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Abstract

Thrombus localization is valuable both in treatment selection for ischemic stroke patients
and downstream tasks such as extracting thrombus characteristics. We propose the z-xy
method, a potentially faster alternative to patch-based thrombus localization. z-xy consists
of two networks: find-z which identifies the axial slice containing the thrombus, and find-xy
that locates the thrombus in that slice. Additionally, we use lesion masks in two ways: (1)
to identify and omit the healthy hemisphere; and (2) as potential input to the networks.
We compare z-xy to a state-of-the-art patch-based method, nnDetection. Both methods
are evaluated on: (1) thrombus localization and (2) a downstream task that depends on lo-
calized thrombus points - thrombus segmentation. The z-xy method performs best without
the input lesion mask, with an inference time of 30 seconds per case, an average Euclidean
error of 8.2 mm, and a Dice of 0.74 for thrombus segmentation. nnDetection is two times
slower than z-xy but has an error of 6.3 mm. However, this difference in Euclidean error
leads to only a minor improvement in Dice for nnDetection (0.74 ± 0.04 vs 0.77 ± 0.04).
Our findings indicate that z-xy is a time-efficient alternative to patch-based methods for
thrombus localization, particularly in time-sensitive clinical settings of stroke.
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1. Introduction

Ischemic stroke occurs when an artery in the brain is occluded, usually by a thrombus.
Stroke can potentially result in severe neurological deficits or even death. Rapidly removing
the occluding thrombus is critical, because each passing minute can result in the death of
over two million neurons (Desai et al., 2019). Automatically localizing thrombi is useful for
two main reasons: first, it aids in stroke diagnosis and treatment management, and second,
it improves downstream tasks such as thrombus segmentation by narrowing the region of
interest (Mojtahedi et al., 2022). Thrombus segmentation is valuable because it is necessary
for calculating imaging characteristics such as thrombus volume and perviousness, which
correlate with stroke outcomes (Dutra et al., 2019; Santos et al., 2021).

In order to localize thrombi, spatial context is needed to trace the cerebral arteries and
pinpoint the occlusion. However, full high-resolution CTA scans, which are required to
detect thrombi, often exceed GPU memory during training. A common solution to this
hardware limitation is to use patch-based methods, such as nnDetection (Baumgartner
et al., 2021). However, these methods can be slow due to the large number of overlapping
patches that must be processed. Here, we propose a potentially faster alternative that uses
problem-specific context and ischemic lesion masks to limit the search area.
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2. Methods and Materials

Our approach outputs the 3D-coordinates of a point on the thrombus. We first identify and
omit the healthy hemisphere using automatically generated ischemic lesion masks. Next,
the find-z network identifies an axial slice containing the thrombus (z-coordinate) on CTA,
and the find-xy network estimates the thrombus’s x and y coordinates within that slice.

Experiments: We compare the accuracy and speed of our approach with nnDetection (Baum-
gartner et al., 2021), a state-of-the-art medical object localization method.

• Input ablation: We investigate if adding ischemic lesion masks as input improves
results by training both nnDetection and the find-z and find-xy networks with two
input configurations: (1) CTA scans + lesion masks and (2) CTA scans alone.

• Downstream task: To understand the impact of inaccuracies in thrombus localization,
we evaluate the resulting point estimations in a downstream task of thrombus seg-
mentation. We use the thrombus segmentation method proposed by Mojtahedi et al.
(2022), which requires thrombus points to limit the segmentation region of interest.
We compare segmentations generated using thrombus point estimates of each method
to those generated based on ground-truth thrombus points.

Data: Our dataset contains 1595 patients with large vessel occlusions who have baseline
NCCT and CTA scans from Koopman et al. (2022). The scans are registered to an atlas and
resampled to 512 voxels in the sagittal and coronal axes. Ground truth thrombus location
points are generated by StrokeViewer, a commercially available software. Lesion masks are
created using an in-house-trained nnU-Net that uses co-registered NCCT and CTA scans to
generate baseline infarct core and penumbra masks. We use 1350 cases for training, 50 for
validation, and 195 for testing, ensuring similar percentages of ICA, M1, and M2 occlusions
in each set.

