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Abstract. The possibility to investigate cells in microfluidic flow by using a full 3D morphometry analysis
is highly demanded to achieve information about their healthiness. Recently, the tomographic flow cytometry
by digital holography has been demonstrated to monitor red blood cells in microfluidics environment by
simply applying flux pressure to induce random self-rotation of flowing cells. Here, we provide a microfluidic
solution to engineer the flow with the aim to ensure the full 360 degree of angle rotation of all cells in the
field of view. We test the proposed methods for circulating tumour cells.

1 Introduction

Quantitative phase imaging by digital holography is one
of the most powerful imaging solution to investigate
living biological samples [1-3]. The quantitative phase-
contrast images, that can be recovered by holographic
imaging in microscope configuration, encode the
combination of two biophysical information of imaged
cells, i.e. their refractive index and physical thickness.
Therefore, it is possible to measure them only after a
suitable decoupling procedure [4,5]. On the other hand,
tomographic phase microscopy (TPM) [6,7] permits to
retrieve the 3D refractive index mapping of cells, when a
multiple observation from different views s
implemented. Actually, three main approaches are known
to image cells from different directions, i.e. beam
deflaction [8], mechanical rotation [9] and microfluidic
induced rotation [10,11].

TPM by beam deflection suffers from some limitations,
mainly related to the limited angle scanning range (up to
180 degrees), while TPM by mechanical rotation is
intrinsically invasive, due to the need of manipulating
cells. Actually, a different solution that uses an external
force to manipulate cells have been proposed in ref. [12],
where optical tweezers are used to trap and rotate cells. Of
course, this method needs to a more complicate optical
arrangement related to the use of a second light source to
implemented the optical trapping [13].

Recently, the Tomographic flow cytometry (TFC) has
been demonstrated [10], which overcome the limitation of
the angle scanning range, providing the full 360 degrees
of cells rotation, along with standard optical set-up. In
fact, it uses digital holography in microscopy as the
imaging tool and a microfluidic channel in which cells
move in flow. TFC is successfully applied to reconstruct
the tomogram of red blood cells and diatoms. However,
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the induced rotation of cell is not controlled, thus limiting
the throughput of the proposed tomography system. Here
we show a different solution to overcome this problem, by
a microfluidic engineering of the flow through the fluid
dynamic modelling. In particular, we design the physical
sizes of the microfluidic channel along with the optimal
condition of the pressure pump to ensure the cells
tumbling, i.e. the rotation of cells without mechanical
deformation [11]. In this case, the proposed TFC is
suitable for the continuous in-flow cyto-tomography.

2 Results and discussion

The TFC by digital holography apparatus consist of a
holographic microscope which makes imaging of flowing
cells in a microfluidic channel. The cells tumbling is
induced by the external force, through a controlled
pressure pump. The cells moves and rotate continuously
in the imaged field of view and the holographic recording
with high frame rate is performed. After recording of
video sequence of digital holograms, the numerical
processing is implemented to recover the quantitative
phase-contrast images. In particular, the automatic
focusing algorithm is used to retrieve the axial position of
each cells in the field of view, then the holographic 3D
tracking [14] is employed to realign the detected cells and
a suitable algorithm is used to calculate the tumbling
angles frame-by-frame [10,11]. Finally, the tomogram is
obtained by using the optical projection tomography
method. In figure 1, the complete pipeline of the TFC is
reported with an example of application in the case of
circulating breast cancer cells.
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Fig. 1. Continuous TFC by microfluidic engineering.
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