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Abstract 

4D flow magnetic resonance imaging (MRI) is increasingly recognized as a versatile tool to assess 
arterial and venous hemodynamics. Cerebral arterial pulsatility is typically assessed by analyzing 
flow waveforms over the cardiac cycle, where flow amplitude is a function of cardiac output, 
central arterial stiffness, and cerebrovascular resistance and compliance. Excessive pulsatility 
may propagate to the cerebral microcirculation, and constitute a harmful mechanism for the 
brain. Indeed, imaging studies have linked arterial pulsatility to hippocampus volume, cerebral 
small vessel disease (SVD), and Alzheimer’s disease. In animal models, elevated pulsatility leads 
to blood-brain barrier (BBB) leakage, capillary loss, and cognitive decline. However, associations 
to cerebrovascular damage and brain function in the spectrum of normal aging are less 
investigated. Further, previous 4D flow studies have mainly assessed pulsatility in relatively large 
cerebral arteries. When exploring links to microvascular damage and brain function, more distal 
measurements, closer to the microcirculation, are desired.  

This thesis aimed to develop 4D flow MRI post-processing methods to assess pulsatility in small, 
distal cerebral arteries with noisy velocity data and a complex vascular anatomy, and to evaluate 
the pulsatility index in relation to aging, brain function, and other imaging biomarkers of 
cerebrovascular damage, with particular dedication towards the hippocampus and cerebral SVD.  

To assess pulsatility in distal arteries, a post-processing method that samples waveforms from 
numerous small arteries, to obtain a whole-brain representation of the cerebral arterial waveform, 
was developed (Paper I). When evaluating links to hippocampal function, higher pulsatility was 
linked to worse hippocampus-sensitive episodic memory, weaker hippocampal low-frequency 
hemodynamics, and lower perfusion (Paper II). To inform on SVD pathophysiology, we evaluated 
5-year associations among pulsatility, white matter lesion (WML) volume, and perivascular space 
(PVS) volume. While baseline pulsatility did not predict WML nor PVS progression, WML and 
PVS volume predicted 5-year pulsatility-increases, indicating that individuals with a higher load 
of cerebrovascular damage are more prone to see increased pulsatility over time (Paper III). 
Finally, BBB permeability quantified with dynamic contrast enhanced MRI and intravenous 
injections revealed higher permeability in WMLs compared to healthy white matter, supporting 
that BBB leakages are implicated in SVD; however, pulsatility was unrelated to BBB permeability, 
providing no evidence for excessive pulsatility as a trigger of BBB breakdown (Paper IV). 

In conclusion, distal pulsatility measurements are reliable when averaging 4D flow waveforms 
over a large number of vessels. The observed temporal dynamics among SVD biomarkers, and the 
absence of pulsatility–permeability associations, challenge the view of excessive pulsatility as a 
trigger of microvascular damage. Future studies are needed to understand whether altered 
hemodynamics play a causal role in cognitive decline and dementia. Meanwhile, 4D flow derived 
hemodynamics may be used as biomarkers linked to vessel properties and cerebrovascular health. 
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