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Abstract: The aim of this study is to point out the uniqueness of Doppler optical coherence tomography (DOCT) for
use in a probe station for (in vivo) visualization of microscale flow and structure and to maximize the effectiveness of
DOCT by overcoming its limitations. Conventional DOCT produces images of only one of the velocity components
that is parallel to the incident light. In this study, a multi-angle DOCT to quantify a velocity vector field is proposed;
this is an extension from a velocity scalar field to a vector field. Quantifying an instantaneous three-dimensional
velocity field in a pulsating flow is another challenge because of its limited frame rate. The in-vivo pulsating blood flow
is measured by using an electrocardiogram-gated multi-angle DOCT in a hamster cheek pouch model. It is shown that
the aliasing problem caused by a relatively low frame rate is resolved by using this method of measurement.
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Fig. 1 Schematic of fiber-based, spectral-domain DOCT:
a 130 nm wide spectrum was sampled by a
1x1024 InGaAs detector array at 7.7 kHz.
Imaging depth and depth resolution were 3.4 mm
and 8 um in air, respectively. A 2-axis scanner
with two galvo mirrors was used. A flow channel
with a 300 um inner diameter was rotated by 6 in
the xy plane from x-axis and ¢ from z-axis. BD,
Beam Divider; CM, Collimator; DG, Diffraction
Grating; FC, Flow Channel; FL, Focusing Lens;
LCL, Low-Coherence Light; LSC, Line Scan
Camera
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Fig. 2 The three parts (A, B and C) of the developed
beam divider make six different beam paths: AA,
BB, CC, AB, BC, and AC. Figure 2 shows the
case of BC and depicts how Akgc is produced.
Each path generates one Ak and experiences
different path length delay (shown in the
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different thicknesses. BD, Beam Divider; FL,
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Velocity vectors were identified from the
Doppler images shown in Fig. 3%
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gating signal for data acquisition, and signals for
the 2-axis scanner shown in Fig. 1
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Fig. 7 Vector field of phase velocity was measured
along blood vessels in a hamster cheek pouch.
The first column shows velocity vector field
obtained by the multi-angle DOCT without ECG
gating. The black lines (no flow) in the top view
resulted from aliasing problem. Other columns
show phase velocities acquired using the ECG-
gated multi-angle DOCT with different delays
(T4/Ty). Blood velocity was largest at 22.7%
delay
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