Journal of Biomedical Optics 5(3), 287-290 (July 2000)

Noninvasive cerebral blood volume measurement
during seizures using multichannel near
infrared spectroscopic topography
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Abstract. Near infrared spectroscopic topography (NIRS) is widely
recognized as a noninvasive method to measure the regional cerebral
blood volume (rCBV) dynamics coupled with neuronal activities. We
analyzed the rCBV change in the early phase of epileptic seizures in
12 consecutive patients with medically intractable epilepsy. Seizure
was induced by bemegride injection. We used eight-channel NIRS in
nine cases and 24 channel in three cases. In all of the cases, rCBV
increased rapidly after the seizure onset on the focus side. The in-
creased rCBV was observed for about 3060 s. The NIRS method can
be applied to monitor the rCBV change continuously during seizures.
Therefore, this method may be combined with ictal SPECT as one of
the most reliable noninvasive methods of focus diagnosis. © 2000 Soci-
ety of Photo-Optical Instrumentation Engineers. [S1083-3668(00)00103-9]
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1 Preface guided to the scalp surface through an optical fiber butille

Recent technological developments sucliRST) and(MEG) mm in diametex. The reflection of infrared light was received
have improved the diagnosis for the epileptogenic foci. Inter- Y @ probe placed on the scalp 30 mm away from the trans-
ictal PET has been widely accepted as a noninvasive methodMitting probe and was guided to a silicon photodiode by an
for focus detection referring to the hypometabolism or hypo- optical fiber. Signal intensities of the near-infrared light of the
perfusion on the focus side. In addition, ictal SPECT which two wavelengths for each channel were separated and ana-
shows hyperperfusion during the seizure has come to be usedyzed to obtain the relative change of total hemoglobin con-
more frequently:* Near-infrared spectroscopfNIRS) is a centration in the brain tissife.
new method to measure regional cerebral blood volume Foreach subject, a shell was made of thermoplastic splint.
(rCBV) noninvasively in daily conditions. Previously we re- The NIRS probes were mounted on the shell so as to cover the
ported that this method can be utilized for measuring brain prospective focus region. Eight channéfeur channels on
activities during finger tapping task. It clearly showed the €ach sidgwere applied in nine patients and 24 chanr@®
localized rCBV increase in the pericentral corfeWe have  on each sidgin the three latest casésases 9, 10, and 12
applied this method to the focus diagnosis in the patients with ~ The scalp hair considerably absorbs the infrared light. It
medically intractable epilepsy. interferes with the NIRS measurement if crossing over the
light pathway. The diameter of the probe tip was made 2 mm
to keep the tip contact directly with the scalp avoiding the hair
2 Cases and Methods from crossing over the light pathway. This makes it possible
Twelve cases with medically intractable epilegfiye males to apply the NIRS even in the haired region.

and seven females, aged between 8 andutlerwent the For ictal measurement, the epileptic seizure was induced as
NIRS measurements. The final diagnosis of the seizure focusfollows. Under the video-EEG monitoring, 0.5 mg/kg of be-
was made mainly based on the intracrai2EG) recordings. megride was injected intravenously, followed by repetitive

The focus was located in the temporal lobe in 10 cases and ininjections (in every 10 $ of 5 mg of bemegride until the
the parietal cortex in two. epileptic spike burst was observed. HMPAO was intrave-
The hardware setup of NIRS recording is illustrated in nously injected immediately after a spike burst appeared on
Figure 1. Laser diodes with the wavelengths of 780 and 840 EEG. The seizure onset time was confirmed by intracranial
nm were used as light sourcksIntensity of the near infrared EEG. SPECT was taken after suppressing seizures with diaz-
light was modulated in several driving frequencies to suppress epam injection. NIRS measurement was done throughout the
the cross talk between the channels and to separate the signalourse of seizure induction at a rate2s along with intra-
of two wavelengths in each channel. The infrared light was cranial EEG. The changes of Hb concentration before and
after the seizure onset were evaluated-bgst. The time win-

