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Introduction: Based on the steady state calibrated deoxyhemoglobin dilution model of the blood level dependent (BOLD) signal [1-2], fMRI has been used to show a
linear coupling between changes in human cerebral metabolic rate of oxygen (ACMRO,) and blood flow (ACBF) under neuronal activation [3]. Based on an alternate
model [4], recent data by Lin et al [5] suggest a significant variation of this neurovascular coupling as a function of stimulus frequency in the primary visual cortex. The
alternate model eliminates three approximations on which the calibrated model is based: (1) the relationship between steady state CBF and blood volume (CBV) is
measured directly using VASO [6] rather than estimated using the Grubb relationship [7], (2) the intra- and extra-vascular BOLD components are evaluated separately
rather than together and (3) no global hypercapnic calibration is involved. Since stimulus dependent variations in coupling would seriously limit the interpretability of
BOLD results, we evaluated ACMRO,; and associated coupling ratio by both models in an fMRI study measuring measuring BOLD and CBF under five visual stimulus
frequencies. The results were further compared to those from Lin et al [5].
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Methods: Eleven healthy subjects were presented with a maximal contrast radial — G (Msubject) ==== G (Lin original [5])
yellow/blue checkerboard (30 spokes and 3 rings) reversing contrast at 1,4, 8, 16, and 32 70k — NC waemr NG (Lin original [5]) J
Hz. At each frequency, the visual stimulus alternated with a baseline (uniform grey field) in
two sessions of 20 s / 80 s / 80 s OFF/ON/OFF blocks preceded by an 80 s baseline. An sol- ====' NG (Lin recalculated [5]) |

hypercapnic condition was induced with 7.5 % inhaled CO, (21 % O, and balance N,) based —— G (Mgroup=24%)
on the same paradigm. A 3D T1-weighted data set was collected for anatomical reference to
guide placement of six 5 mm oblique axial functional slices in the primary visual cortex. An
interleaved QUIPSS II ASL-BOLD echo planar imaging (EPI) sequence was used with a
TR of 2 s and a TE of 23 and 30 ms for ASL and BOLD images, respectively. The inversion
slab thickness was 100 mm, the delay (TI;), 700 ms and the post-label delay (TI,), 1300 ms.
The pixel size was 4.0 x 4.0 mm®. A 3T Siemens Trio scanner was used.

Data Analysis: After separating the interleaved fMRI data into perfusion and BOLD
frames, the perfusion data was formed by subtracting adjacent non-selective and selective
images. Motion correction, spatial smoothing and drift removal were carried out before
applying student’s t-tests to identify areas of statistically significant task correlated
activation. Regions of interest (ROI) in the visual cortex were defined separately for BOLD

and CBF by thresholding the respective t-maps at t=4.5 (p<0.05, corrected for multiple 0 . . . . ! ! ! :
comparisons). Overlapping ROIs were obtained to ensure the calculated signal changes 0 4 8 12 16 20 24 28 82
occurred over the subset of voxels common to both BOLD and CBF. Two subjects were Stimulus Frequency (Hz)

rejected from further analysis as their t-maps did not show significant activation. Average Fig.2 Changes in CMRO; calculated in our study (solid lines) based on
time courses were calculated at each stimulus condition for each remaining subject by the calibrated (C) and non-calibrated (NC) models and their comparison
averaging across the two sessions. The mean amplitude of the functional response was then to Lin et al [5] (dash lines) original and recalculated values.

obtained by averaging the signal intensity across all steady state activation frames,
excluding the first 16 s. CBV was estimated from CBF measurements through Grubb's
relationship (o = 0.38).
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Results and Discussion: The range of per-subject calibration values (Mupjeer = 3.20 * 9 = C (Msubject) ====t G (Lin original [5])

0.25 % to 7.45 + 0.22 %) and the group calibration value (Mg, = 6.34 + 0.16 %) agree — NC ====i NG (Lin original [5])
with results from others [8-9]. Based on CBV estimates from Grubb and a per-subject sl |
calibration, the calibrated model yields a similar frequency trend in ACMRO; as the non- ==== NG (Lin recalculated [5])
calibrated model, although displaying smaller mean amplitudes (Figure 1). On the contrary, 7k — G (Mgroup=24%) B
Lin et al results from the calibrated model showed larger ACMRO, values with a peak at a T

higher frequency. -

-

This discrepancy in ACMRO, mean amplitudes arises from their use of a large group c
calibration value (Mg = 24 %) extrapolated from the value of M = 22 % of another study

at 1.5 T [1]. We reproduced this effect in our results by recalculating ACMRO, with the
calibrated model but this time, performing a group calibration based on the M., they used.

It has been shown here and elsewhere [8] that larger M values generate greater linearity in

coupling (n = ACBF/ACMRO,) independently of the experimental data (Figure 2). A
subject-specific calibration may be more appropriate to characterize the inherent variability

in flow-metabolism coupling between individuals.

The large dependency of n on frequency reported by Lin et al based on the non-calibrated 0 . . . . . . . .
model diminishes if we recalculate ACMRO; using their experimental data but replacing 0 4 8 12 16 20 24 28 32
VASO measurements with estimates from Grubb's relationship. The recalculated coupling Stimulus Frequency (Hz)

ratios (n = 2.1-3.0) display the same slight frequency trend as our results from the calibrated . . . . . L
model (n = 3.1-4.1), which agree with previous results from our group at 4 Hz (n ~ 4) [9]. Fig.2 Changes in coupling ratio (n) calculated in our study (solid lines)
The main source of coupling non-linearity reported by Lin et al hence appears to arise not based on the cal_lbrated (©) and qon—calll})rgted (NC) models and their
from the model employed but rather from VASO measurements showing a dependence of comparison to Lin et al [5] (dash lines) original and recalculated values.
the CBF-CBYV relationship upon stimulus frequency. This requires further investigation.
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