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ABSTRACT

Cerebral microbleeds have recently received an increased inter-
est, because they appear to be markers of increased risk of vascu-
lar events and dementia. Detection and scoring of microbleeds cur-
rently requires extensive manual evaluation and hence is very time-
consuming. The rating time may be significantly decreased by au-
tomated detection of microbleeds using the radial symmetry trans-
form. The goal is to automatically detect cerebral microbleeds in
high-resolution MR brain scans, while reducing the number of false
positives that need to be removed afterwards by a human rater. A
proof of principle experiment was performed and evaluated with two
participants of whom cerebral microbleeds were scored by human
raters. As an indication of what the proposed method may accom-
plish, the experiment showed that human rating time reduced from
30 to 1.5 minutes per participant.

Index Terms— cerebral microbleeds, radial symmetry trans-
form, 7.0T brain MRI

1. INTRODUCTION

In recent years, there has been an increasing interest in cerebral mi-
crobleeds. They are seen as a distinct entity from larger hemorrhage.
Cerebral microbleeds are associated with hypertensive vasculopa-
thy, white matter hyperintensities and lacunar infarcts, and they are
a key MRI marker of cerebral amyloid angiopathy [1, 2, 3, 4]. Mi-
crobleeds consist of hemosiderin deposits [5] that are paramagnetic
and cause a local field inhomogeneity surrounding the microbleed
in the magnetic field of an MR. They are visualized as round, hy-
pointense spots using a T2*-weighted gradient-recalled echo (GRE)
MR sequence. Cerebral microbleeds are usually defined as having a
diameter ranging from 2 to 10 mm [6], because the used 1.5T or 3.0T
scan resolution does not permit detection of smaller microbleeds.
To date, cerebral microbleeds are visually detected on MR scans
(typically 576 x 576 x 333 voxels). It takes a single rater about 30
minutes to detect all cerebral microbleeds in a single high resolution
(7.0T) MR scan, given the difficulty of distinguishing microbleeds
from the large amount of visible vessels. Although (semi-)automated
detection of cerebral microbleeds is likely to reduce rating time sig-
nificantly, no successful reports have been published yet. In this
study we have performed a proof of principle experiment to inves-
tigate the possibility of automatically detecting all candidate micro-
bleed locations from an MR brain scan, by means of a method based
on the radial symmetry transform. The goal is to develop a system
that has a very high sensitivity, while minimizing the number of false
positives. Subsequently, only the false positives will have to be re-
moved by the rater(s), which will reduce the rating time significantly.
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2. METHODS AND MATERIALS

2.1. Participants

For this study, two participants (age: 61 and 71 years) with micro-
bleeds and no other brain pathology (like infarcts) were included
from the second manifestations of arterial disease (SMART) study
[7]. The objectives of the SMART study are to determine the preva-
lence of vascular risk factors and concomitant arterial disease and to
study the incidence of future cardiovascular events and its predictors
in these high-risk patients. The SMART study and the 7.0T imaging
were approved by the Medical Ethics Committee. Written informed
consent was given by the participants.

2.2. MRI

MRI scans and post-processing were performed as described previ-
ously by Conijn et al. [8], on a 7.0T whole-body system (Philips
Healthcare, Cleveland, OH). A dual echo T2*-weighted sequence
was acquired, with echo times of 2.5 ms for the first echo and 15.0
ms for the second echo. The repetition time was 20 ms. A flyback
gradient was applied between the first and second readout. Sensitiv-
ity encoding (SENSE) was applied in the RL direction. The images
were reconstructed to 0.35 x 0.35 x 0.3 mm® voxels and the built-
in phase correction, partial-echo filter, and homogeneity correction
of the MR system were applied during reconstruction. A typical
transversal slice of a high-resolution 7.0T is shown in Figure 1.

2.3. Visual rating of microbleeds

Both scans were visually scored a total of eight times (twice by four
trained raters with experience in microbleed rating), using minimal
intensity projection post-processing of both echo time images simul-
taneously. Processed images with a slab thickness of 2mm (no over-
lap), and images with a slab thickness of 4mm and a -2mm gap be-
tween the slices (2 mm overlap) were used for both scans. Micro-
bleeds were defined as black, round lesions on the first or second
echo image. If such lesions were visible on the first echo image, but
were not larger on the second echo image, they were not scored as
microbleeds, because of the missing blooming effect. Lesions were
distinguished into possible or definite microbleeds, according to the
Microbleed Anatomical Rating Scale (MARS) [9]. The scoring time
for each scan per rater was recorded and averaged. The average scor-
ing time was 31 minutes for participant 1 and 29 minutes for partic-
ipant 2.

A lesion on a particular location was labeled as a definite micro-
bleed for the ground truth rating if it had been labeled as such on at
least 5 of the 8 ratings. Lesions that had been marked as definite mi-
crobleeds on 4 or less of the 8 ratings were examined in a consensus
meeting and included or excluded as ground truth rating based on

ISBI 2011



(a) First echo

(b) Second echo

Fig. 1. A typical slice of a 7.0T T2*-weighted MR scan, showing the first and second echo. The arrows annotate a microbleed.

