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Introduction (IMRDC :839/850)

Compared to conventional phase contrast sequences (CINE-PC) [START_REF] Pelc | Phase contrast cine magnetic resonance imaging[END_REF] , real-time phase contrast sequences (RT-PC) can provide a continuous beat-to-beat flow signal, with shorter acquisition times, no need of cardiac gating and insensitive to motion. These features make RT-PC of great potential for clinical applications and scientific research [START_REF] Zhang | Real-time magnetic resonance imaging of cardiac function and flow-recent progress[END_REF] .

Recently, an increasing number of studies have employed RT-PC to quantify cerebral blood flow [START_REF] Balédent | Real-time phase contrast magnetic resonance imaging for assessment of cerebral hemodynamics during breathing[END_REF][START_REF] Liu | Real-Time Phase Contrast MRI to quantify Cerebral arterial flow change during variations breathing[END_REF][START_REF] Laganà | Cardiac and Respiratory Influences on Intracranial and Neck Venous Flow, Estimated Using Real-Time Phase-Contrast MRI[END_REF] . The smaller cross-sectional area of cerebral vessels and the higher pulsatility index of 

Methods

-Image acquisition 26 healthy volunteers (age: 19~35; 13 women) were examined using a clinical 3T scanner with a 32 channels head coil. Only 13 volunteers' data from a previous study were used for the comparison of cerebral arteries [START_REF] Liu | Use of real-time phase-contrast MRI to quantify the effect of spontaneous breathing on the cerebral arteries[END_REF] . The direction of arterial flow is considered positive toward the brain and for venous flow toward the heart.

The CINE-PC of this study consists of a gradient-recalled echo phase contrast sequence with a finger plethysmograph used as cardiac gating. The RT-PC consists of a multi-shot, gradientrecalled echo-planar imaging sequence. The parameters for the two sequences are shown in Fig. 1-B. CINE-PC and RT-PC were performed on two planes to quantify the cerebral arteries and venous blood flow (Fig. 1-A 

-Image Processing

The image processing was performed using the software -Flow 2.0 [START_REF] Liu | Post Processing Software for Echo Planar Imaging Phase Contrast Sequence[END_REF][START_REF] Liu | Flow 2.0-a flexible, scalable, cross-platform post-processing software for realtime phase contrast sequences[END_REF] .

First, the region of interest (ROI) of each vessel was defined and manually corrected in case of movement. Next, a stationary region close to the target vessel was defined for background field correction. If aliasing is present, it can be corrected with the de-aliasing function. The flow rate signal of the target vessel was then extracted (Fig. 2-A&B).

The cardiac cycle flow curve (CCFC) of CINE-PC was used as reference. For the comparison, the software first automatically locates the minimum value of each CCFC in the continuous signal as segmentation points to extract multiple independent CCFCs. These CCFCs are then interpolated over 32 sampling points to finally reconstruct an average CCFC of RT-PC (Fig. 2B'-C).

The accuracy of RT-PC was evaluated by comparing the reconstructed mean CCFC with the reference CCFC from CINE-PC (Fig. 2-D).

-Statistical analysis Paired Student's t-test or Paired Wilcoxon's test was used to detect the differences. Correlation between two groups was detected using the Spearman test. A Bland and Altman analysis was used to quantify the degree of agreement between RT-PC and CINE-PC. The threshold for significance was set to p < 0.05.

Results

Fig. 3 and Fig. 4 show the quantification results of CINE-PC and RT-PC for each of the cerebral arteries and veins. The extracranial vessels presented a higher flow rate. In both planes the flow rate and pulsatility index of arteries were greater than those of veins. Fig. 5 shows the Bland-Altman plot between RT-PC and CINE-PC. Compared to CINE-PC, RT-PC segmented area was overestimated (arteries: 14% and veins: 11%) and the pulsatility index was smaller, especially in arteries (arteries: -14% and veins: -7%). However, the flow rate error between the two sequences was small (arteries: -3% and veins: 2%).

Discussion

The cerebral blood flow parameters quantified in this study were similar to those of previous studies [START_REF] Wåhlin | Phase contrast MRI quantification of pulsatile volumes of brain arteries, veins, and cerebrospinal fluids compartments: repeatability and physiological interactions[END_REF][START_REF] Lokossou | Extracranial versus intracranial hydro-hemodynamics during aging: a PC-MRI pilot cross-sectional study[END_REF] .

In this study, the spatial resolution in RT-PC was twice the resolution set in CINE-PC, which is the main reason for the over-segmentation presented in RT-PC. The use of lower spatial resolution can effectively increase the signal-to-noise ratio and improve temporal resolution. Indeed, according to a previous study, RT-PC can be adapted to a lower spatial resolution [START_REF] Liu | Accuracy of Real-Time Echo-Planar Imaging Phase Contrast MRI[END_REF] .