z-xy method: Both find-z and find-xy networks are 3D ResNet18 architectures. They
analyze one axial slice at a time. To provide them with more context, four slices before and
after the target slice are also provided as input, resulting in an input size of [Batch size × 9
× 512 × 512]. The find-z network estimates the probability of the input slice containing a
thrombus. It is trained with binary labels (1 for thrombus, 0 for none) and weighted cross
entropy loss (wpositive = 100). To further alleviate the class imbalance problem, during
training, we soften the labels by marking the two slices above and below the ground truth
point as positive. During inference, the network analyzes all slices, and the slice with the
highest probability is selected. The find-xy network estimates the thrombus’s (x, y) location
coordinates in the selected slice. It is trained using MSE loss.

nnDetection: nnDetection is trained on one fold with the same train/validation split as
z-xy, using atlas-registered and resampled scans. Ground truth is prepared similar to Brug-
nara et al. (2023). During inference, the center of the bounding box with the highest
confidence is extracted as the thrombus point. We report nnDetection results both with
and without test time augmentations (TTA), with the later having a shorter inference time.

Metrics: Inference time per case is the average time for preprocessing and generating
outputs across 10 test cases, using a single NVIDIA Tesla V100 GPU with 32 GB memory.
Registration and resampling time is not included, as it is used in all methods. Euclidean
error refers to:

√
(xgt − xe)2 + (ygt − ye)2 + (zgt − ze)2 (gt: ground truth and e: estimated

point). Dice and Surface Dice (Nikolov et al., 2018) are reported for thrombus segmentation.
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3. Results

Results in Table 1 show that with TTA (default settings), the best nnDetection (Exp 4)
achieves a lower Euclidean error than the best z-xy (Exp 1), but it is also about 11 times
slower. Interestingly, disabling TTA in nnDetection not only significantly improves its speed
but also reduces its error. Adding lesion masks increases the error in the z-xy method but
provides a slight improvement for nnDetection. The difference in Euclidean error between
the best performing z-xy (Exp 1) and nnDetection (Exp5) is 1.9 mm. However, even without
TTAs, z-xy is still twice as fast as nnDetection. Furthermore, in the down-stream task of
thrombus segmentation, the higher accuracy of nnDetection results in only 4 % increase in
Dice (0.74± 0.04 compared to 0.70± 0.04).

Table 1: Results of thrombus localization and thrombus segmentation, ± 95% confidence
intervals. TTA: test time augmentation, mask: baseline ischemic lesion masks.

Exp Method Inputs
Inference Time

(min:s) ↓
Euclidean

error (mm) ↓ Dice ↑ Surface Dice ↑

1 z-xy CTA 0:30 8.2± 1.1 0.74± 0.04 0.80± 0.04
2 z-xy CTA+mask 0:40 11.0± 0.9 0.66± 0.05 0.72± 0.05

3 nnDetection CTA 4:00 6.9± 1.4 0.74± 0.05 0.80± 0.05
4 nnDetection CTA+mask 5:33 6.6± 1.3 0.75± 0.04 0.82± 0.04
5 nnDetection no TTA CTA+mask 1:09 6.3± 1.2 0.77± 0.04 0.84± 0.04

4. Discussion

The z-xy method is considerably faster in localizing thrombi than nnDetection. Although
z-xy results in a larger Euclidean error than nnDetection, this error has minimal impact
on the down-stream task of thrombus segmentation. Depending on the application, the
speed advantage of z-xy may be preferable to the small accuracy improvement offered by
nnDetection, making z-xy a compelling alternative in time-sensitive stroke settings.

Using lesion masks to limit the area of interest to the affected hemisphere is one of the
reasons that z-xy is faster than nnDetection. However, adding these lesion masks as input to
the networks negatively impacts z-xy ’s performance. This may be because ischemic lesions
form downstream to the occlusion rather than at its exact location. On a brain-wide scale,
lesion masks help identify the axial slice containing the occlusion; but within a single slice,
they may lack the detail needed for precise x-y localization. In contrast, nnDetection, which
uses patches instead of slices, benefits slightly from getting lesion masks as input.

Both methods estimate one point on a 3D object (thrombus). Therefore, a non-zero
Euclidean error does not necessarily mean that the estimated point is not on the thrombus.
Brugnara et al. (2023) addressed this limitation by creating spheres around the estimated
and ground truth points and reporting Dice overlap between them. However, their approach
assumes an arbitrary voxel distance from the ground truth as acceptable, and ignores vari-
ations in thrombus size and scan spacing. Alternatively, we evaluate the estimated points
based on their effectiveness in the downstream task of thrombus segmentation.

The z-xy method can assist physicians as a thrombus localization tool, or be part of an
automatic thrombus segmentation algorithm that extracts useful thrombus characteristics.
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