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Cancer (malignant tumor) is one of the serious threats to human life, causing 13% of all human
deaths. A crucial step in the metastasis cascade of cancer is hematogenous spreading of tumor
cells from a primary tumor. Thus, isolation and identification of cells that have detached from
the primary tumor and circulating in the bloodstream (circulating tumor cells, CTCs) is consid-
ered to be a potential alternation to detect, characterize, and monitor cancer. Current methods
for isolating CTCs are limited to complex analytic approaches that generate very low yield and
purity. Here, we propose a high throughput 3D structured microfluidic chip integrated with
surface plasmon resonance (SPR) sensor to isolate and identify CTCs from peripheral whole
blood sample. The microfluidic velocity-field within the channel of the chip is mediated by an
array of microposts protruding from upper surface of the channel. The height of microposts is
shorter than that of the channel, forming a gap between the microposts and the lower surface
of the channel. The lower surface of the channel also acts as the SPR sensor which can be used
to identify isolated CTCs. Microfluidic velocity-field under different parameters of the arrayed
microposts is studied through numerical simulation based on finite element method. Measure-
ment on one of such fabricated microchips is conducted by our established optical Doppler
tomography technique benefiting from its noninvasive, noncontact, and high-resolution spatial-
resolved capabilities. Both simulation and measurement of the microfluidic velocity-field within
the structured channel demonstrates that it is feasible to introduce fluidic mixing and causes per-
pendicular flow component to the lower surface of the channel by the 3D structured microposts.
Such mixing and approaching capabilities are especially desirable for isolation and identification
of CTCs at the coated SPR sensor.

Keywords : Circulating tumor cells (CTCs); optical Doppler tomography (ODT); microfluidic
chip.

1. Introduction

Cancer is the second most common cause of death
in the world, exceeded only by death form heart
disease. 7.6 million people died from cancer in the
world during 2007 according to the investigation

of American Cancer Society.1–3 As a matter of
fact, the main threat and pathologic process of
cancer is the spreading of circulating tumor cells
(CTCs) to other locations in the body via lymph or
blood (metastasis), the intrusion on and destruction
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of adjacent tissues (invasion). Thus, isolation and
identification of these CTCs is considered to be a
potential important method to detect, characterize,
and monitor cancer.

For isolation of CTCs, there is a tremen-
dous technical challenge besides theoretically
feasibility,3–7 because it is rarely contained in the
whole blood sample, comprising as few as only
one cell per 109 hematologic cells in the blood
of patients with metastatic cancer.8 Among a
few methods that have been developed to isolate
CTCs,5–7 the microchip devices give us a choice
for CTC isolation and identification against the
challenge. They have been successfully used for
many applications but also have a limited capabil-
ity of very low yield to deal with the blood sam-
ple of large volumes (milliliters) of whole blood
samples.8 For identification of CTCs, the com-
plex biology and cytology approaches4–7 normally
time consuming. However, the epithelial cell adhe-
sion molecule (EP-CAM) coated surface plasmon
resonance (SPR) sensor is considered to be a
fast identification method.9–12 Here, we propose a
high throughput 3D structured microfluidic chan-
nel that is able to work with SPR sensor, isolate
and identify CTCs from milliliters of peripheral
whole blood sample in a relatively short period
of time.

In order to evaluate the characteristic of
mixing and approaching of the structure medi-
ated microchip, simulation and measurement of
microfluidic velocity-field in the channel has been
established. The simulation is based on finite ele-
ment method by COMSOL Multiphysics software.
Measurement of actual microfluidic field in the
microchip requests practical measurement method
with high spatial resolution, which fits the excep-
tional advantage of optical Doppler tomography
(ODT). Given the noninvasive, noncontact nature,
and high spatial resolution (2–10 µm), ODT has
a number of potentially important clinical appli-
cations including application on measurement of
microfluidic velocity-field. ODT is one of the func-
tional extension of optical coherence tomogra-
phy (OCT).13 Doppler Effect that light interacts
with moving particles, such as red blood cells
(RBCs) inside biological tissues, causes Doppler
frequency shift in the measured interference sig-
nal. The Doppler frequency shift is detected by
heterodyne detection and translated to velocity
profile. Hence, ODT is used in our previous
studies.14,15

(a)

(b)

Fig. 1. Solid (a) and meshed (b) modeling of the structured
channel by finite element method.

2. Method

The simulation of microfluidic velocity-field in the
structured channel is established by finite ele-
ment method. By COMSOL Multiphysics soft-
ware, the structured channel shown in Fig. 1(a)
is meshed to 12,000–26,000 spatial elements auto-
matically depicted in Fig. 1(b). By incompressible
Navier–Stokes formula, the numerical solution of
each element is obtained, including viscous force in
boundary elements as well as 3D velocity compo-
nent and pressure. Key parameters that are used to
evaluate the microchip includes velocity component
in vertical and horizontal direction near the lower
surface, viscous force at the lower surface, and cross-
sectional velocity distribution.

