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DopplerDopplerDopplerDoppler flowflowflowflow inininin IntralipidIntralipidIntralipidIntralipid
� Solutions of Intralipid with concentrations varying from 1.2 to 23.2 volume percent

� Measures light amplitude as a function
of depth just as ultrasound imaging,
however interferometry is used instead of
time of flight

� Solutions of Intralipid with concentrations varying from 1.2 to 23.2 volume percent
� Perfusion pump at 50 ml/hour for flow through a 500 �m flow cuvette
� OCT signal attenuation and Doppler flow profiles are measured
OCTOCTOCTOCT signalsignalsignalsignal attenuationattenuationattenuationattenuationtime of flight

� Interferometry is done in a Michelson
geometry, depth information is encoded
in periodic modulations of the broadband

OCTOCTOCTOCT signalsignalsignalsignal attenuationattenuationattenuationattenuation
The attenuation measurement shows a sub-linear increase in �t with increasing
Intralipid concentration. Since the absorption is almost constant, we attribute the sub-
linear increase of �t to dependent scattering. Due to the coherent addition of wavesin periodic modulations of the broadband

light spectrum, which is measured with a
spectrometer
� We use a home-built spectral-domain ��
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linear increase of �t to dependent scattering. Due to the coherent addition of waves
scattering on closely spaced particles, the scattering efficiency is lower than expected
[1].
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� We use a home-built spectral-domain
OCT system operating at 1300 nm with
an 18 �m spatial resolution and a 97 dB
sensitivity
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As in the Doppler effect of sound, for light the
frequency changes when it is scattered and/or
emitted from a moving object. In Doppler OCT,
light backscattered from a moving scattering

DopplerDopplerDopplerDoppler flowflowflowflow
Doppler profiles are becoming more non-parabolic
for increasing Intralipid concentrations. This effect is
due to multiple scattering. Multiple scattering events
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light backscattered from a moving scattering
medium will be Doppler shifted according to:

due to multiple scattering. Multiple scattering events
increase the Doppler shift for photons that travel
deeper into the tissue. Multiple scattering effects in
Doppler flow are described by a model of Yura et � ��� ���� ���� 
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with the flow vector, � the refractive index, λ the
wavelength and θ the Doppler angle.
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Doppler flow are described by a model of Yura et
al.[2] [ ]{ }���� ��
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wavelength and θ the Doppler angle.
with � the refractive index, λ the wavelength, � depth,
and θrms, the rms scattering angle. This model shows
that fDoppler saturates for highly scattering media, as
can be seen in our data.
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DopplerDopplerDopplerDopplerDopplerDopplerDopplerDoppler benchmarkingbenchmarkingbenchmarkingbenchmarkingbenchmarkingbenchmarkingbenchmarkingbenchmarking
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DopplerDopplerDopplerDoppler OCTOCTOCTOCT

can be seen in our data.
�  �� � "� " 

�+�

�+ 

'����
	�	(�����������	����)�
�*�
���

�

( ) 





=∆ ∑ +

�
�� ����

�
� ����

�
	
� �

�φ
DopplerDopplerDopplerDoppler OCTOCTOCTOCT
The Doppler frequency shift is measured by
determining the phase shift between
successive A-lines. In this way the spatial
distribution of the Doppler shift can be
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Rms scattering angle shows a slight increase for
increasing Intralipid concentration (g factor
decreases). Large variations in θrms are due to flow
instabilities.
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distribution of the Doppler shift can be
determined.
BenchmarkingBenchmarkingBenchmarkingBenchmarking
The OCT system is calibrated on the reflection
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rms
instabilities.
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The OCT system is calibrated on the reflection
of a mirror. The phase stability of the peak
signal is measured. This leads to a minimum
detectable Doppler shift. The maximum σ

Conclusion/DiscussionConclusion/DiscussionConclusion/DiscussionConclusion/DiscussionConclusion/DiscussionConclusion/DiscussionConclusion/DiscussionConclusion/Discussion

� �s measured with OCT saturates at 4.5 mm-1 for Intralipid concentrations
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detectable Doppler shift. The maximum
Doppler shift is determined by the camera
linerate.
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π
σ � �s measured with OCT saturates at 4.5 mm for Intralipid concentrations

larger than 10 vol.% This effect is attributed to dependent scattering
� Multiple scattering model of Yura et al. fits the Doppler data well
� At low Intralipid concentrations, multiple scattering has significant effects on"� 
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� At low Intralipid concentrations, multiple scattering has significant effects on
the Doppler shift, although the OCT attenuation is well described by single
backscattering model

� Slight increase of g-factor for higher Intralipid concentrations�"�
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λ
� Model of Yura et al. is only for high g media, but fits the data for Intralipid

very well (g=0.33), even though sin θ≠θ
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DopplerDopplerDopplerDoppler OCTOCTOCTOCT measurementmeasurementmeasurementmeasurement
Doppler OCT is performed on a low
Intralipid concentration sample (0.5 vol.%)
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Intralipid concentration sample (0.5 vol.%)
in a 500 �m flow cuvette. A parabolic flow
profile is measured as would be expected
from the Navier stokes equation for 


�

)

�

�

���
���

�
���

���
���

��*
���

�

from the Navier stokes equation for
laminar flow in between two plates.
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