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Introduction. Recent advances in multi-channel receiver coils, parallel imaging, and field inhomogeneity correction schemes have made
7.0T an increasingly useful field strength (By) for whole-brain functional neuroimaging [1-8]. SNR improvements at 7.0T have been
systematically demonstrated [7], however an additional advantage of high-field is the shorter T,* of venous blood (7.0T T,,*<5ms; 3.0T
Tov*=15-25ms; 1.5T T,,*~90-100ms) relative to tissue To* (7.0T T, #~25-30ms; 3.0T T,,#~35-45ms; 1.5T T, #*~55-65ms) [9-12]. This
important effect should desensitize BOLD contrast to intravascular (IV) effects at high field. While IV and extravascular (EV) BOLD
effects have been quantified separately at high and low field [9,10,12], a systematic comparison of such effects at 1.5T, 3.0T and 7.0T in
the same subjects, exploiting the recent methodological advancements at 7.0T, has not been performed. Here, we investigate BOLD
contrast by performing gradient echo BOLD at 1.5T, 3.0T and 7.0T in sequence in the same subjects. The primary objective of this study
was (1) to quantify IV/EV AR,* at each By, with the hypothesis that the short T,,* at high field will lead to primarily EV BOLD effects at
7.0T. Additional objectives were (2) to compare total BOLD effects at high spatial resolution (HSR) and low spatial resolution (LSR) at
each By and (3) to measure total BOLD effects in response to neuronal (visual) vs. vascular (breath hold) reactivity at each By. Results
should provide a useful reference for how, when controlling for inter-subject variation, BOLD contrast is influenced by B,.

Methods. All subjects (n=7; age=24+6) provided informed, written consent and were scanned
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EV fractions are found to be 45+13%, 70+11% and 92+19% at 1.5T, 3.0T and 7.0T, respectively. Subject-
averaged time courses for 7.0T (Fig. 3a,b) and 1.5T (Fig. 3c,d), without (left) and with (right) flow-dephasing
gradients reveal only small AS/S at 1.5T in the presence of gradients, reinforcing that BOLD has large IV

contributions at 1.5T. AR, * is expected to increase~By,, however we find a larger increase at 7.0T, suggesting go.ns N« 0-(33:
that at LSR, CSF contributions to gradient echo BOLD AR, * may be substantial. HSR/LSR Findings. LSR < 0.04 \ G0.04

(AS/S),o: < HSR (AS/S),; at 1.5T and 3.0T, a trend that is reversed at 7.0T (Table 1). Given the IV/EV results at 0.00 0.00
HSR, this is likely due to a different IV/EV ratio at LSR and different activated voxels at each SR. Visual vs. - L
BH_Findings. ASL breath-hold AS/S=65.3%9.3%; BOLD BH (AS/S), and visual (AS/S), at each By 0 64 128 192 0 64 128 192
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(overlapping voxels at each By) are shown in Table 1. Visual LSR (AS/S),y is 2.0-2.5 times larger than BH LSR Fig 3. BOLD 7.0T (ab) and 1.5T (c.d) ::ourses

(AS/S)o at each By (P<0.01), indicating that vascular and neuronal BOLD effects are unequal. The EV origin of
the BOLD effect at 7.0T (Fig. 2c), combined with BH CBF changes, enables estimation of BOLD calibration “M” values at 7.0T [13-15]: M=12.3+£1.6% and
M=14.8+2.0% for f=1.0 and Grubb (0)=0.38 and 0.50 [13-16], respectively. However, it has recently been shown that CMRO, reduces during CO,-administered
hypercapnia experiments [17] and also that CBF/CBYV relationships are unequal during visual and BH [18]. Therefore caution should be exercised when calibrating
neuronal BOLD responses based on such measures. Conclusion. We performed a BOLD comparison between 1.5T, 3.0T and 7.0T in identical subjects (3hr window).
The primary result of this study is that, (1) when accounting for inter-subject variability, EV BOLD effects are approximately 92%, 70% and 45% at 7.0T, 3.0T and
1.5T, respectively. Additional conclusions suggest that (2) (AS/S),x comparisons between By should be made with caution due to different IV/EV contributions, and (3)

BOLD BH reactivity is 2.0-2.5
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