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Introduction: Exact knowledge of blood flow characteristics in cerebral vessels is of great relevance for diagnosing cerebro-vascular abnormalities since they are
typically interlinked with abnormal flow to or within the neurocranium. To investigate the complex flow in major intracranial vessels we have recently developed a
time-resolved, three-dimensional phase-contrast MRI method (4D-flow) in conjunction with advanced streamline processing and interactive visualization tools [1].
Despite its great merit 4D-flow applications are currently hindered by the substantial amount of data generated and measurement times involved. However, the high
intravascular baseline-SNR renders 4D-flow an ideal candidate for use with parallel imaging. In addition, the extra SNR afforded by higher magnetic field strength
provides the opportunity for even greater resolution. Therefore, the purpose of this study was to investigate the effect of field strength and parallel imaging on flow
measurements when combined with 4D-flow. The success of this study would allow one to dramatically shorten scan time and/or resolve even more distal branches of
the intracranial vascular system.

Materials and Methods: Eight healthy volunteers underwent head-to-head 4D-flow scanning on two whole-body MRI units (Signa LX) operating at 1.5T and 3.0T
magnetic field strength. Both systems were equipped with high performance gradient systems (50 mT/m @ 1.5T, 40mT/m @ 3.0T, SR=150 mTs/m ea.). For MR signal
reception a dedicated eight-channel head array coil (MRI Devices, Waukesha, WI) was used on both systems. At both scanners identical scanning parameters were used
as follows: (180mm)* FOV, 90% rFOV, matrix = 300x180x30, TR/TE = 5.46ms/2.12ms, flip angle = 15°, NEX = 1, and RBW = 65kHz. For flow encoding, a venc =
100cm/s was chosen along each of the principal axes. Three section-direction phase encode steps per cardiac phase were selected to produce a high intrinsic temporal
resolution of 65.5ms. For an HR of 70bpm a total of 1620 heart beats (NHB) were required leading to an overall acquisition time of 23.1min. A variant of GRAPPA [2]
was used to speed-up image acquisition (24 ACS lines; kernel size = My X Miy X Mo =5 x 4 x 8). The variable k-space sampling density led to net scan acceleration
factors of 1.57 (13.3min) and 2.15 (10.0min) for ORFs of 2 and 3, respectively. Mean signal values obtained by ROI measurements served to extract velocity data from
the left and right ICA and the basilar artery from each subject.
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Fig. 1 - Comparison of 4D flow imaging

Results: Figure 1 shows a side-by-side comparison of 4D flow data using different ORFs for 1.5T and 3.0T at different GRAPPA accelerations. The increased baseline
SNR is clearly apparent for the 3.0T data. It is also evident that at 1.5T the magnitude and velocity maps start to deteriorate when moving from two-fold to three-fold
acceleration. Especially with an ORF=3 a significant SNR loss can be noticed in the mid-sagittal line (for example through the pons) due to the spatially varying SNR.
The vessel baseline SNR for 1.5T ranged from 21-25 for the ICAs and 27-30 for the basilar artery. At 3T the corresponding SNR values ranged from 45-48 for the ICAs
and 43-56 for the basilar artery. These measurements roughly represent the expected x2 SNR gain when moving from 1.5T to 3.0T. Depending on location, the SNR at
1.5T drops to 65%-68% and 24%-39% of its original value for ORF=2 and ORF=3, respectively, whereas at 3.0T the SNR drops only insignificantly to 91%-98% and
81%-89% of its original value for ORF=2 and ORF=3, respectively. Figure 2 shows the effect of GRAPPA on velocity time courses in three subjects for the basilar
artery at 1.5T and 3.0T. The overall course of blood velocities can be seen at both field strengths and with all reduction factors. Only insignificant deviations are seen at
3.0T using different reduction factors. At 1.5T, the flow velocity measurements start to degrade with ORFs of 2 and clearly worsen with ORF=3. At 1.5T and with
ORF=3 in all subjects blood velocity and flow through the basilar artery were underestimated throughout the entire cardiac cycle, and individual timepoints
demonstrated greater fluctuations than with ORFs of 1 and 2. With an ORF=2 a slight increase in fluctuations was seen as well but no marked overall underestimation
of flow was apparent. At 3T ORF=1 and ORF=2 measurements were practically identical and the ORF=3 scans had perturbations comparable to those at 1.5T with ORF
between 1 and 2. Similar trends were observed for all other intracranial vessels (Table 1). Figure 3 shows example streamline visualizations [1] using ORF=2 at 3T.

Table 1 - Blood velocity measurements at 1.5T and 3.0T: effect of GRAPPA Fig. 3 —Streamlines emanating from
proximal seed regions in the ICA are
visualized as they traverse the carotid canal
towards the carotid siphon. The color of a
streamline at a particular location reflects
the measured local blood velocity. A helical
flow pattern of the streamlines is well
delineated as the blood flows distally
through the carotid canal towards the
siphon.

Conclusion. Comparative evaluations have been performed to assess the effect of
magnetic field strength and parallel imaging on 4D-flow MRI. The increased SNR in
combination with the better receive-B1 characteristics at 3T afforded three-fold ORFs
at 3T without any significant flow errors, whereas at 1.5T the veracity of flow measurements using such high acceleration factors was consistently impaired. Therefore,
at this field strength ORFs should not exceed two-fold acceleration factors. Certainly, these measurements have to be viewed in a relative perspective as the optimal
choice of acceleration factors depends on scan parameters and several other factors such as FOV, type of array coil, slab orientation, and the fact that parallel imaging
was applied only along one phase encode direction.
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