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Abstract

Amyloid imaging is currently on the verge of becoming a vital imaging biomarker for the diagnosis and progress-
monitoring of Alzheimer’s disease. It is a positron emission tomography (PET) imaging technique based on tracers
binding to B-amyloid plaques in the brain. These plaques are known to accumulate over time in the gray matter of
the brains of AD patients. Images acquired with an amyloid binding tracer can be difficult to interpret, especially
for cases showing an early stage of the disease. Also, precise quantification is challenging, because the cortical
gray matter can not be well delineated from the images. In this work, we present a software assistant targeted at
both qualitative and quantitative analysis of amyloid PET scans. It has been designed with the aim to be easy to
use and integrate well into clinical workflows, while at the same time providing solid quantitative results for use

e.g. in pharmaceutical trials.
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1. Introduction

Alzheimer’s disease (AD) is an epidemiologically highly
relevant neurodegenerative disease. It is the most common
type of dementia accounting for approximately 60% of all
dementias world-wide. The generally increasing life ex-
pectancy in the western world in combination with a highly
increased incidence of AD from the 65th year of life onward,
it is expected that by the year 2050 approximately one in 85
people will be affected by the disease globally.

Until now, there is no cure for the disease. However, re-
search on disease modifying therapies is being pushed heav-
ily with a variety of pharmaceutical studies and pre-clinical
trials currently being conducted. In order to assess the effi-
cacy of potential drugs, clinical or imaging biomarkers are
required. One such biomarker is provided by amyloid PET
imaging. B-amyloid plaques are known to play a critical role
in the process of cellular decline in the gray matter of brains
affected by AD. Accumulation of these plaques progresses
over time and is expected to begin already several years prior
to the onset of clinical symptoms. As a result, amyloid PET
imaging holds high potential in both early detection as well
as monitoring of the course of the disease.
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Currently, there are three Flour-18 labeled amyloid bind-
ing PET tracers in development. One of these is Florbetaben
(FBB), for which the software assistant presented here has
been optimized. Interpretation of images acquired with FBB
requires the reader to undergo thorough training in order to
learn and understand the image characteristics. The tracer
has a lipophilic character, which causes it to bind unspecif-
ically to white matter brain tissue. B-amyloid plaques how-
ever accumulate only in the cortical gray matter areas of the
brain. Consequently, for pathological cases the tracer will
also accumulate in the gray matter areas. The challenge with
reading such images lies in answering the question how far
the FBB-signal extends from the white matter into the cor-
tex. This question is relatively simple to answer for highly
pathologic case, where high signal is observed throughout
the brain. But for beginning cases this requires an experi-
enced reader to evaluate. Also, it requires some efforts to
draw quantitative measures from such images without the
use of specialized algorithms. These measures, however, are
essential for monitoring the progression of the disease and
eventual therapy response, i.e. during the course of clinical
trials.
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Figure 1: Several PET images acquired with Florbetaben. Extension of signal into the cortical areas rises from left to right,

reflecting the state of the pathology.

To facilitate this process, a statistical analysis method is
applied which is based on an approach initially developed
for the analysis of FDG-PET brain scans. Here, instead of
directly interpreting the PET image itself, the image is com-
pared to a normal template. A simple statistical z-test is per-
formed for each voxel of the image in question, which yields
the amount of deviation from the normal group in terms of
standard deviations. In the nuclear medicine community, this
is typically referred to as a z-score. Such resulting z-score
images can be either visualized using false colors for simpli-
fied qualitative interpretation, or they can be quantified over
regions-of-interest within the brain.

In this work, we present a software assistant which aims
to deliver

e a simple to use, workflow optimized tool for qualitiative
assessment, and

e a robust automated quantitative analysis for AD-relevant
brain areas

A brief technical description of the methods and the re-
sulting software is presented in the following sections.

