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ABSTRACT

Cerebral microbleeds are small bleedings in the human brain, detectable with MRI. Microbleeds are associated
with vascular disease and dementia. The number of studies involving microbleed detection is increasing rapidly.
Visual rating is the current standard for detection, but is a time-consuming process, especially at high-resolution
7.0 T MR images, has limited reproducibility and is highly observer dependent. Recently, multiple techniques
have been published for the semi-automated detection of microbleeds, attempting to overcome these problems.

In the present study, a 7.0 T dual-echo gradient echo MR image was acquired in 18 participants with microb-
leeds from the SMART study. Two experienced observers identified 54 microbleeds in these participants, using
a validated visual rating scale.

The radial symmetry transform (RST) can be used for semi-automated detection of microbleeds in 7.0 T MR
images. In the present study, the results of the RST were assessed by two observers and 47 microbleeds were
identified: 35 true positives and 12 extra positives (microbleeds that were missed during visual rating). Hence,
after scoring a total number of 66 microbleeds could be identified in the 18 participants.

The use of the RST increased the average sensitivity of observers from 59% to 69%. More importantly,
inter-observer agreement (ICC and Dice’s coefficient) increased from 0.85 and 0.64 to 0.98 and 0.96, respectively.
Furthermore, the required rating time was reduced from 30 to 2 minutes per participant. By fine-tuning the
RST, sensitivities up to 90% can be achieved, at the cost of extra false positives.
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1. INTRODUCTION

Interest in cerebral microbleeds has been increasing rapidly in the past years and the number of studies involving
microbleed detection is still growing. Microbleeds are small spherical lesions that are visible as hypointensities
on gradient echo MR scans. Studies showed that microbleeds are associated with cerebrovascular disease and
dementia.»»?3 The current standard for microbleed detection is visual rating with validated visual rating scales,
such as the Microbleed Anatomical Rating Scale (MARS) or the Brain Observer MicroBleed Scale (BOMBS).%:®
However, visual rating is known to be time-consuming, has limited reproducibility, and is highly observer de-
pendent. The challenges for visual rating are most evident for high resolution scans obtained at high field
strength.®

The recent introduction of semi-automated techniques for microbleed detection is likely to overcome these
problems. These techniques detect potential microbleed locations and present them to an observer to iden-
tify true microbleeds and censor any false positives. The detection of potential microbleed locations in these
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(a) First echo (b) Second echo
Figure 1: A typical slice of a 7.0 T dual-echo gradient echo MR scan, showing the first and second echo. The
arrows annotate the same microbleed in both figures.

methods is performed with different image processing techniques, including a unified segmentation-normalization
approach,” a combination of statistical thresholding and a support vector machine supervised learning classifier
on susceptibility weighted images,® and the radial symmetry transform (RST).? The sensitivity of these tech-
niques ranges from 50%7 to 82%°% and the time required to censor false positives ranges from 2° to 157°8 minutes
per scan.

Of these techniques, the RST has been applied on high resolution 7.0 T dual-echo gradient echo MRI scans
that have a high susceptibility for microbleed detection. However, the visual detection of microbleeds on these
scans is difficult owing to the high number of slices, the smaller size of microbleeds, and the fact that other small
structures are also visualized at high field strength.

In this study, we assess the performance of the RST as a tool for semi-automated microbleed detection on
7.0 T scans, and the performance of observers with and without support by the RST.

2. METHODS AND MATERIALS
2.1 Participants

For this study, 18 participants (mean age: 60 years, sd: 13 years; 15 men and 3 women) with microbleeds
were included from the Second Manifestations of ARTerial disease (SMART) study.!® The objectives of the
SMART study are to determine the prevalence of vascular risk factors and concomitant arterial disease and to
study the incidence of future cardiovascular events and its predictors in patients newly referred to our hospital
with atherosclerotic disease. The SMART study and the 7.0 T imaging were approved by the Medical Ethics
Committee. Written informed consent was given by all participants. Of the 18 participants, 6 were included
with diabetes mellitus, 4 with cerebrovascular disease, 2 with coronary artery disease, 2 with peripheral artery
disease, 1 with hypertension, and 3 with other vascular risk factors or disease.

