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Purpose: Determine whether adaptation affects the coupling of blood flow and oxygen metabolism changes in human visual cortex.

Background: Adaptation of neural activity in sensory cortices is suggested to underlie the non-linear dynamics of BOLD response. However, the
physiological mechanisms underlying adaptation of metabolic and hemodynamic activity in the brain are not well understood. We recently showed
that top-down input to early sensory areas can affect the coupling between metabolic and hemodynamic activity[1]. We now examine whether the
interplay between blood flow and oxygen metabolism changes is affected by intrinsic processing within the visual cortex.

Methods: A multi-pulse pseudo-continuous arterial spin labeling sequence (Optimized-MP PCASL[2], TR=3.5 s, 1600 ms tag duration at the level
of internal carotid and vertebral arteries, 1400 ms post labeling delay) with a dual-echo gradient echo (GRE) spiral readout (TE,=3.2 ms, TE,=32ms,
flip angle 90°, FOV 24 cm, matrix 64 x 64, eight 7-mm slices with 0.5 mm gap centered around the Calcarine sulcus) was used to simultaneously
acquire cerebral blood flow (CBF) and BOLD in a 3.0T scanner. Six volunteers (age 25-37, 2 females) viewed peripheral radial checkerboards, at
either 10% or 80% of the maximal display contrast, flickering at 3 Hz. Subjects were instructed to fixate at the center of the screen and perform a
one-back memory task on digits appearing at fixation to control attention during the whole run. The peripheral stimulus was presented either
continuously for 45.5 s (13 TRs), or intermittently as three epochs of 7.853 s on and off duration (Figure 1). A linear system’s response to the
continuous input should be equal to the sum of the original response to the intermittent input and a version of that response shifted by 7.583 s. Each
subject performed four low-contrast and 2-4 high-contrast runs. The order of presentation was counter-balanced. Voxels corresponding to the
position of the peripheral stimuli were identified and the flow, BOLD and metabolic responses were summed over the region of interest. Adaptation
index was quantified as the difference of non-adapted (intermittent response) and adapted (continuous response divided by two) conditions, divided
by the average activity.
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Results: Blood flow response to peripheral stimulus showed significant adaptation (Alg;o,=25%3.6%/26.2+4.8%, mean+SEM for the low and high
contrast stimulus, respectively (p<.001). Adaptation of the BOLD signal, however, did not reach statistical significance (Algo p=1219.5%/1619.3%,
p>.14). Oxygen metabolism demonstrated even stronger adaptation than flow (Alcyror>6410.3%). The neurovascular coupling ratio (defined as n =
ACBF/ACMRO,), was higher for the continuous stimulation than intermittent stimulation (p<.05 for both contrasts).
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