(b) Zoom of second echo

(a) Zoom of first echo

Fig. 2. Zoom on the microbleed of the first and second echo shown
in Figure 1.

majority voting. Participant 1 had 2 microbleeds in the ground truth
rating, which were observed 6 and 7 times respectively by the human
raters. Participant 2 also had 2 microbleeds in the ground truth rat-
ing, which were observed 7 and 8 times respectively. A microbleed
present in the ground truth rating is shown in more detail in Figure
2.

The location of each microbleed was stored in a list, together
with the number of times it was detected. This list was used in order
to quantitatively evaluate our automatic method.

2.4. Radial symmetry transform

For the automatic detection of possible microbleeds, we imple-
mented a 3D version of the radial symmetry transform as described
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(a) Sobel operator (b) Radial symmetry transform

Fig. 3. Output of the Sobel operator and the radial symmetry trans-
form on the first echo of the microbleed shown in Figures 1 and 2.
The n in 3(a) shows a possible radius from the set N. When using
smaller or larger n, the radial symmetry contribution does not sum
up in a single voxel.

by Loy and Zelinsky. [10] The radial symmetry transform is a
technique that utilizes local radial symmetry to highlight points of
interest in an image.

The choice for a radial symmetry transform is derived from the
properties of a cerebral microbleed on the MR scan. The actual
hemosiderin deposit is very small [5], so it is safe to assume that the
hemosiderin deposit is contained within a single voxel of the MR
scan. The blooming effect of the microbleed, influenced by the echo
time, is of equal strength in all directions, which creates a spherical
hypointense spot in the scan. This perfectly fits into the concept of
the radial symmetry transform.

The proposed method uses image gradients and orientations to
infer the center of mass of each spherical object in the scan. The MR
scans are preprocessed to normalize the gray-values into the same



Table 1. Results of the radial symmetry transform. « is the radial strictness parameter and /3 the gradient threshold. 7" is the automatically
determined threshold that keeps the true microbleeds in the results and #FP shows the number of false positives for participants 1 and 2, which

needed to be removed by the human rater.

B =25% B =5.0% B="175% B =10.0%
o T #FP1 #FP2 T #FP1 #FP2 T #FP1 #FP2 T #FP1 #FP2
1 -115 26 29 -115 26 29 -114 27 28 -114 23 28
2 50 9 6 -50 8 6 -50 7 6 -50 7 7
3 23 7 6 23 7 6 -23 6 4 22 6 4
4 -8 22 12 -8 20 11 -8 14 9 -8 9 7

range and the gradient information is computed using a 3D Sobel
operator of size 3 x 3x 3 voxels. To remove all responses of the trans-
form in non-brain tissues, we used the Brain Extraction Tool (BET)
[11] to create a brain-mask. The results of the BET were inspected
visually to verify the correctness on the scans, but no manual correc-
tions were needed. The result of the radial symmetry transform is
mainly determined by three parameters: a set /N of radii at which to
compute the radial symmetry, the radial strictness parameter «, and
the gradient threshold 3 (see [10] for details).

The set of radii contains all radii of the microbleeds that can be
present in the scan. Careful inspection of the individual microbleeds
detected by the raters showed that the diameters range from approx-
imately 0.7 to 2.8 mm. This corresponds with radii ranging from
1 to 4 voxels. Therefore, we choose our set /N to include the radii
{1...2} with a step size of 0.25 and the radii {2...4} with a step
size of 0.5. These step sizes were chosen to account for possible par-
tial volume effects, which can have a large influence on the results
in small microbleeds.

The radial strictness parameter « defines how strictly radial (or,
in our case, spherical) the transform must be to return a high value.
A value of 2 for « is suggested [10], so in our experiments we varied
« to range from 1 to 4, with a step size of 1.

The gradient threshold S eliminates elements with small gradi-
ent magnitudes, because these result in less reliable orientations. We
chose B tobe 2.5%, 5%, 7.5%, or 10% of the highest gradient magni-
tude present in the image. These low values already eliminated a lot
of noise and small variations in the scan, which did not correspond
to microbleeds.

For each combination of o and 3, the sum of radial symmetry
contributions for each radius n € IV at both echoes were computed
separately. The gradient is calculated pointing from hypointense to
hyperintense, so the output image S has positive values correspond-
ing to bright spots and negative values corresponding to dark spots.
An example of this is shown in Figure 3. In our datasets, microbleeds
appear as dark, hypointense regions, so we ignored all positive val-
ues in S. The microbleeds were present at the same location in both
echoes, so all locations that had a local minimum in S of the first
and second echo were considered possible microbleed locations.

2.5. Experiments

In the experiments that were performed, the number of false pos-
itives present in the results was assessed together with the time a
human rater required to visually indicate the false positives.