2.2 MRI acquisition

MRI acquisition was performed as described previously by Conijn et a on a 7.0 T whole-body system (Philips
Healthcare, Cleveland, OH). A dual-echo gradient echo sequence was acquired (first TE: 2.5 ms, second TE:
15.0 ms, TR: 20.0 ms) and the images were reconstructed to 0.35 x 0.35 x 0.30 mm?®. A typical transversal slice
of a high-resolution 7.0 T scan is shown in Figure 1.
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Figure 2: a) Enlargement of the microbleed shown in Figure 1b. b) Gradient information is computed as part
of the RST. ¢) Final output of the RST, highlighting the center voxel of the microbleed. Thresholding on this
final output results in potential microbleed locations.

2.3 Visual rating of microbleeds

All scans were independently and visually scored by two observers (observers 1 and 2), both neuroradiologists
with more than 20 years of experience, as part of a previous study.'?> Rating was performed according to the
MARS, using minimal intensity projection post-processing of both echo times of the scan. The observers were
blinded to all other clinical information. The lesions on which the two observers disagreed were discussed in a
consensus meeting to obtain a final score. In case of discordance, an additional observer was consulted.

2.4 Radial symmetry transform

The RST is an image processing technique that is originally used to highlight circular objects in 2D images. It has
numerous medical and non-medical applications, including the detection of nuclei in H&E stained breast cancer
biopsy images, detection of the sternum for costal cartilage segmentation, and the detection of eyes in pictures
of human faces.'® %15 A 3D version of the RST was implemented to detect potential microbleed locations in
7.0 T dual-echo gradient echo MR images.? The procedure is illustrated in Figure 2.

Full details of the procedure are described by Loy et al. and Kuijf et al.%!® In short, the procedure that is
computed for both echoes of a dual-echo 7.0 T scan is: 1) compute 3D gradient information at a certain scale,
2) for every voxel, “count” the number of neighboring voxels within some radius, where the gradient direction
of that voxel “points” towards the current voxel (see Figures 2a and 2b), and 3) combine the output of the first
and second echo.

The center voxel of any spherical object in the scan will receive a high value and thresholding the output
will result in potential microbleed locations. Two parameters are involved: threshold 6; on the first echo and
threshold 65 on the second echo.

2.5 Experiments

Optimal settings for §; and 63 were defined in a previous study.'® Two human observers (observers 3 and 4, not
involved in the original visual rating) each censored all potential microbleed locations detected by the RST using
a dedicated tool with a user-friendly interface developed in MeVisLab (MeVis Medical Solutions AG, Bremen,
Germany'7”). A meeting was held to obtain consensus for the cases on which the two observers disagreed and an
additional observer was consulted in case of discordance.

Microbleeds detected by the RST that were not in the original visual rating were added to the ground truth
if both observers confirmed them as true microbleeds in the consensus meeting. This improved the ground truth
and gave a fair comparison of the sensitivities of human observers versus the RST.



3. RESULTS

In total, 54 microbleeds were found to be present in the 18 participants after the consensus meeting of the
visual ratings. Of those microbleeds, 25 were detected by both observers, 9 only by observer 1, 19 only by
observer 2, and 1 microbleed was initially not detected by one of the observers, but was detected during the
consensus meeting. Both observers identified additional lesions that were rejected as microbleeds during the
consensus meeting: 4 were found by observer 1 and 18 by observer 2. Based on these numbers, observer 1 has
a sensitivity of 63%, observer 2 has a sensitivity of 81%, the intra-class correlation coefficient (ICC) is 0.85, and
Dice’s coefficient is 0.64.

The RST identified 353 (mean+sd: 20+12) potential microbleed locations: 35 true positives (microbleeds
present in the visual rating), 309 false positives, and 12 extra positives that were not present in the visual rating,
but were marked by the RST and confirmed as true microbleeds by observers 3 and 4. Of the 47 detected
microbleeds, 43 were identified by both observers, 3 only by observer 3, and 1 only by observer 4. Both observers
identified one location as microbleed that was rejected in the consensus meeting.

In total, 66 microbleeds (54 original visual rating, 12 additional after RST) were detected and the final results
are shown in Table 1. ICC of observers 3 and 4 after using the RST is 0.98 and Dice’s coefficient is 0.96.

Visual rating required on average 30 minutes per participant per observer. RST supported visual rating
required much briefer rating times. Observer 3 required 43 minutes to censor all detected microbleeds (2.5+1.5
minutes per participant; 7.943.3 seconds per detected location), observer 4 required 28 minutes (1.54+1 minutes
per participant; 5.1£2.2 seconds per detected location).

