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Summary

Non-invasive evaluation of the cerebral blood flow (CBF) by means of arterial spin labeling (ASL) 

MRI offers an interesting alternative to currently used clinical perfusion measurement techniques. 

Where the current perfusion imaging techniques require the injection of an exogenous contrast-

agent, ASL employs the blood that travels to the brain tissue as an endogenous tracer, for a non-

invasive evaluation. However, due to the limited image quality and reliability of ASL measurements, 

the application of ASL was predominantly limited to highly specialized MRI centers. Recent 

technical developments in ASL research have elevated the quality and reliability of the technique 

to a level where it is ready for widespread ASL usage in clinical and research applications. However, 

with the focus mainly on technical improvements, several clinically relevant aspects such as 

patient comfort and quantitative performance have not been fully investigated to date. The main 

aim of this thesis was therefore to investigate such clinically relevant aspects. 

In chapter 2, the feasibility of ASL on a low field open bore MRI scanner was investigated, in 

order to enable non-invasive perfusion measurements in patient groups not eligible for a MRI 

examination in conventional scanners. First, ASL sequence parameters were optimized for 

1T. The optimal ASL labeling module, post-labeling delay, benefit of background suppression 

and read-out approach were investigated in healthy volunteers. The pCASL labeling module 

demonstrated superior image quality, 1300 ms post-labeling delay time showed to be the 

optimal trade-off between image quality and vascular contamination, no additional benefit of 

background suppression was observed, and depending on the brain area of interest either a 

multi-slice EPI or a 3D-GraSE read-out should be chosen. Secondly, based on the optimized 

imaging parameters, the feasibility of ASL on 1T was illustrated by acquiring CBF-images in an 

obese woman not eligible for a conventional MRI examination.

In chapter 3, we performed simulations and measurements to reduce the acoustic noise 

produced by the pCASL labeling module. Simulations of the sound pressure level (SPL) 

produced by the pCASL labeling module, predicted several potential labeling frequencies 

of interest that could reduce the acoustic noise. SPL measurements within the MRI scanner 

confirmed that by adapting the current pCASL labeling frequency from 1.0 kHz to 0.71 kHz, 

a 6.5 dB reduction in acoustic noise level could be achieved at the approximate location of 

the ear. Taking into account the acoustic sensitivity of the ear, an additional 1.7 dB reduction 

in acoustic noise perception was predicted as well, although this could not be confirmed by 

measurements. PCASL imaging in nine volunteers with the original (1 kHz) and adapted (0.71 

kHz) labeling frequency showed no significant difference in SNR between both approaches, 

indicating a preserved image quality.

In chapter 4, the accuracy and precision of pCASL measurements with respect to the gold 

standard perfusion imaging technique [15O]H
2
O PET was investigated. To investigate the 

accuracy, sixteen volunteers were scheduled for consecutive ASL MRI and [15O]H
2
O PET 

imaging sessions within a week. The intra- and inter-session precision of both techniques 

was assessed by means of the repeated imaging sessions through a test re-test paradigm. To 

improve the accuracy determination, the range of CBF analysis was increased by performing 

CBF measurements during both baseline and hypercapnic conditions. To investigate the 

macrovascular contribution in pCASL measurements, an additional pCASL measurement 
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CHAPTER 8

was performed where the macrovascular signal contribution was suppressed. For the CBF 

accuracy within the grey matter (GM), a one-on-one linear relationship was found between 

modalities with a minor CBF offset. Voxel-wise analysis identified multiple areas with systemic 

discrepancies between pCASL and [15O]H
2
O PET. The sources of these areas were identified as 

macrovascular contribution, imperfectly timed background suppression and artifacts related 

to the applied multi-slice EPI read-out approach. The intra- and inter-session reproducibilities 

were comparable for both modalities, indicating a similar precision for both modalities. These 

results demonstrated that pCASL can be as quantitatively accurate and precise as the gold 

standard perfusion imaging method.  

In chapter 5 we assessed the agreement between different velocity selective ASL techniques 

and [15O]H
2
O PET. Additionally to the CBF, the amount of arterial blood volume (aBV) weighting 

in the VS-ASL image contrast was assessed as well. For a quantitative CBF analysis, only the dual 

VS-ASL approach was suitable for comparison with [15O]H
2
O PET. The qualitative agreement 

was analyzed by means of correlation analysis and voxel-wise joint-histograms. The amount of 

aBV contribution was assessed by means of a correlation analysis as function of aBV weighting. 

Quantitatively, dual VS-ASL significantly underestimated the GM CBF by 16.7 % with respect to 

[15O]H
2
O PET, whereby the difference increased significantly as function of CBF. Qualitatively, 

we showed that the signal contrast of all analyzed velocity selective methods were in good 

agreement with [15O]H
2
O PET, whereby acceleration selective ASL exhibited the highest 

correlation. The correlation coefficients of velocity selective ASL methods appeared minimally 

improved by increased aBV weighting, indicating minor aBV influence.

In chapter 6, we assessed the quantitative and qualitative CBF and aBV agreement of QUASAR 

MRI with respect to [15O]H
2
O PET. The quantitative agreement was assessed by means of 

correlation analysis in grey matter, white matter and whole brain regions of interest. The 

qualitative agreement was assessed by voxel-wise analysis. Quantitatively, moderate to high 

correlations were found between QUASAR and [15O]H
2
O PET. However, significant quantitative 

discrepancies were observed, with QUASAR systematically underestimating CBF by 30% and aBV 

by 73%. After correcting for these discrepancies, both modalities showed similar qualitative CBF 

and aBV maps, indicating a voxel-wise agreement. Voxel-wise statistics demonstrated moderate 

to high correlations as well, while identifying minor areas with qualitative discrepancies. These 

results demonstrated that QUASAR and [15O]H
2
O PET provide similar qualitative hemodynamic 

information, though systematic quantitative discrepancies exist.

In conclusion, the chapters in this thesis address a few of the important steps necessary into 

making ASL a clinically accepted technique for use in daily clinical practice. Where chapters 2 

and 3 focused on improving patient comfort, chapters 4 to 6 addressed the performance of 

different ASL techniques with respect to the gold-standard perfusion measurement.
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