
 
Figure 2. Relative TTH timing (ΔT) between left and right visual 
cortex (blue bars). Red horizontal lines indicate the relative timing 
difference between right and left hemifield stimulation. Cyan error 
bars indicate the 90% confidence interval of TTH using 100 
bootstrap iterations. P values testing the null hypothesis that TTH 
can distinguish between “+” and “-“ conditions with the same relative 
latency between the visual cortical areas across hemispheres were 
reported at the top. 

 
Figure 1. Top: activated visual cortices 
within left and right hemispheres revealed by 
average BOLD time courses occurring 
between 3 and 6 s after stimulus onset. 
Right: left and right hemisphere visual cortex 
time courses after normalizing the maximum 
to 1. The black vertical bar indicates the 
TTH=2.3 s after aligning left hemisphere time 
courses. 
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INTRODUCTION 
Accurate timing information is of fundamental importance in understanding the neuronal basis of human cognition. Despite its high spatial resolution and 
spatially uniform sensitivity, the prevailing methods for BOLD-contrast fMRI are been widely considered to have poor temporal resolution. The relative 
timing accuracy of BOLD responses has been previously considered to be around 1 second (for review, see [1]). Here we investigate the temporal 
resolution and accuracy of BOLD fMRI in human visual system using magnetic resonance inverse imaging (InI), a novel technique that provides 10 Hz 
sampling rate with whole brain coverage and approximately 5 mm spatial resolution in the cortex [2]. Specifically, we interrogate if the inter-hemispheric 
visual cortex hemodynamic response latency can correctly follow the latency of visual stimulation between the visual hemifields. We also hypothesize that 
relative latency in the visual cortex can reliably distinguish between the lateralized responses to the preceding and the delayed stimulus. Our results 
suggest that the relative timing accuracy of the BOLD response can be as high as 100 ms.  
METHOD 
18 subjects were recruited in this study with informed consent. Visual stimuli consisted of a radial checkerboard pattern that was masked to allow for the 
independent stimulation of each visual hemifield; this stimulus was presented to the subject with 500 ms duration in each hemifield with a parametrically 
varying latency between the two hemifields. The latency between the two hemifields was 0, ±1/60 s, ±1/30 s, ±1/15 s, ±0.1 s, ±0.2 s, and ±0.5 s, where “+” 
indicates the left hemifield stimulus preceded the right hemifield stimulus, and “-“ indicates the reverse. InI was measured from a 3T MRI scanner (Tim Trio, 
Siemens Medical Solutions, Erlangen, Germany) and a 32-channel head coil array. The imaging parameters were: TR=100 ms; TE=30 ms, Flip angle=30o. 
63 trials of all conditions were randomly presented over seven 4-minute runs for each subject. The InI analysis was done by first using the general linear 
model (GLM) to deconvolve the hemodynamic responses using finite impulse basis functions. Subsequent volumetric reconstruction was performed using 
the minimum-norm estimate reconstruction [2]. We used a canonical model [3] to quantify the onset, time-to-half (TTH) and time-to-peak (TTP) of the 
hemodynamic responses. A bootstrap analysis was used to evaluate the group-level variability of the hemodynamic timing. We used the BOLD responses 
to simultaneous left and right hemifield stimulus to calibrate 
the timing difference between left and right visual cortices. 
RESULTS 
Figure 1 shows the location of the activated visual cortex 
using an inflated cortical surface model. After temporally 
shifting the fMRI time course at the left hemisphere visual 
cortex with TTH = 2.3s, we found that right hemisphere visual 
cortex fMRI time course preceded (“+” conditions) or lagged 
behind (“-” conditions) the left hemisphere visual cortex fMRI 
time course (Figure 1). In accordance with our previous 
finding, TTH timing is more reliable in detecing differences 
between hemispheric visual cortices (not shown) [4]. The 
stimulus latency difference between left and right hemifields 
(red horizontal bars, Figure 2) was found to be within the 
90% confidence interval (cyan error bars, Figure 2) of the 
TTH difference between left and right visual cortex (blue bars, Figure 2). Comparing 
between “+” and “-“ conditions with the same relative lanteicies, TTH timing indicated 
that BOLD fMRI can significantly distinguish between left-preceding-right and 
right-preceding-left stimuli when latency was 100 ms (permutation test, p=0.016) or 
longer. InI at 100 ms temporal resolution can reliably distinguish between neither 
“±1/30” conditions nor “±1/60” conditions. 
DISCUSSION 
In this study, we quantitatively investigated the limits of relative temporal accuracy in 
BOLD fMRI using InI. Previous studies suggested the relative temporal accuracy of 
visual cortex fMRI response to delayed hemifield stimulus was around 500 ms with a 
TR = 400 ms [5]. InI with TR = 100 ms further demonstrated that the relative timing 
accuracy of the BOLD response within visual cortex can be as precise as 100 ms. 
Despite the complex dynamics of neurovascular coupling and changes O2 metabolism, 
blood flow, and blood volume, BOLD responses, after careful processing— as 
achieved by aligning the responses within visual cortex to short-latency differences in 
visual hemifield stimulation described here—can provide highly accurate relative timing 
information. Such information can be useful in elucidating the cascade of activated 
brain areas during tasks and cognition.  
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