This paper was originally scheduled to appear in the October 1999 special dows were set from 30 to 20 s before the EEG-seizure onset
section on Medical Near-Infrared Spectroscopy, but was not available in time.
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Fig. 1 Eight-channel NIRS mapping was done along with HMPAO-SPECT. (A) The probes were mounted on the head shell covering the area of
suspected focus. (B) Their close-up. C-inset: Ictal SPECT. (C) The time course of total hemoglobin concentration around the seizure onset in
temporal lobe epilepsy (case 4). Abscissa; the left NIRS data was subtracted from the right. Ordinate; seconds after the bemegride injection. Note
that the total hemoglobin increased just after the seizure onset and returned to the resting level within 16 s.

and from 10 to 20 s after the onset, which generated 20 dataTable 1 Cases with intractable epilepsy studied with NIRS and ictal
for each time window. This pair of data was Compared by SPECT. The columns named “EEG,” ictal ““SPECT,” and ““NIRS”" indi-
t-test and a significant blood volume increase was determined© the side (R: right; L: left; N: not defin.ite) of the side of suspected
. o focus in each modality. ““sg channels” indicates a number of channels
when it showecp<0.0013|gn|f|can9e. . . . that showed significant rCBV increase during seizures.
Because of the load to the patients, the seizure induction
procedure was done only once for a patient.

Ictal Total sg
Case Age Sex  Focus  EEG SPECT NIRS channels channels
3 Results
Three representative cases listed in the Table 1 are described 1 45 m TEMPORAL R N R 8 2
below.

Case 4: A 40-year-old female with intractable complex 219 F TEMPORAL L N L 8 4
partial epilepsy underwent ictal SPECT along with NIRS 3 27 m TEMPORAL L L L 8 4
monitoring. Eight-channel NIRS measureméinur on each
side, symmetricallywas done with 10 probes implanted on 4 40 f TEMPORAL R R R 8 2
the head shellFigures 1IA) and IB)]._Se|zure activity was 5 40 m TEMPORAL L L L 8 3
observed by depth EEG recorded with depth electrodes im-
planted in the right hippocampus. After the seizure onset, the ¢ 25 f TEMPORAL L L L 8 2
rCBYV increased in the right temporal region, lasting for 30 s
and returning to the resting levifFigure 1C)]. Ictal SPECT 7 25 m TEMPORAL R R R 8 2
(Figure 1, insetshowed rCBYV increase in the right temporal 8 20 f TEMPORAL R L R 8 3
lobe, compatible to the NIRS findings. A seizure focus was
confirmed in the right medial temporal lobe by depth EEG ¢ 21 m TEMPORAL L N L 24 S
recordings. _The right temporal lobectomy was done, releasing 10 28 f TEMPORAL L N L o4 7
her from seizures.

Case 12: An 8-year-old girl with intractable epilepsy was 11 27 f PARETAL R R R 8 3
transferred to our clinic for surgical intervention. Her seizure

12 8 f PARIETAL L L L 24 4

started with tingling sensation in the right arm sometimes fol-
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Fig. 2 20 four-channel NIRS mapping during a seizure of the left parietal epilepsy. Seizure began at 48 s after bemegride injection. (A) Ictal SPECT
showing hyperperfusion in the left postcentral area. (B) NIRS mapping at 65 s after bemegride Hb total increased in the area corresponding to the
ictal SPECT finding. (C) The NIRS mapping on the left was overlaid on the MRI surface image. (D) Time course of [Hb total] at the focus site and
its control on the opposite side. A letter at the left of each column indicates the time after bemegride injection. The rCBV began to increase 5 s after
spike discharge (at 48 s) in the left parietal area.

lowed by secondary generalization. Under EEG and NIRS findings. The small corticectom0 mm by 20 mm in size
monitoring, a seizure was induced with bemegride injection. was done in the left postcentral area resulting in 80% seizure
A seizure began in the left parietal area. Ictal SPECT showed reduction after the surgery.

