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Analysis of Neural Networks in the Human Language System:
Near - infrared Spectroscopy during Direct Electrical Cortical Stimulation
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Abstract

In this study, we applied near - infrared spectroscopy (NIRS) recordings during cortical stimu -
lation to a patient with temporal lobe epilepsy. Our aim was to determine hemodynamic changes
of the cortex during direct cortical electrical stimulation, focusing not only on the stimulated
region but also on different regions distant from the stimulated site. An 18 - year - old man pre -
sented with refractory complex partial seizures. To evaluate the epileptic focus, subdural and
depth electrodes were implanted in the left temporal lobe. Using NIRS, changes in blood concen -
trations of oxyhemoglobin (HbO;) and deoxyhemoglobin (HbR) during cortical stimulation of
the left language areas were measured in each cerebral hemisphere covering the language areas.
NIRS revealed that the 50 Hz stimulation elicited significant increases in both HbO, and HbR at
the stimulation site. Furthermore, in the 50 Hz stimulation of the left superior temporal gyrus, the
increases in HbQ, and HbR were observed not only at the stimulation site but also concurrently at
the left inferior frontal gyrus. This suggests the existence of functional connectivity in the lan -
guage system. The present study is the first to demonstrate that NIRS study during cortical stimu -
lation allows a novel analysis of cerebral connectivity.
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1
Placement of NIRS emitters, detectors and subdural

electrodes in the left hemisphere. The electrodes
shown here are only those which were used for stim -
ulation.
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Typical remote hemodynamic response recording
from the anterior language area. A: The pair of black
electrodes indicates the stimulated site, situated in
the left superior temporal gyrus. B: The HbO, data
at 7.8 s after stimulus onset were topographically
overlain on the 3D brain surface image. Note that 50
Hz stimulation of the left superior temporal gyrus
(STG) elicited activations not only in the STG but
also in the left inferior frontal gyrus (IFG) concur -
rently. C: Time - course changes of HbO, and HbR
in the STG and the IFG. The vertical bar indicates
the cortical stimulation interval. In both sites, HbO,
increased immediately after stimulus onset, peaking
approximately 8 s after the onset, and HbR shows a
moderate concurrent increase, The HbR increase in
the IFG peaked about 1.5 s later than that in the
STG.
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