2. Methods

For applying the method of statistical analysis presented
here, a normal template is required to which individual im-
ages can be compared to. We used 50 amyloid negative FBB
scans acquired as part of a clinical trial conducted by Bayer
Healthcare [BGD* 11] to create our template. These images
were registered into the MNI coordinate system, normalized
to standardized uptake value ratios (SUV-r), and averaged to
obtain a mean and a standard deviation image of the nor-
mal population. SUV-r normalization is done by normaliz-
ing all voxel intensities to the average intensity of cerebral
gray matter. Because all images are aligned in MNI space, an
anatomical atlas can easily be applied to identify the cere-
bellum and other regions of the brain. For this work, we
created a custom atlas based on the publicly available AAL
atlas [TMLP*02]. We have coarsened and partly modified
the regions labeled in AAL to better account for the image
resolution of the PET scans, while keeping anatomical key
regions of AD intact.

2.1. Image Processing

The image processing pipeline required for our analysis con-
sists of three steps. First, images need to be registered into
the MNI coordinate system on which the normal template
has been defined. Afterwards, image intensity values need to
be normalized such that the average SUV for the cerebellum
becomes 1.0. Finally, the transformed and normalized image
can be evaluated against the normal template to calculate a
Z-score map.

The challenge in image registration of amyloid PET scans
lies in robustly identifying the brain from the incoming PET
data. This is founded in the tracers characteristic of binding
to the white matter and extending into gray matter in patho-
logical cases only. This causes the primary difference be-
tween a positive and a negative scan to depend on the size of
the white matter print in the image. A naive registration algo-
rithm would try to compensate for this size effect, by either
shrinking or expanding the image. We have implemented an
image processing pipeline which robustly identifies the bor-
der between the skull and the brain in such scans, regard-
less of the presence of pathological tracer signal. The result-
ing ridge map is then used as a feature image for a linear
registration, effectively resulting in a very robust, automated
registration procedure. The algorithm has a running time of
approximately 25-30 seconds on standard PC hardware.

After the image has been aligned into MNI space, the
cerebellum can be extracted from the atlas. The histogram
of the underlying image data is analyzed to extract the mean
value of cerebellar gray matter, which is then used to nor-
malize the image.

Finally, the z-score map can be calculated by evaluating
for each voxel the difference between the mean of the nor-
mal template, divided by its standard deviation. The result-
ing values measure the deviation in terms of standard devia-
tions of an assumed normal distribution. Typically, a value of
2.5 or above is then considered to be a significant deviation
indicating a pathologically high tracer uptake.

2.2. Z-Score Quantification

Quantification of the z-score map is done based on an
analysis of the tracer uptake found in individual brain re-
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Figure 2: Schematic illustration of the surface projection algorithm.

gions. These regions have been defined by a neuroradiolo-
gist, based on the freely available AAL atlas. As the gran-
ularity of this atlas is too high to make precise statements
on the spatially low resolution of the PET scans, the regions
provided by AAL have been collapsed into 16 regions per
hemisphere. These new regions have been defined with the
known course of progression of the disease in mind, in order
to keep important areas intact.

Quantification of z-scores over these areas is done by
analysis of the underlying histogram of each region. We
evaluate different parameters, such as the 90% quantile, or
the percentage of voxels above the significance threshold. By
adjusting these values for the expected ratios of gray matter
to white matter, a regional z-score can be calculated. This in-
dicates the amount of amyloid-bound tracer uptake for each
region.

2.3. Surface Projection

For a more intuitive, qualitative assessment of an image,
we have implemented an algorithm which projects z-scores
from the cortical surface onto a 3D brain model. The ap-
proach is an adaption of the method proposed by [MFK*95].
The brain model has been extracted from the ICBM 152
brain template provided by MNI [ECM*93]. A separate
model has been created for each hemisphere. This allows
to also look at the cortical areas located at the inner side of
each hemisphere. Especially the medial parietal lobe located
there is known to be affected already during an early stage
of the disease.

