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TARGET AUDIENCE: This study explores the potential of measuring intracranial blood flow velocities using dual-velocity encoded 4D flow MRI. This study will most
interest clinicians and clinical researchers who study or measure intracranial or liver blood flow.

PURPOSE: 4D flow MR imaging combines ECG-synchronized 3D phase-contrast MRI with advanced post-processing strategies for the in vivo assessment of 3D
blood flow with full volumetric coverage of the vascular region of interest [1]. Several applications of 4D flow MRI demand the measurement of flow velocities with a
high dynamic range (e.g. slow venous and fast arterial flow), e.g. intracranial aneurysms (IA) or cerebral arteriovenous malformations (AVM). However, 4D flow MRI
uses fixed velocity sensitivity (venc), which is set above the expected maximum velocity to avoid velocity aliasing. As the velocity noise (0y) is directly related to the
velocity sensitivity (G, ~ venc/SNRy,,), a high venc can substantially limit the assessment of vascular regions with low flow velocities (v << venc) such as small vessels
or veins. We and others [2-6] have presented the application of 4D flow MRI for the in vivo evaluation of intra-aneurysmal flow and WSS in patient feasibility studies.
These previous applications of 4D flow MRI were limited by its inability to fully capture the wide range of velocities inside aneurysms (high flow jet entering the
aneurysm and low unstable flow, vortex and helix type flow) due to the usage of one defined venc. Therefore, a dual-venc sequence with shared reference scan and k-t
acceleration for improved scan efficiency allowing the acquisition of both low- and high-venc data within a single scan was developed. As a result we expect to obtain
4D flow MRI data with low velocity noise across the entire velocity spectrum compared to single-venc implementations. The aim of this study was to apply k-t
accelerated dual-venc 4D flow MRI for the measurement of intracranial 3D blood flow velocities to 1) enable the simultaneous acquisition of slow and fast flow and 2)
improve 3D flow assessment in small intracranial vessels and veins.
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all major intracranial vessels (figure 2A) was performed to quantify net flow and peak velocity (figure 2 D and E).
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RESULTS: k-t accelerated dual-venc 4D flow MRI data was successfully acquired in all 7 subjects with an average scan time of 17+2.3 min. Pearson correlation
analysis showed that peak velocities for the dual-venc correlated well to the high-venc data, but not to the low-venc data (Rpy=0.82,Pny.pyv=0.0,R1.y=0.06, Ppy.pv=0.3,
figure 2E). Net flow for dual-venc 4D flow MRI showed higher correlation to the high-venc acquisition in arterial vessels (Rgv=0.96, R v=0.89, Puv.pv=P1Lv.pv=0.0),
however net flow increased in venous areas and showed higher correlation to the low-venc acquisition (Rpy=0.999, RZHV:O.987,PHV,DV:PLV,DV:O.O, figure 2D).
Velocity noise in high-venc data was 0.0036 + 0.0011 m/s (range=0.0023-0.0053 m/s) compared to 0.0019 + 0.00075 m/s (range=0.001 — 0.0032 m/s) for dual-venc 4D
flow MRI corresponding to a 42% noise reduction. Quality grading for high- /low- /dual-venc scans (1.7 vs. 1.8 vs 2.0, PrLy.pv=0.05, Puyv.pv>0.001) revealed
improvement of 3D flow visualization for dual-venc 4D flow MRI data (less aliasing in arteries, improved depiction of venous 3D flow patterns).

DiscussION AND OUTLOOK: The findings of this feasibility study show that k-t GRAPPA accelerated dual-venc 4D flow MRI can provide improved visualization
and quantification of venous and arterial hemodynamics across a wide range of the velocity spectrum. Velocity noise was significantly reduced compared to the
standard single-venc implementations. In the future, optimized dual-venc 4D flow MRI can be applied for improved in-vivo measurement of intracranial arterial
malformation or aneurysm hemodynamics.
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