As explained in the Methods section, the RST depends on two parameters: #; and 63, which were set at -20
and -100, respectively. Both parameters have negative values, since the RST returns negative values for dark
spots, as can be seen in Figure 2c. Varying these parameters influences the results, as shown in Figure 3.

By allowing more false positive locations to be detected, which need to be censored manually, the sensitivity
of the RST can achieve 90%. It is expected that additional extra positives will be found for combinations of 6;
and 6, that allow extra locations to be detected.

4. DISCUSSION

The present study is the first that examined the performance of observers using tools for semi-automated mi-
crobleed detection. Using the RST, the inter-observer agreement improved, as can be seen from the increment
in ICC (from 0.85 to 0.98) and Dice’s coefficient (from 0.64 to 0.96). This will probably reduce the time required
for consensus meetings, and improve rating reliability and reproducibility.

It must be noted that a bias might be present in the constructed ground truth. After the initial visual
rating, the two observers (1 and 2) discussed the lesions they disagreed on in a consensus meeting with a third
observer and finally 54 microbleeds were identified. The RST detected an additional 12 microbleeds, identified
by observers 3 and 4, that were added to the ground truth rating, resulting in a total of 66 microbleeds. The
inclusion of microbleeds detected by the RST causes a bias in the results with regards to the sensitivity of the
method. However, any visual rating of microbleeds on 7.0 T images will not result in a ground truth rating that

Table 1: Sensitivity of the visual rating (observers 1 and 2), the RST, and observers 3 and 4 when censoring the
results of the RST. A total of 66 microbleeds was present in the images.

#TP #FP #FN Sensitivity

Observer 1 34 4 32 51%
Observer 2 44 18 22 67%
Observers 1+2 53 0 13 80%
RST 47 309 1 1%
Observer 3 46 1 20 70%

Observer 4 44 1 22 67%
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Figure 3: a) Average number of false positive locations per participant detected as a function of 6; and 6. b)
Sensitivity of the RST as a function of 8; and 2. ¢) FROC curve, where each point corresponds to a combination

of 61 and A3 and the solid line indicates the optimal combinations.

can be considered the gold standard, but rather as a “silver” standard, owing to the difficulties involved with
visual rating.%'2 The inclusion of extra microbleeds into the ground truth will improve the ground truth and
give a fair comparison of the sensitivities of human observers and automated methods.

The increase in inter-observer agreement is explained by the fact that the RST directs the attention of
all observers to the same potential microbleed locations. This reduces the effect of the individual detection
strategy that each observer applies during visual detection. Although normal visual detection is performed with
standardized visual rating scales, which also improve the inter-observer agreement, individual differences between
observers are still present. Semi-automated techniques reduce — but do not fully eliminate — these individual

observer differences.



Some differences between observers are still present with the use of semi-automated techniques, although to
a minimal extent. These differences are caused by the subjectivity that is involved in the rating of microbleeds.
There is a standardized definition of true microbleeds, but censoring so-called microbleed mimics is a difficult
and subjective task. Therefore it is unlikely that an inter-observer agreement of 1 is ever achieved, even with
the use of semi-automated techniques. The final decision if a potential microbleed location is a true microbleed
is still the responsibility of the medical expert.

Censoring false positives required on average 2 minutes per participant by an experienced observer, as com-
pared to 30 minutes for full visual rating of microbleeds. This is a significant reduction in time that allows
observers to rate more participants in a given amount of time and enables the inclusion of larger patient cohorts
in research studies. Furthermore, the improved inter-observer agreement shortens the time required for consensus
meetings, since fewer potential microbleed locations have to be discussed.

The sensitivity of the RST is limited, but higher than that of individual observers who are not supported by
the RST. In situations where only a single observer is assessing all scans, applying the RST would be useful to
achieve a higher sensitivity. By altering parameters of the RST, the sensitivity can be increased up to 90% at
the cost of more false positive locations, and hence increasing the rating time. As can be seen in Figure 3c, an
increase of 10% in sensitivity will result in five times as many false positives. This requires about ten minutes
to censor the false positives, which would still be significantly less than the time required for a full visual rating
on 7.0 T images.

Future research will focus on reducing the number of false positives, allowing individual observers to achieve
a sensitivity that cannot be reached without using semi-automated techniques. As inter-observer agreement
increases when using the RST, the need for censoring by multiple observers might then become superfluous.

5. CONCLUSIONS

The use of semi-automated techniques for microbleed detection improves rater performance, results in a higher
inter-rater agreement, and significantly reduces the required rating time.
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