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High Sensitivity Spectroscopic Measurements of Optical Transmission Characteristics of
a Biological Tissue Phantom “Intralipid-10%” Using Optical Heterodyne Detection

Method
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Using a highly sensitive spectrophotometer based on optical heterodyne detection method, we
have measured the transmission characteristics of Intralipid-10%, a fat emulsion frequently used
to simulate light propagation in biological tissues, in the visible and near-infrared regions ranging
from 458 nm to 1319 nm. Excellent linearity between the logarithm heterodyne signal intensity of
transmitted light and the concentration of Intralipid-10% mixed with saline was observed over a
wide dynamic range of 120 dB (12 orders of magnitude of detected intensity), indicating that it
should be feasible to use our newly developed system for spectroscopic measurements of highly
scattering media, such as biological tissues. Scattering coefficients of Intralipid-109% were
measured at various wavelengths, and its wavelength dependence was derived quantitatively.
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| Fig. 1. Schematic diagram of the highly
M sensitive spectrophotometer based on
optical heterodyne detection method for
spectroscopic measurement in highly
Computer Spectrum scattering medium. L;, L,, Lenses ; BS,,
analyzer BS,, beam splitters; M;, M,, mirrors;
AOM,, AOM,, acousto-optic modulators.
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Fig. 2. Absorption characteristics of saline through 10
mm pathlength in the near-infrared wavelength region
with 1 nm spectral resolution.
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Fig. 3. Transmission characteristics of Intralipid-109
with various concentrations in saline in the wavelength
region from (a) visible (457.9-700nm) to (b) near-
infrared (750-1319 nm).
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Fig. 4. Detected heterodyne signal intensity through
various pathlengths of Intralipid-10%-saline solution, A:
457.9 nm, Intralipid-10% concentration: 5 ml/L (), and
A: 750 nm, Intralipid-109 concentration : 20 ml/L (@).

Table 1. Measured scattering coefficients of Intralipid-10%.

Wavelength Scattering coefficient
(nm) (X102 ml~*+L+emm-™?)
457.9 9.21
487.9 7.86
514.5 6.72
632.8 4.12
700 2.99
750 2.42
800 2.15
850 1.87
900 1.58
1064 1.02
1319 0.57
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= . - 26 + Ours
E 01F 3 Hs(1)=0.0122x 1 o Staveren”
< r 2 SR
- N 4 Pickering
= o
£ 0.04 © Moes™
§ . o Horinaka™
o
=) )
£ 001}
[9)
=
3
® 0.004 —L
0.4 0.7 1 14

Wavelength (um)

Fig. 5. Measured scattering coefficient of Intralipid-10%
as a function of wavelength in visible and near-infrared
regions. For comparison, measured values reported by
other groups are also indicated.
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Table 2. Comparison of scattering coefficients of Intralipid-109 as reported by other optical methods.

Wavelength Scattering coef. Qur value
measured (nm)  (X1072ml~'+Lemm™) Method Group (x10~2ml~'*Lemm™)
457.9 10.9 Collimated transmission Staveren ef al., 19919 9.21
514.5 7.7 measurement and fluence 6.72
632.8 4.76 rate measurement 4.12
1064 1.36 1.02
632.8 5.7 Double integrating sphere Pickering et al., 1993'% 4.12
method 4.12
632.8 5.61 Collimated transmission
measurement
633 3.86 Collimated transmission Moes et al., 1989%® 4.12
measurement
800 2.1 Collimated transmission and Horinaka et al., 19959 2.15

polarization modulation

measurement

B LU 750nm & 20 ml/L OBAORERRERY. WK
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Fig. 6. Detected heterodyne signal intensity normalized
by maximum heterodyne signal intensity as a function of
polarization angle difference between the signal and local
oscillator beams for various concentrations of Intralipid-
109 mixed with saline, saline and air.
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Fig. 7. Calculated penetration depth in various concen-
trations of Intralipid-10% as a function of the wavelength
in visible and near-infrared regions.
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