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Intraoperative visualization of epileptic networks: a simultaneous near-infrared
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Stimulation
50 Hz, 5 mA

Fig.1 Language network analysis using simultaneous NIRS and electrocorticography recordings (A)
Recording electrodes on 3D brain surface image. Stimulation delivered via a single electrode (shown
as a black circle), which was located on the left superior temporal gyrus (STG), elicited speech
disturbance. This site was regarded as a language area. Areas of stimulated electrodes for
simultaneous NIRS and electrocorticography recordings are shaded. A pair of horizontally
neighboring electrodes was applied for stimulation. Consequently, six pairs of electrodes were
stimulated in the left lateral temporal surface. (B) The HbO2 data at 7.8 s after stimulus onset were
topographically overlaid on the 3D brain surface image. Note that 50 Hz stimulation of STG elicited
activations not only in STG but also in the left inferior frontal gyrus (IFG) concurrently. (C) Time-
course changes of HbO2 and HbR in STG and IFG. Two representative responses are shown (solid
and dotted lines). The vertical bar indicates the cortical stimulation interval. At both sites, HbO2
increased immediately after stimulus onset, peaking approximately 6-8 s after the onset, and HbR
showed a moderate concurrent increase. The HbR increase in IFG peaked about 0.5-1 s later than
that in STG. Reprinted from Sato Y et al, 2012
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Fig. 2 Ictal NIRS and electrocorticography (ECoG) study. (a) Preoperative magnetic resonance T1-

weighted axial and T2-weighted sagittal images, showing a significant lesion extending to the right
supplementary motor area. The characteristic appearance of iso T1 and high T2 signal intensity
indicates a dysembryoplastic neuroepithelial tumor. (b) Placement of NIRS probes and subdural
electrodes, and the results of cortical mapping. The bilateral motor associated frontal surfaces were
sufficiently covered by the placed probes. The central sulcus is indicated by the thick black line
and white arrowheads. Each electrode number corresponds to those in Fig. 2c and 2e. (c) Ictal
ECoG, demonstrated with a reference montage (averaged reference from electrodes #17 and #18).
Ictal ECoG onset (black arrow) started with low amplitude fast activity predominantly at #46,
which was determined to be a seizure onset zone (SOZ), and followed by sharp-slow complexes in
the neighboring premotor cortex (PMC) (#41 - #43, #47 and #48). As the seizure entered the
tonic phase, epileptic discharges showed higher amplitude, spread diffusely, and lasted longer (up
to 17 s). A 3-sec epoch (shaded in grey) at 20 electrodes (#29 - #48), where the most prominent
high-frequency oscillations (HFO) were obtained, was placed for making the topographic images of
the averaged powers as shown in Fig. 2e. (d) Consecutive topographic images on ictal NIRS study
(lower row) and the corresponding seizure appearance (upper row). Each number (O through @)
corresponds to the numbers in Fig. 2c, shown above. (e) Consecutive 3-s topographic images,
showing that high-power HFO (80 to 220 Hz) started at SOZ (#46) and PMC (#41 to #43), then
shifted to the sensorimotor cortex (SMC) (#29, #30, #34, #35, #39, and #44) 15 to 2 s later. This
propagation pattern was very similar to that of the right hemisphere in ictal NIRS study, starting
at SOZ (@) , and the right PMC (®) and then continuing to the right SMC (®) as shown in Fig.

2d. Reprinted from Sato Y et al, 2013,
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Fig. 3 Intraoperative NIRS study during direct cortical stimulation. (A) Results of video-
electrocorticography monitoring and functional cortical mapping. 3D brain surface images show the
recording electrodes (pale blue) and brain tumor (green). The seizure onset zone (SOZ) (square)
was confirmed to reside in the medial surface. The sites in which stimulation induced habitual
seizures (closed square) were noted anterior and posterior to SOZ. Before partial tumor resection,
both the foot motor area and SOZ were stimulated for intraoperative NIRS study (stars). UE:
Upper extremities, LE: Lower extremities, CS: Central sulcus. (B) Our novel device for the
intracranial setting of four NIRS probes. During surgery, this device was wrapped by a sterilized
cover, fixed by spatula retractors, and placed on the brain surface. The probes were placed to
cover the lateral cortex including the primary motor cortex. (C) Time course changes of HbO2 and
HbR. The left picture shows the relationship between the sites of each of the four probes (circle)
and subdural electrodes. Recording sites of NIRS were a, b, ¢, and d. No hemodynamic changes
were noted in any sites when the foot motor area was stimulated at the intensity of 20 mA. Both
HbO2 and HbR increased in the hand motor areas when SOZ was stimulated at an intensity of 16
mA (b and ¢). In the trunk motor areas (a) and the premotor cortex (d), hemodynamic changes
showed a pattern of increased HbO2 with decreased HbR. Reprinted from Fukuda M et al, 2015”.
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Summary

Intraoperative visualization of epileptic networks: a simultaneous near-infrared
spectroscopy study during direct cortical stimulation

Yosuke Sato, Masafumi Fukuda, Keisuke Sato, Yukihiko Fujii

There has been no definitive method capable of intraoperatively evaluating epileptic
networks in epilepsy surgery. We challenged the intraoperative visualization of epileptic
networks by using simultaneous near-infrared spectroscopy (NIRS) recording during direct
cortical stimulation. We conducted a series of studies consisting of 1) a language network
analysis using simultaneous NIRS and electrocorticography (ECoG) recordings, 2) a localization
and propagation analysis of ictal activity by simultaneous NIRS and ECoG recordings, and 3) an
intraoperative epileptic network analysis using a simultaneous NIRS during direct cortical
stimulation. These results suggested the use of intraoperative NIRS is technically feasible
during epilepsy surgery, and that a simultaneous NIRS during direct cortical stimulation is very
useful to depict epileptic networks. Our study will lead to further development of intraoperative
visualization of epileptic networks.
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