AR T4
43 (4) : 530-537, 2005

RSB R R aERHALEICH T D RREDFERAVVE
N=RT71 Y RELDHHA

TR EE RS S A1 [y

Use of the Wavelength Differential Method to Eliminate Baseline Drift
in the Assessment of Cerebral Function Using NIRS

Toru YamMapa,” Shinji UMEYAMA™

Abstract The estimation of oxy-and deoxy-hemoglobin (HbO:> and Hb)concentration change in cerebral
blood flow by near infrared spectroscopy (NIRS) has been being used for the assessment of cerebral function in re-
cent years. However, some oscillating artifacts in the estimation seen even when subjects are in the resting state
have made practical application difficult. This paper focuses on a method to eliminate the artifacts and level the
baseline in the estimation. At first, we examined the appropriateness of the two-component model generally used
in NIRS estimation, in which it is believed that HbO: and Hb alone cause the changes in absorbance. Several esti-
mations based on observations at different wavelength couples were carried out. If the two-component model is
appropriate, these estimations should be identical. However, they significantly differed from each other. In order
to avoid this problem, we introduced a wavelength-independent component into the model. This component repre-
sents factors such as light scattering, transmittance change in optics, and absorbance change caused by other
matter, which are not considered in the two-component model. The wavelength-independent artifact was elimi-
nated by using the differences in absorbance at the point of wavelength coupling. The Wiener filter was used to
stabilize the estimation. Compared with the two-component model, the proposed three-component model was able
to level the baseline in the estimation of concentration change well. The power spectra of the concentration
changes estimated by the two models were also compared. A peak at about 1.2 Hz correlating with the heartbeat
was observed in the case of the two-component model; however, it disappeared when the three-component model
was used. This method is useful to eliminate artifacts in the estimation of concentration change in HbO: and Hb
since it does not require any modification when used with multi-wavelength-type NIRS hardware.
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Fig. 1 The optical model on the estimation of HbO2 and Hb
changes in cerebral blood flow using NIRS.
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Fig. 2 Estimations of changes in HbOz and Hb based on the two-component model.
The change in absorbance by finger tapping was recorded at the parietal area of a human adult.
Part A shows estimations using reported absorption coefficients. In part B, the absorption coef-
ficients were modified to minimize the standard deviation of the three different curves in part
A, in order to consider the errors in absorption coefficients caused by deviations in the emission
wavelength of the light source. In both parts, black, dark gray, and light gray lines are based on
detections at 780 nm and 805 nm, 805 nm and 830 nm, and 830 and 780 nm, respectively. Upper,
middle, and lower frames show x1: oxy-hemoblobin, x2: deoxy-hemoglobin, and the task.
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Fig. 3 Comparison of estimated changes in HbO2 and Hb us-

ing three different methods.

Most upper, second upper, third upper, and lowest
frames indicate estimations using the inverse matrix
m~L, the Wiener filter K, the pseudo-inverse matrix
(the two-component model) M*, and task, respect-
ively. Each estimation was normalized by its standard
deviation. Black and gray lines show HbO2 and Hb,
respectively.
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Fig. 4 Comparison of power spectra of estimated changes in HbO2 and Hb based on two models.

The absorbance change was recorded at the parietal area of a human adult in resting. Frames A
and B show spectra of HbOz and Hb, respectively. Estimations using the proposed three-component
model and the two-component model are figured with black and gray dots, respectively, in both

frames.
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