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Aneurysms are regions where blood wall weakening causes Model 1 High-SQeed Angiogragh)(
the blood vessel to expand. Aneurysms present unigue 3 - \ . -
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geometries which provide flow features non-typical for healthy
blood vessels. Quantification of flow features within aneurysms | j
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from angiographic x-ray acquisitions provides essential
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iInformation regarding aneurysm diagnosis, rupture risk, and

treatment.  Conventional endovascular  procedures use

angiography acquired at 3-15 fps which is mainly used for
Figure 4: 1000 fps HSA acquisition of model 1 (Figure 3, Model 1A projection), shown with 10 ms intervals between the 1ms images. Flow enters the aneurysm from the
bottom and flows to the top of the image (Red arrow shows flow direction). Omnipague contrast circulates within the aneurysm in a counterclockwise direction. Time labeling
on three frames is added for reference to Figure 6. All 1000 fps HSA videos are accessible by the QR code and will be available in the manuscript on the SPIE Digital Library.

morphologic visualization, but Iits hemodynamic temporal
resolution Is Inadequate for fine flow pattern analysis. For this,
high frame rate Is essential. In this study, 1000 fps High-Speed
Angiography (HSA) is used to visualize detailled hemodynamic
patterns, including vortex-flow features.
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Figure 6: The color-scale shows the magnitude of the velocity components derived from OF for Model 1 with the
X-component on the left and the Y-component on the right. The black arrows depict the net velocity magnitude
and direction (note: the arrows are identical for each of the respective images shown on the X and Y component
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ocities? -~ Figure 7: 1000 fps HSA contrast run of model 2, (Figure 3, Model 2A projection), shown with 10 ms intervals between the 1 ms images. For Model 2, as the contrast fills the
velocites aneurysm, most of the circulation is clockwise within the aneurysm for this projection, with some flow directed more into the plane. Model 2 shows more complex
P HANTO M S hemodynamic patterns compared to Model 1; the vortex is more complex and centered more towards the lower region of the aneurysm than for Model 1.
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Figure 9: The color-scale shows the magnitude of the velocity components derived from OF for Model 2 with the X-component on
the left and the Y-component on the right. The black arrows depict the net velocity magnitude and direction (note: the arrows are
identical for each of the respective images shown on the X and Y component images since they represent the net vector sum).
Each image Is an average over 20 ms. The vortex iIs more complex and centered more towards the lower region of the aneurysm.

Measurement of vortex characteristics presents additional
guantitative metrics that may assist in the diagnosis and

treatment of aneurysms. At 1000 fps, the details of fine fluctuation - . - . . . ST : .
. fox | . Y 9 | FZ[ b 4 and o Figure 8: OF Velocity averaged over RESULTS: Model 2 shows a dynamic clockwise vortex with larger variation in the vortex core’s center. The velocity
N vortex formation and: core iotation are observed and enabie 60 ms with arrows showing velocity components illustrate variation in the vortex. Even over 60 ms intervals, fine changes to flow could be observed.
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