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TARGET AUDIENCE: This study is intended for those interested in resting-state functional connectivity measurements using fMRI. 
PURPOSE: With the discovery of intrinsic brain networks revealed by the functional magnetic resonance imaging (fMRI) signal, 
scientists have turned their focuses to looking at the impact the brain networks have on cognition. This is done primarily using the blood 
oxygenated level dependent (BOLD) signal. When the BOLD signals from distinct brain regions are highly correlated, these regions are 
said to be “functionally connected”.1 Resting-state BOLD-based functional connectivity (rs-fcMRI) is a potentially sensitive marker for a 
number of neurological diseases, including Alzheimer’s disease, fronto-temporal dementia, attention deficit hyperactive disorder, and 
autism.2 Further research towards functional connectivity could lead us to have a more in-depth understanding of the mechanisms 
sustaining brain function, but require a better appreciation of the physiological bases of the BOLD signal. 

According to the BOLD signal model:3 

Δ = ∗ ∗ ∗ β ∗ 1 − , β ∗ [1 − (1 + Δ )β ∗ (1 + Δ )α β] 
BOLD signal is dependent on baseline physiological variables 
including cerebral blood flow (CBF) and venous blood 
oxygenation (Yv). In this study, we investigate how these 
baseline variables influence rs-fcMRI measures.4 
METHODS: We imaged 15 subjects (9 females), aged from 18 
to 43 (mean = 25.7, SD = 6.6), using a Siemens TIM Trio 3T 
System (Siemens Erlangen, Germany). The scans employed 
32-channel phased-array head coil reception and body-coil transmission.  

To obtain the functional connectivity map of each subject, we first acquired a gradient-echo 
EPI BOLD data set: TR = 380 ms, TE = 30 ms, and flip angle = 40o, duration = 722 s. Then, the 
fMRI data are processed with the CONN functional connectivity toolbox5 to compute the FC map 
in MNI coordinate system. Six sets of seed coordinates have been used to look into six network 
regions of interest (NROIs): anterior prefrontal cortex (aPFC), hippocampal formation (HF), 
motor network (MN), middle temporal area (MT), posterior cingulate cortex (PCC), and visual 
network (VN). Figure 1 illustrates the functional connectivity maps of the 6 NROIs, registered to 
MN152 space and averaged across all the subjects. 

Venous blood oxygenation (Yv) was estimated using T2-based blood oxygen calibration 
model.6 T2 was measured using a magnetization-prepared segmented EPI sequence with TR = 
4000 ms, effective TE = 24,48,72,96,120, and 144 ms, with the refocusing interval set to 6 ms. 
To calculate the map of CBF, we used a pseudo-continuous arterial spin labeling (pCASL) 
technique with TE/TR 9/4000 ms, 3.4375mm x 3.4375 mm x 6 mm, Label Time (TI) = 1.5 s, 
Delay Time = 1 s, and number of slices = 20. A calibration scan was also acquired, with TR 
= 10 s. Baseline CBF was quantified using the Perfusion Toolbox.7 
RESULTS: When we combine the data from all six NROIs, a significant positive correlation is 
observed between regional fcMRI and CBF in the corresponding network regions (Figure 2, p = 
0.03). We have also found a strong positive correlation between rs-fcMRI and Yv (Figure 3, 
p<0.05). Finally, Yv and global resting CBF were themselves found to be correlated (Figure 4, 
p<0.05). 
DISCUSSION and CONCLUSION: We demonstrated that rs-fcMRI measurements are 
positively correlated with both baseline CBF and venous blood oxygenation (Yv). The FC-CBF 
relationship is in agreement with past literature.8 Interestingly, rs-fcMRI is affected positively by 
resting Yv, contrary to findings regarding task-based fMRI.4 Conversely, the FC-Yv relationship 
may be affected by the existing relationship between Yv and CBF, which is in agreement with 
past findings.4 We note that CBF and Yv dependent on one another based on biophysics, and 
that future work will address their unique associations with fcMRI measurements. To summarize, 
we have illustrated that rs-fcMRI measurements are indeed modulated by baseline CBF and Yv, 
potentially due to physiological variability among different subjects. These findings indicate that 
by controlling these physiological modulators we may be able to reduce inter-subject variability, 
potentially improving the test-retest reliability and sensitivity of rs-fcMRI metrics.4 
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Figure 1: Averaged Functional connectivity map of 6 NROIs: a) Frontoparietal, b) 
Limbic, c) Sensorimotor, d) Dorsal Attention, e) Default, and f) Visual, across 15 

subjects. 
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Figure 3: rs-fcMRI vs. Yv in combined NROI. 
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Figure 4: Yv vs. whole-brain CBF across all 
subjects. 
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Figure 2: rs-fcMRI vs. CBF in combined NROI, 
plotted across all subjects. 
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