the hyperperfusion in the left postcentral af€&gure ZA)]. Case 11: This is a 27-year-old female with medically in-
NIRS showed rCBYV increase in the same area as that in ictaltractable epilepsy. Her seizures usually began with simple
SPECT immediately after the seizure onset lasting for about partial seizures with tingling sensation in her right arm, fol-
25 s[Figures 2B) and ZC)]. Figure 2D) shows the time lowed by clonic seizures of her right arm. Secondary gener-
courses of Hb total] at the focus site and its counterpart on alizations were sometimes observed. MRI revealed T2-high
the opposite side. A letter at the left of each column indicates area in the left postcentral gyrus, suggesting cortical dysplasia
the time after bemegride injection. The rCBV began to in- (Figure 3 insets MEG showed spike dipoles gathering in the
creag 5 s after spike dischargat 48 3 in the left parietal abnormal area in MRI. The video-EEG monitoring showed
area. The subdural electrodes demonstrated the seizure spikéhat spike burst discharges began in the left central area before
onset in the left postcentral area which supported the abovethe clinical seizures. Ictal SPECT was performed with NIRS.
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Fig. 3 NIRS and MEG of Case 11. Upper insets: circles represent the spike dipoles by MEG, which are overlapped on MRI. Lower; eight-channel
NIRS mapping during a seizure. Steep rCBV increase was noted after the seizure onset. The rCBV returned to the resting level in 30 s.
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The NIRS probes were placed on bilateral postcentral areasHMPAO-SPECT. They demonstrated obvious hyperperfusion
covering the region with abnormal MRI. A seizure occurred in epileptogenic area when HMPAO was injected during a
with the EEG and clinical patterns similar to the habitual ones seizure or within 30 s after the seizure termination. In this
after bemegride injection. The ictal SPECT showed a hyper- study, we observed compatible ictal rCBV increase also with
perfusion area in the left postcentral region compatible to the NIRS method.
MRI and MEG findings. The NIRS recording showed a steep It should be noted that NIRS measures only the phenom-
increase of rCBV in the left postcentral area immediately after enon in the superficial cortex of the brain making it ideal for
the EEG spike train onsdFigure 3. The increased rCBV  neocortical epilepsy. It is particularly important when we
remained for 30 s and returned to the preictal state. Subduralevaluate the results in medial temporal epilepsy. Ictal SPECT
grid electrodes revealed spike bursts beginning in the left demonstrated that, in most of the cases with medial temporal
postcentral area prior to the clinical seizures. epilepsy, rCBV increased in the ipsilateral lateral temporal
The above findings suggested the focus in the left postcen-cortex as well as in the medial temporal structfiresppos-
tral gyrus. The parietal region including the focus was re- edly according to the seizure spread to these areas. The sei-

sected making the patient almost freed from seizures. zure spread is usually detectable only by intracranial subdural
electrode EEG but not by scalp EEG. This supports the fea-
4 Summary of Cases sibility of the NIRS and its advantage over scalp EEG even in

The results of NIRS measurement in 12 cases are summarizeahe medial temporal epilepsy.

in the Table 1. The seizure foci were confirmed by the EEG

and MRI findings. Ictal NIRS were measured along with the 6 Conclusion

ictal SPECT in all the cases. Ictal SPECT demonstrated dis- |n search for noninvasive methods for focus diagnosis, we

tinct hyperperfusion in the areas surrounding the seizure foci yeached a conclusion that the combination of ictal SPECT and
in seven cases, whereas no obvious hyperperfusion was foung\|rs is one of the most reliable techniques to visualize the
in four cases and one showed an increase on the contralaterghemodynamic changes during seizures. The ictal SPECT of-
side. The NIRS demonstrated rCBV increase in the region of ferg the static tomographic images of rCBV and the NIRS

the focus in all the cases. The increase began within 2-5 sgnaples us to observe the rCBV continuously. If combined,
after the seizure onset confirmed by intracranial EEG, and it these two methods may support each other.

lasted for4d5+ 12.3 s.In cases 9 and 10, rCBV increase began
on the focus side and spread to the other side within 10 s.
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