cases hard to distinguish
based on the tools we use now in the clinic. So far, we have only investigated
(early stages of ) AD versus controls: however, for 7T MRI to become useful
in a memory clinic population, we have to investigate whether the changes we
found in AD are specific for AD or are also observed in other types of dementia.

With respect to detecting amyloid deposition in an early stage, we have
performed many exploratory studies. We did not find abnormalities in SCI
subjects as a group. However, because this is a very heterogeneous group in
which probably only 20% will develop AD, and multiple factors can contribute
to the presence of cognitive complaints, it is very difficult to interpret the
results and several explanations of our findings are possible. A longitudinal
study in SCI subjects, but also in amnestic mild cognitive impairment subjects,
should be performed to investigate the ability to detect AD pathology in an
early stage of the disease. Such a longitudinal study would also allow studying
the progression of the presumed pathology over time.

Besides our studies on AD, we also investigated HCHWA-D with the
purpose of developing better diagnostic criteria for the sporadic variant, sSCAA.
We demonstrated that by including cerebral microbleeds in the Boston criteria
for CAA the diagnostic performance of these criteria improved. However, the
ability to detect vascular amyloid depositsin these patients would be very helpful
to understand the disease process, might give more insight in the prognosis of
the disease and could aid in therapeutic trials. This would be beneficial for both
sCAA patients as well as HCHWA-D patients as there is still much unknown
about these diseases. As imaging methods using 7T improved over time and
we developed new methods to analyze 7T images based on AD, it would be
relatively easy to apply these same methods in HCHWA-D patients as well.
Moreover, with the higher resolution and sensitivity for iron, we might also
be able to detect smaller hemorrhagic lesions and in much more detail which
will give us a better insight into the pathological mechanisms of the disease. At
this moment, work on HCHWA-D using 7T MRI is in progress and results are
expected soon.
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