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The effect of respiration on cerebral arterial blood flow is not very well understood [START_REF] Bari | Nonlinear effects of respiration on the crosstalk between cardiovascular and cerebrovascular control systems[END_REF][START_REF] Ogoh | Interaction between the respiratory system and cerebral blood flow regulation[END_REF] . Conventionally, cardiac gated phase contrast sequences are used for the quantification of cerebral blood flow [START_REF] Nayler | Blood flow imaging by cine magnetic resonance[END_REF][START_REF] Balédent | Cerebrospinal fluid dynamics and relation with blood flow: a magnetic resonance study with semiautomated cerebrospinal fluid segmentation[END_REF][START_REF] Korbecki | Imaging of cerebrospinal fluid flow: fundamentals, techniques, and clinical applications of phase-contrast magnetic resonance imaging[END_REF][START_REF] Lokossou | Extracranial versus intracranial hydrohemodynamics during aging: a PC-MRI pilot cross-sectional study[END_REF] , however, it cannot be applied to studies in this area because it only provides an average Cardiac Cycle Flow Curve (CCFC) [START_REF] Spijkerman | Phase contrast MRI measurements of net cerebrospinal fluid flow through the cerebral aqueduct are confounded by respiration[END_REF] .

With real-time phase contrast (RT-PC) sequences, it has currently been shown that there is an effect of deep breathing or coughing on cerebral blood flow and cerebrospinal fluid [START_REF] Balédent | Real-time phase contrast magnetic resonance imaging for assessment of cerebral hemodynamics during breathing[END_REF][START_REF] Yildiz | Quantifying the influence of respiration and cardiac pulsations on cerebrospinal fluid dynamics using real-time phase-contrast MRI[END_REF][START_REF] Chen | Dynamics of respiratory and cardiac CSF motion revealed with real-time simultaneous multi-slice EPI velocity phase contrast imaging[END_REF][START_REF] Lagana | Arterial, venous and cerebrospinal fluid flow oscillations in real-time phase contrast MRI: type of breathing matters[END_REF] . However, it is currently not well understood whether and to what extent normal respiration affects cerebral arteries blood flow, in this study, we used RT-PC to quantify this effect using a novel time-domain analysis method.

Methods

-Image acquisition 10 participants (19 ~ 35 age; 4 female) were examined using a clinical 3T scanner, maximum gradients 80 mT/m Rate of gradient increase 120 mT m -1 ms -1 and a 32 channels head coil.

The RT-PC used in this study was a multi-shot, gradient-recalled echo-planar imaging sequence with a Cartesian trajectory. Using the parameter presented in Figure 1, the time resolution was 75ms/image, a respiratory monitoring belt was used for recording the respiratory signal. Participants were not asked to perform a specific respiratory pattern during the data collection. RT-PC was performed for each participant to quantify CABF at the intracranial and extracranial levels (Figure 1).

-Image Processing

The images of RT-PC were processed with a homemade software -Flow [START_REF] Fall | A Semi-automatic Software for Processing Real-Time Phase-Contrast MRI Data[END_REF] to extract the CABF signal. The region of interest (ROI) was defined by a semi-automatic dynamic segmentation algorithm and can be also corrected manually. The software then used an automatic background field correction algorithm to find the stationary tissue around the ROI, thus correcting for velocity errors due to eddy currents. Anti-aliasing Oral # 0321 algorithm are also supported in the software. After the segmentation and calibration, the continuous flow rate signal of RT-PC was obtained (Figure 1. E).

CABFextra was obtained by summing arterial flows in the extracranial level, and CABFintra was obtained by summing arterial blood flows in the intracranial level.

-

Quantification of the effect of respiration on arterial blood flow

The quantification process is shown in Figure 2. Signal segmentation: the software automatically segmented the continuous flow rate signal into multiple independent CCFCs. In each CCFC three parameters were calculated (mean flow, stroke volume, cardiac period). Definition of respiratory interval: the CCFCs were labelled as in expiratory interval or in inspiratory interval based on the respiratory signal. Two average expiratory and inspiratory CCFCs were calculated and used to compare the two respiratory periods. DiffEx-In (parameter, delay) signal: the percentage difference DiffEx-In was calculated for each parameter between expiratory CCFC and inspiratory CCFC. We hypothesis that respiration impacts blood with a possible delay between the flow curves and the signal recorded by the respiratory belt sensor. This delay was calculated by applying a phase shift on the respiratory interval that produce the maximum DiffEx-In for the considered parameter of interest. Extraction results, use the maximum value of DiffEx-In (parameter, delay) to indicate the intensity and delay of the effect of respiration on this parameter of CABF. Also, the ratio of the corresponding delay to the average respiratory cycle time was calculated and recorded as delay%.

