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Abstract
Blood coagulation is an important role in hemostasis

process. In microscopic observation, an aggregation
structure of red blood cells (RBCs) indicates the degree of
blood coagulation. In the present paper, we demonstrate
an observation of a spatial distribution of RBCs in blood
coagulation using digital holographic microscopy. Digital
holograms are obtained for blood of several hematocrit
values, and intensity and phase distributions of
reconstructed images are observed.

1  Introduction
Blood coagulation is an important role in hemostasis

process corresponding to the cessation of blood loss from a
damaged blood vessel [1]. Coagulation disorders increase
a risk of hemorrhage or thrombosis, which leads to severe
diseases related with blood circulation. Many different
techniques have been proposed and developed to detect
the degree of blood coagulation or to observe a spatial
distribution of RBCs. Behaviours of blood coagulation can
be observed at various scales ranging from macroscopic to
microscopic levels. In macroscopic level, blood coagulation
is evaluated quantitatively from a blood viscosity [2]. In an
observation using microscopic technique, such as electron
microscopy, conventional and confocal optical microscopy
and atomic force microscopy, a spatial distribution of
RBCs indicates the degree of blood coagulation.

In the present paper, we demonstrate the observation of
a spatial distribution of RBCs in bloods coagulation using
digital holographic microscopy. The observation using this
microscopy has several advantages in that the three-
dimensional information of an object can be obtained from
a single hologram by a numerical refocus using computer,
which implies the feasibility of the observation of the
three-dimensional coagulation process in real time.

2 Mechanism of blood coagulation
Blood coagulation results from many changes in

chemical and physical properties of blood. The mechanism
of blood coagulation is a complex series of cascading
enzymatic reactions involving proteins, called them blood
coagulation factors. When a blood vessel is damaged, a
prothrombin, which is a protein involved in plasma,
activates and is converted into thrombin. Subsequently,

thrombin converts fibrinogen, which is a blood
coagulation factor dissolved in blood, into fibrin that
radiates from the clumped platelets. The fibrin forms a
meshwork and traps a number of platelets and RBCs, and
then produces an aggregation structure of RBCs. The
reactions in blood coagulation are balanced by a cessation
of coagulation process and dissolve coagulation after the
blood vessel has healed. Without this control system,
minor injuries of a blood vessel could trigger widespread
coagulation throughout the body, which actually happens
in some severe diseases, such as cerebral hemorrhage,
cardiac episode, and pulmonary embolism.

3 Experimental setup and results
Figure 1 shows an experimental setup of digital

holographic microscopy for observing blood coagulation
[3,4]. In this setup, a Mach-Zehnder type interferometer is
used. An optical source is a laser diode (Mitsubishi
ML101J27) with the wavelength of 660 nm and the output
power of 130 mW. The operation temperature is kept to
25.00 ± 0.01 ˚C by means of a laser driver (Thorlab ITC502)
and a temperature-controlled mounter (Thorlab TCLDM9).
Coherent light emitted from the laser diode is collimated
by an objective lens OB1, and is split by a half mirror HM1.
One of the split light waves is reflected by HM2, and is
cleaned by OB2 and a spatial filter SF. It is then collimated
by a lens L again and is used as a reference wave. The light
transmitted through HM1 is reflected by a mirror M3, and
is incident on a test object, where an object wave is
produced. The object wave is magnified by OB3 (Newport
MV-60X, ×60, NA = 0.85). The object and reference waves
are coupled by a beam splitter BS again, and then these
two waves interfere each other. The interference pattern,
called it hologram, is detected on CCD camera (AVT,
Guppy F-146B) with 1392×1040 pixels and a pixel pitch
4.65 μm. The hologram is reconstructed by numerical
reconstruction using angular spectrum method [5]. To
separate DC terms and a twin image from a real image in
the reconstruction plane, a spatial carrier phase is added to
hologram by adjusting the angle of BS. A horse blood is
used as the test object. The blood is adjusted to a
hematocrit 2% and 4%. It is withdrawn into a syringe by
0.02 ml, and is put on a glass slide. To coagulate the blood,
we use a blood coagulant reagent (Axis-Shield PoC AS,
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NC 031021). The coagulant reagent or plasma 0.04 ml,
which is made for a comparison purpose, is added to the
blood on the glass slide, and then a cover glass is put on
the glass slide.

Figure 2 and 3 shows experimental results of intensity
and phase distributions of reconstructed images obtained
from digital holographic microscopy. The reconstruction
distance is determined by the minimum of the contrast of
reconstructed images obtained from numerical refocusing
at a range of distance, which implies they are
reconstructed at the average focal plane in the field of view.
It is found in Fig. 2 that the defocused RBCs increase in the
use of the coagulation agent, which implies the three-

dimensional aggregation structure of RBCs is formed by
blood coagulation. In addition, it is seen in Fig. 3 that
aggregation structure is produced in the horse blood using
coagulation reagent in comparison with that of normal
condition.
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Figure 1 Experimental setup of digital holographic
microscopy.
for observing blood coagulation.
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Figure 2 Intensity distributions of reconstructed images of
horse blood in normal condition and blood coagulation. The
upper and bottom figures are in the case of hematocrit 2%
and 4%. (a), (c) are in normal condition, and (b) and (d) are
in blood coagulation.

Figure 3 Phase distributions of reconstructed images of
horse blood in normal condition and blood coagulation. The
upper and bottom figures are in the case of hematocrit 2%
and 4%. (a), (c) are in normal condition, and (b) and (d) are
in blood coagulation.
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