Although some over-segmentation was shown in RT-PC sequences, the error of cerebral blood flow rate quantification does not exceed 3% using a spatial resolution of 2×2 mm 2 .
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The flow rate waveform of cerebral veins is smoother than that of arteries, which makes RT-PC more accurate for quantifying the pulsatility index in cerebral veins.

Conclusion

It is important to choose an optimal spatial and temporal resolution when quantifying cerebral blood flow by RT-PC.

RT-PC with 2×2 mm 2 spatial resolution and 75ms/image temporal resolution can accurately quantify cerebral blood flow. Further studies increasing the temporal resolution of the RT-PC could improve the accuracy in cerebral arterial flow quantification. 
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  ISMRM 2023 Poster #2295 Monday, 05 June 2023 | 16:00 -17:00 cerebral arteries compared to cerebrospinal fluid make RT-PC more demanding in terms of spatial and temporal resolution. Validation of the accuracy of RT-PC in the quantification of cerebral blood flow is an important requirement prior to its clinical application. The purpose of this study is to analyze the accuracy of RT-PC by first quantifying the segmented area, flow rate and pulsatility index of cerebral arterial and venous flow and then comparing the results with those obtained by CINE-PC.

  ). The intracranial plane contains three arteries (ICAR=right internal carotid artery, ICAL= left internal carotid artery and BA=basilar artery) and two veins (SS=straight sinus and SSS=superior sagittal sinus). The extracranial plane contains four arteries (ICAR=right internal carotid artery, ICAL= left internal carotid artery, VAR=right vertebral artery and VRL=left vertebral artery) and two veins (RJ=right internal jugular and LJ=left internal jugular vein). The location and trajectory of the vessels are shown in Fig.1-C&D.

Figure 1 :

 1 Figure 1: Image acquisition of CINE-PC and RT-PC in two planes. The locations of the intracranial (purple) and extracranial (green) planes are shown in angiography images (A). Amplitude and phase contrast images acquired by CINE-PC (C) and RT-PC (D) using the protocol in B. The seven cerebral arteries and the four cerebral veins with their trajectories are shown in C and D, respectively.

Figure 2 :

 2 Figure 2: Image processing in RT-PC vs. CINE-PC flow. A) An example of RJ segmentation with CINE-PC (blue) and RT-PC (Red). B) Flow rate signal obtained by CINE-PC (top, an averaged CCFC with 32 sampling points) and RT-PC (bottom, continuous flow rate signal with 600 sampling points); the red dots in RT-PC signal indicate the minimum values of each CCFC. C) Reconstructed CCFC (red) from all CCFCs. D) Parameters analyzed in the two CCFCs.

Figure 3 :

 3 Figure 3: Results and distribution of segmented area, mean flow rate, and pulsatility index of each cerebral artery in CINE-PC and RT-PC. Paired Student's t-test or Paired Wilcoxon's test was performed, * indicates p < 0.05, and ** indicates p < 0.01. Correlation analysis performed with the Spearman test, the correlation coefficient R is shown in the table. ICAR=right internal carotid artery, BA=basilar artery, VRL=left vertebral artery.

Figure 4 :

 4 Figure 4: Results and distribution of segmented area, mean flow rate, and pulsatility index of each cerebral vein in CINE-PC and RT-PC. Paired Student's t-test or Paired Wilcoxon's test was performed, * indicates p < 0.05, and ** indicates p < 0.01. Correlation analysis performed with the Spearman test, the correlation coefficient R is shown in the table. SS = straight sinus, SSS = superior sagittal sinus, RJ = right internal jugular vein, Extra = extracranial plane; Intra = intracranial plane.

Figure 5 :

 5 Figure 5: Bland-Altman plots of three parameters evaluated on cerebral arterial and venous flow obtained from RT-PC and CINE-PC. The X-axis represents the mean value between RT-PC and CINE-PC of the parameters evaluated and the Y-axis represents the percentage difference between RT-PC and CINE-PC. The red dotted line indicates the average percentage difference, the upper and lower dashed lines indicate the 95% limits of agreement (LOA) calculated by mean ± 1.96×SD.

Acknowledgements

This research was supported by EquipEX FIGURES (Facing Faces Institute Guilding Research), European Union Interreg REVERT Project, Hanuman ANR-18-CE45-0014 and Region Haut de France.

Thanks to the staff members at the Facing Faces Institute (Amiens, France) for technical assistance.

Thanks to David Chechin from Phillips industry for his scientific support.