
Quantifying the dynamics of the cerebral blood flow response to hypoxia 
Ashley D Harris1, Kevin Murphy2, Claris Diaz1, Neeraj Saxena3, Judith E Hall3, Thomas T Liu4, and Richard G Wise1 

1CUBRIC, School of Psychology, Cardiff University, Cardiff, United Kingdom, 2CUBRIC, School of Psycholog, Cardiff University, Cardiff, United Kingdom, 
3Department of Anaesthetics, Intensive Care and Pain Medicine, Cardiff University, Cardiff, United Kingdom, 4Centre for Functional Magnetic Resonance Imaging & 

Department of Radiology, University of California San Diego, La Jolla, California, United States 
 

Introduction  Inspiratory hypoxia reduces blood oxygenation resulting in increased blood flow [1-4]. In the middle cerebral artery, 
the temporal characteristics of arterial blood flow changes have been described during a hypoxic challenge [1]; however, the temporal 
characteristics of cerebral blood flow (CBF), i.e., perfusion, have not been investigated in detail. CBF changes during hypoxia have 
been studied using ASL showing heterogeneous results between subjects [2]. It has been demonstrated that CBF increases with 
hypoxia when examined in 5 min blocks during a 35 min hypoxic challenge [3]; however, the finer temporal properties of CBF 
changes have not been described. The magnitude of the hypoxic CBF response varies regionally [4]. Using a similar model as Poulin 
et al. [1], we characterise both the magnitude and the temporal characteristics of CBF changes during hypoxia on a regional basis.   

Methods  Twelve subjects were recruited for this study in which they wore 
a tight fitting face mask throughout. An end-tidal forcing system [5] 
provided the respiratory protocol, consisting of 5 mins baseline normoxia, 
20 min hypoxia (PETO2 =50 mmHg) and lastly 8 min recovery normoxia. 
PETCO2 was held at the subjects’ resting level throughout. ASL data was 
collected using a PICORE-QUIPSSII acquisition (TR/TE= 2.2s/2.9ms, 
TI1/TI2= 600ms/1500ms, FOV=24cm2, 6 slices of thickness/gap 
=7mm/1mm, 64 spiral matrix, 900 reps). In the same location, calibration 
scans (one at full relaxation to estimate M0 and a scan to account for coil 
sensitivity) were acquired for CBF quantification [6]. A T1-weighted whole 
brain scan was used for registration and the MNI atlas defined tissue 
regions. The hypoxia model included the following parameters: 
baseline normoxia (CBFB); an exponential increase (time 
constant kH) occuring at a delay δH after the onset of hypoxia, a 
plateau CBF (CBFH) during hypoxia; and similarly, normoxic 
recovery changes occurring at a delay δR described by an 
exponential time constant (kR) reaching a recovery CBF (CBFR), 
see Fig 1. 

Results  A sample CBF time course and its fit from one subject 
for the grey matter mask is shown in Fig 2. CBFH was 
significantly increased from CBFB (paired t-test, p < 0.05) in all 
regions (apart from occipital). Average CBF values from the 
model are shown in the Table. The temporal characteristics of the 
CBF response across all grey matter were: δH = 103.8 ±93.9 s kH 
= 0.17±0.39s-1 δR = 64.2±66.2 s-1 kR = 0.37 ±0.46 s-1. The 
temporal parameters also vary between regions (data not shown).  

Discussion CBF increased over all grey matter and regionally 
during hypoxia, consistent with previous studies [2-4]. The 
temporal response to hypoxia was variable across subjects, 
reflecting the high variability found previously in the middle 
cerebral artery [1]. Here, the time constants were more rapid but 
the latency was longer. This may reflect the dynamics of the 
vascular tree, the comparison between arterial flow and tissue 
perfusion or it may reflect regional reactivity to hypoxia. The 
dynamics of returning to normoxia were more rapid than when 
going to hypoxia. Greater understanding of the dynamic 
properties of the CBF response may assist in interpreting 
results from hypoxia in healthy and non-healthy subjects. 
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Region CBFB CBFH CBFR 
Grey matter 64.5±9.3 91.0±36.6 62.1±10.3 
Frontal lobe 54.3±11.3 89.0±42.1 55.9±13.9 
Insula 61.0±14.0 78.5±20.3 63.8±13.3 
Occipital lobe 67.1±12.3 91.8±38.3 63.1±16. 1 
Parietal lobe 52.3±11.0 79.3±37.4 53.8±15.4 
Putamen 57.7±16.1 85.9±33.9 57.8±16.6 
Temporal lobe 69.6±13.0 83.7±22.1 71.1±11.9 
Thalamus 57.8±14.6 77.2±17.3 54.7±16.0 

Table. Regional CBF (ml (100 g)-1 min-1) from the hypoxia 
model. (mean±standard deviation) 

Fig 2. Sample CBF data across grey matter from one 
subject. The quantified CBF time course is shown in blue 
and hypoxia model is in red.  
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TimeFig 1. Schematic showing the hypoxia model 
parameters. Green and blue indicate normoxia 
baseline and recovery periods, respectively and 
red indicates hypoxia. 
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