The radial symmetry was computed for each combination of
« and B on both echoes for both participants. For the output im-
ages S, a single optimal threshold 1" was determined automatically
to extract all minima for both participants that might correspond
to microbleeds. As the location of the true microbleeds is known,
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it was possible to ensure that the applied threshold preserves the
true microbleeds in S for both participants. Non-minimum suppres-
sion within a 3-voxel neighborhood was applied to remove multiple
minima close to each other, and the number of false positives was
counted on the resulting image.

For the optimal setting of o and 8 (with the least false posi-
tives), one rater was presented .S after thresholding with 7" and non-
minimum suppression. For each detected location, the rater visually
annotated if it was a definite microbleed. The rater was blinded for
the original rating of the scans and the time it took to filter out the
false positives was recorded.

3. RESULTS

The values in Table 1 show the number of false positives that had to
be removed by the human rater after setting 7", grouped per (3 value.
Setting « too low (a = 1) or too high (« = 4) resulted in many
false positives; the optimal value for o was 3. Varying 8 did not
have a large influence on the results, the optimal value was 7.5%. A
value of 10% was not chosen, as this increases the chance on false
negatives. The optimal threshold 7" with the chosen « and 3 was
-23.

For the optimal setting (o« = 3, 8 = 7.5% and T = —23),
the results were presented to a human rater who required 1.5 and 1
minutes to remove all false positives in the results of participant 1
and 2, respectively.

4. DISCUSSION

Detecting all potential cerebral microbleeds using the radial sym-
metry transform on 7.0T MR scans, with a relatively low number of
false positives, seems feasible. Given the large variety of locations in
the brain at which a microbleed can occur, together with the effort it
takes to visually detect microbleeds reliably, the automatic method
showed a large reduction in rating time. Not all microbleeds were
detected by all raters during the ground truth rating (mean number
of detections is 7 out of 8), whereas the automatic method did detect
all microbleeds. Therefore, the chance of a human rater accidentally
missing a microbleed is reduced and the reliability of microbleed
detection will increase with our semi-automated method.

The fact that a cerebral microbleed is visible on exactly the same
location in the first and second echo of the dual-echo T2*-weighted
MR scan was used. The advantage of having a second echo avail-
able rules out a large number of false positives, which correspond to
noise and other structures that have some radial symmetry but are no
microbleeds. However, previous work by Conijn et al. [8] showed
that 15,4% of the microbleeds are not visible on the first echo and
1.9% are not visible on the second echo. This could be a problem



when applying this method to more participants. On the other hand,
the microbleeds that were missing on one of the echoes were very
small: their mean diameter is 0.78 4+ 0.18mm on the second echo.
This makes it hard for a human rater to detect those microbleeds. In
most other studies, such small microbleeds were even ignored [6].

The size of the microbleeds, ranging from 0.7 to 2.8 mm in di-
ameter, is larger than the voxel size of 0.35 x 0.35 x 0.3 mm?,
which gives rise to an appreciable partial volume effect. Some small
microbleeds can consist almost completely of partial volume voxels,
which is illustrated in Figure 2. This problem is taken care of by the
step size used in the set of radii V. Using a larger step size on small
microbleeds increased the chance that a true microbleed is missing in
the results, inasmuch as the radial symmetry contribution might not
add up in a single voxel. Larger microbleeds are not hampered by
this issue, as they already have a larger and more distributed radial
symmetry contribution by definition. The set of radii N can easily
be extended to allow detection of larger microbleeds.

Varying /3 did not have a significant effect on the results. If 5
is set to higher values, the output of the Sobel operator at the mi-
crobleed locations might not exceed the § value, resulting in false
negatives. If 3 is set too low, noise in the image will not be filtered
out, resulting in many false positives. However, our results showed
that 3 is quite robust, as varying it within reasonable limits did not
influence the results. Inspection of the false positives showed that
they occur mostly within blood vessels. Blood vessels are round and
elongated structures that are curved by nature. At points of high cur-
vature, there can be sufficient radial symmetry contribution in the
accumulator space of the transform to be falsely detected as a micro-
bleed.

Varying o did have a large influence on the results, as was also
suggested by the original method [10]. A value of 1 is too low, as
it allows for bilateral symmetry and not strictly radial symmetry.
Values of 4 and above, allowing only strictly radial symmetry, are
too high. Because of the earlier mentioned partial volume effect, a
microbleed is not perfectly spherical in an MR scan, so requiring
strictly radial symmetry is not appropriate. The values of o and 3
do not need to be changed for other patients, as their values are rela-
tively stable.

Choosing a value for the threshold 7' was done automatically,
based on the ground truth rating that was available for both scans. T’
was automatically chosen in such a way that all true positives in the
scans were preserved. However, this is only based on the two used
scans, which does not guarantee that this is a robust value for 7" that
will work on other scans as well. This pilot study will be extended to
evaluate the feasibility of applying the radial symmetry transform to
detect potential microbleeds, in order to turn this proof of principle
into a general microbleed detection method.

5. CONCLUSION

In this proof of principle we showed that it is feasible to use the
radial symmetry transform on high-resolution brain MR images to
semi-automatically detect cerebral microbleeds. The profit in rating
time for our method is considerable, as it was reduced from 30 to 1.5
minutes compared to visual rating.
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