The ODT system for the measurement of
microfluidic field is shown in Fig. 2. The velocity is
measured based on phase-resolved ODT by compar-
ing the phase change of each pixel between sequen-
tial axial scans.15,16 The spatial resolution of our
ODT system is 7.5 µm and the velocity sensitivity
is 10 µm/s (1 × 10−5 m/s) with a velocity range of
−6.0 × 10−3 m/s to 6.0 × 10−3 m/s.14,15,17

3. Simulation and Measurement

3.1. Simulation

Four different models with different parameters of
the microposts array of the structured channel have
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Fig. 2. Schematic of fiber-based optical Doppler tomography (ODT) system.

Table 1. Parameters of microposts array of the structured
channel in simulation.

Distance Diameter
Model (µm) (µm) Distribution

1 100 50 Equilateral triangular array
2 200 50 Equilateral triangular array
3 100 30 Equilateral triangular array
4 100 50 Squared array

been established in the simulation. The simula-
tion results include velocity component in vertical
direction and horizontal direction near the lower
surface, viscous force at the lower surface, and cross-
sectional velocity distribution. The parameters of
the microposts array are shown in Table 1.

Velocity component in vertical direction near
the lower surface is shown in Fig. 3. The result

Fig. 3. Distribution of vertical velocity near the lower surface corresponding to models 1 to 4.

indicates existence of microfluidic flow in vertical
direction, and hence a mixing effect is realized.

In order to isolate the CTCs, a period of dura-
tion time of contact between CTCs and coated
SPR sensor surface is required. The duration is
dependent on the horizontal velocity near the lower
surface. Macroscopically, the x component of this
velocity is related to flux of the entire microchip
and influences the isolation efficiency of the chip.
Figures 4(a)–4(d) are the simulation results of hor-
izontal velocity near lower surface based on models
1 to 4.

Simulation result of viscous force at the lower
surface is shown in Fig. 5. The color bar denotes
the magnitude of the viscous force at x direction. It
is obvious that the structured channel with micro-
posts array mediates the viscous force at the lower
surface.
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Fig. 4. Velocity component in horizontal direction near lower surface.

Fig. 5. Viscous force at the lower surface.

For comparison consideration, cross-sectional
distribution of velocity is also simulated as shown
in Fig. 6.

3.2. Measurement

Microchips having structured channel are fabri-
cated using polydimethylsiloxane (PDMS) and one
of them is measured by our ODT system. The chip
under measurement is shown in Fig. 7. Parame-
ters of microposts array in this chip is the same
as that in Model 1. The diameter of micropost is

50 µm, the distance between microposts is 100 µm,
and equilateral triangle distribution of the microp-
osts is arranged.

Aqueous solution of polystyrene beads is
adopted instead of actual blood sample, the con-
centration is 25% and diameter of the polystyrene
beads is 0.53 µm. Cross-sectional images of the
microfluidic chip are shown in Fig. 8.

Figure 8(a) is the structural image of the
microchip, and the brighter area denoting the flow-
ing solution. The measured velocity distribution is
shown in Fig. 8(b), corresponding to the simulation
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Fig. 6. Cross-sectional distribution of velocity.

Fig. 7. Microchip used in measurement.

Fig. 8. Measurement and simulation results of cross-sectional distribution of velocity.

velocity distribution of Fig. 8(c). The magnitude
of the velocity is represented by the color bar at
right side of Fig. 8. Red area in Figs. 8(b) and
8(c) is the position with higher velocity. The veloc-
ity distributions of simulated and measured are not
exactly the same, because of fabrication precision
in microchip and difference between aqueous solu-
tion of polystyrene beads used in measurement and
ideal water used in simulation.

4. Conclusion

A high throughput 3D structured microfluidic chan-
nel that is able to be integrated with SPR sensor
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to isolate and identify CTCs from peripheral whole
blood sample is proposed. Previous works on the
simulation and measurement of microfluidic field
in this structured channel with microposts array
is presented. The microfluidic field in the channel
is mediated by column microposts protruding from
upper surface of the channel. A gap between the
microposts and the lower surface of the channel is
formed because the different height of the channel
and the microposts array. Microfluidic field under
different distributions, diameters of the microposts,
and distances between them are simulated using
finite element method by COMSOL Multiphysics
software and measurement on sample microchip is
conducted using ODT method through calculat-
ing the Doppler frequency shift based on phase-
resolved. Simulation of microfluidic field within the
structured channel demonstrates that it is feasi-
ble to introduce fluidic mixing and causes per-
pendicular flow component to the lower surface
of the channel by the 3D structured microposts
with appropriate parameters. And measurement
confirms the simulation result by obtaining approx-
imate cross-sectional distribution of velocity. Such
mixing and approaching characteristics are espe-
cially desirable for capture and identify CTCs at
the SPR sensor plane.
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