The projection is calculated by sampling the z-score map
along the inverted surface normals of the 3D model. Sam-
pling is done using a cubic interpolation scheme along the
paths. For each normal, a ray is cast 15mm into the depth of
the brain. Along this path, a maximum intensity projection is
calculated and the resulting value is mapped as a color value
at the corresponding vertex. The algorithm is implemented
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on the CPU and runs less than one second for approximately
20.000 vertices of the brain model. In our application this is
not a time critical step.

Figure 2 illustrates the algorithm. On the left, the brain
model is shown with the surface normals and the triangular
mesh indicated, each for one hemisphere. The image on the
right side shows schematically in 2D how the resampling
along the inverted surface normals is performed.

The resulting 3D visualization mode is primarily meant
as way to gain a quick qualitative assessment of a case. The
brain can be rendered either in its original anatomy, reveal-
ing a view at the cortical surface, or in an exploded view of-
fering a look at the inner structures. For reporting purposes,
screenshots can be generated showing the whole brain from
different perspectives, thus allowing to see the complete cor-
tical surface in one view. The ease to grasp visualization of
results can potentially also be useful when discussing results
of an examination with the patient or his relatives.

3. Workflow and User Interface

The application has been designed with the aim of providing
an easy to use tool that should integrate well into established
clinical workflows. As such, a high degree of automation as
well as short overall processing times were given require-
ments. We have implemented a linear workflow consisting
of four steps, along which the user can step through a case.

The first step is the case- and study-manager. From here,
the user can open cases and define the actual image that
should be analyzed. If available, additional MRI or CT im-
ages can be defined for a case, although they are not required
to perform the analysis.

The second step serves as a quality check for the result
of the automatic registration. Two visualization modes are
offered to simplify judgment on the quality of the results. An
interactive widget is offered to correct the registration, for
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Figure 3: Results for one case showing an early stage of progression. While the SUV-r image to the left appears almost normal,
the z-score map clearly identifies a region with abnormally high tracer uptake. This area can be immediately identified in the

3D surface projection shown to the right.

cases, where a suboptimal registration result was achieved
automatically. During our evaluation, this affected less than
5% of all cases (150 cases in total).

The third step serves for the actual analysis. It provides
synchronized 2D viewers showing both the SUV-r image and
the z-score map as color overlays over either the patients
MRI, or a template MRI. Additionally, the 3D viewer can be
activated showing the surface projection rendering. For in-
teraction, the user has the option to toggle different atlas vi-
sualization modes and switch between voxelwise or regional
quantification. A tool for manually delineating ROIs will be
added in a future version, following requests from a small
user evaluation.

Finally, the fourth step is used for reporting the results
of the analysis. A table with all quantitative measures is au-
tomatically generated and added into a reporting template
along with a set of automatically generated screenshots.
Here, the user has the option to type in his diagnosis and
findings. The reporting system has been implemented using
HTML templates, which can easily be adapted to the custom
style e.g. that of a certain clinical site.

4. Results

The software was used to evaluate 150 cases from Bayer’s
phase-II study for Florbetaben. The results of a z-score read-
ing by four non-expert readers, as well as one neuroradiolo-
gist were compared with published results. Compared to the
clinical diagnosis (obtained from neurological exams), the
amateurs achieved sensitivity and specificity values compa-
rable to those of the experts, partly even surpassing them.
Further evaluations are currently being performed. Also, a
usability workshop has been scheduled, where experts from
the field of nuclear medicine are invited to provide feedback
on the overall usability of the software and the quality of the
analysis.

There are a number of missing features that have already
been requested by users. These mostly address options for
a more flexible definition of finding results, by means of
adding custom screenshots or manual delineations of ROIs.
Also, there is still room for improvement with the registra-
tion, especially for highly atrophic cases often seen during
later stages of the disease. However, the overall feedback re-
ceived so far has been overwhelmingly positive. Especially,
the combination of ease of use with detailed, quantitative re-
sults has been highlighted by all users so far.
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