-Statistical analysis Some arterial flows were excluded due to the poor quality of the signal acquisition. Finally, quantification of the effect of respiration was performed on 58 arteries. The correlation between DiffEx-In and delay% of each parameter was also tested using Spearman's correlation test.

Results

Figure 3 shows the DiffEx-In (parameter, delay) signal of the carotid arteries of two participants.

Figure 4 shows the results of CABF quantification and respiratory impact quantification. The cerebral blood flows were equal to 740±74 ml/min at the extracranial level and 679±119 ml/min at the intracranial level. The DiffEx-In were significantly smaller without considering the delay. In the case of considering delay, the delay% and DiffEx-In of mean flow rate are smaller than that of both stroke volume and cardiac period (p < 0.01). There was also a correlation between the delay% and DiffEx-In of mean flow rate and of cardiac period (Figure 5).

Discussion

In this study, the cerebral arterial blood flow obtained using RT-PC was accordance with the results previously obtained using cardiac gated phase contrast [START_REF] Balédent | Cerebrospinal fluid dynamics and relation with blood flow: a magnetic resonance study with semiautomated cerebrospinal fluid segmentation[END_REF][START_REF] Balédent | Real-time phase contrast magnetic resonance imaging for assessment of cerebral hemodynamics during breathing[END_REF] . It was also found that under normal respiration, cerebral artery blood flow increased by 4.4±1.7% during the expiratory interval compared to the inspiratory interval.

With increasing delay%, the DiffEx-In of the cardiac period was positively correlated, while the DiffEx-In of the mean flow was negatively correlated, which is a very interesting phenomenon and seems to be a positive response to stabilize stroke volume. This can be further confirmed in a subsequent study.

Conclusion

Although there are some artifactual effects, RT-PC is very useful for investigating cerebral blood flow in real time within a few seconds, without any synchronizer.

RT-PC combined with this novel method allows us to quantify the effect of respiration on multiple parameters of blood flow or cerebrospinal fluid, and the delay% parameter provides a new analytical perspective. It provides a technical support for subsequent studies on the effect of respiration on cerebral fluids circulation.
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Figure 1 :

 1 Figure 1: Location of the acquisition planes (A) and arteries (C&D), protocol of RT-PC (B) and the image processing flowchart (E). Right & left internal carotid artery (ICA) and right & left vertebral artery (VA) in the extracranial acquisition plane; right & left internal carotid and basilar artery (BA) in the intracranial acquisition plane.

Figure 2 :

 2 Figure 2: Schematic diagram of the quantitative respiratory impact process. Define inspiratory interval (IN) and expiratory interval (EX) using respiratory signal (A). The flow rate signal is segmented into multiple independent CCFCs and the three parameters are extracted (B), then the percentage difference between expiratory CCFC and inspiratory CCFC (DiffEx-In) is calculated for each parameter by equation C. Finally, the maximum DiffEx-In can be found by shifting the respiratory interval (delay) (D).

Figure 3 :

 3 Figure 3: Example of DiffEx-In (parameter, delay) signal of the internal carotid arteries in two acquisition planes from two participants. ICAR indicates right internal carotid artery, the parameter indicates mean flow rate, stroke volume or cardiac period. The dotted line indicates an average respiratory cycle.

Figure 4 :

 4 Figure 4: Quantification of cerebral arterial blood flow and respiratory effects in 5 participants. The results of the quantification of respiratory effects include both cases, without and with consideration of delays. Using Spearman's test to detect the correlation between delay% and DiffEx-In. ** indicted p < 0.01.

Figure 5 :

 5 Figure 5: Distribution plots of DiffEx-In (A) and delay% (B) for each parameter. There is a negative correlation between the DiffEx-In and Delay% of the mean flow rate and a positive correlation between the DiffEx-In and Delay% of the cardiac period (C). ** indicates significant difference (p < 0.01, Wilcoxon signed-rank test).
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