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Abstract: Blood coagulation is an extremely complicated and
dynamic physiological process. Monitoring of blood coagulation
is essential to predict the risk of_hemorrhage and thrombosis
during cardiac surgical procedures. In this, a high throughput
microfluidic chip has been developed for the investigation of the
blood coagulation process under temperature and hematocrit
variations. The electrical impedance measurement for the
definition of blood coagulation process provides a fast and easy
measur ement technique. The microfluidic chip was shown to bea
sensitive and promising device for monitoring blood coagulation
process even in a variety of conditions.
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1. INTRODUCTION

Blood coagulation is a complexdynamic physiological
processby which clots are formed to end bleeding at
injured site.

During heartbypass surgery, blood is diverted out of the b
to a heartung machine, which maintains he- and lung
function.The machine is operated byper fusionist, whose
role includesmonitoring appropriate parameters to ensure

the patient is

effectively treated with an anticoagulant to avbldod clots.
Forthis purpose, heparin, an anticoagulant drug

administered during surgeryfeowed by ¢ rapid reversal
afterwards to prevent excessive bleeding.

1 To maintain the delicate balance betv clotting and
bleeding, the clotting time of the patient is morgt every 30
to 60 minutes during surgery and several times surgery,
until a normal clotting time is restored.

2 Currently, blood samples taken fronpatient’s intravenou
line are teted at bedside, with measured clot-time values
used to adjust the anticoagulation therapy.
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2. ELECTRICAL
MEASUREMENT OF BLOOD COAGULATION

(PSA). The blood sample applied to one reservdidfithe
microchannel.

Blood coagulation in the body is modeth by a This was contacted by the screen-printed electroabsch
number of cellular and other active components. Thevere in turn interfaced to the AD5933 circuit
coagulation cascade describes the components of blood and

channels are bonded using a pressure-sensitivesiadhe

how they are involved in the process of clot foliorat As the
cascade becomes activated, the blood progresses &o
nonclotting to a clotting state, causing changes buth
molecular charge states and effective charge ntpbilihe
final steps of the cascade involve two componeht®mbin
and fibrinogen. Thrombin acts by cutting the fibrinogen,
forming fibrin filaments—which spontaneously aggrtsy
The endpoint of clotting time has been definedhastime at
which a fibrin clot is formed.

By monitoring the global impedance afclotting
blood sample, the changes in conductivity assatiaith clot
formation are measured. To evaluate instrumenppednce,
the clotting time
determined from the data was correlated to a “gtéchdard”
clinical measurement of clotting time.

3. THE BLOOD-COAGULATION MEASUREMENT
SYSTEM

The interface between the blood-sample delivery #mel
measurement instrumentation is critical. In thiseca specific

POLYMER
MICROCHANNEL

CLOTTING TIME

IMPEDANCE
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Ag/AgCl
ELECTRODES

. A schematic illustration of the

impedance measurement system with the polymer
microchannel that contains the blood sample to basured is
showm. It allows the sample to interact with theedfic
reagents that modulate the clotting event, andteseshe
interface  between the sample and the AD5933
instrumentation.

4. BLOOD SAMPLE HANDLING

Fresh whole blood was mixed with 15% acid citraggttbse
(ACD) ant icoagulation solution at the slaughterse in
order to prevent coagulation during transportatibhen, the
blood was passed through a sponge to filter outuiitips,
such as hair and fatty tissue, and discarded whEnev
coagulation is observed. The whole blood was suleswty
centrifuged at 3,200 rpm for 12 min to separatebtbed into
the composition of packed erythrocytes and thenpdasThe
red blood cells were then rinsed twice by a buffesaline
solution. Then, the erythrocytes and the plasma wtared at
4°C before the experiments. Blood sample in storags
discarded if the experiments were not started withieek.

microfluidic channel into which the blood sample swa 5. MEASUREMENT OF THE BLOOD SAMPLE UNDER

delivered was designed to connect to
instrumentation circuit

(Figure). The microfluidic device consists of thiagers. The
bottom layer comprises two screen printed elecspadich
were connected to the input/output port pins of AR5933
circuit. The top micromolded polymer channel cotssaf two
reservoirs connected via a microchannel.
reagents that modulate the clotting reaction caldrgained
either within this microchannel or on the centraining

layer. The top- and bottom

The chaAmic

the AD593 TEMPERATURE AND HEMATOCRIT VARIATIONS

The red blood cells aggregation is a normal, rebkys
physiological process occurring in whole blood.idt the
kinetics of rouleaux formation depending on theioas
parameters, such as temperature and hematocrit.
aggregation may increase blood viscosity, increfiegy
resistance, form sludge blood in vessels, incretise
interaction of leukocytes with the endothelium, grdmote
blood coagulation. As the coagulation mechanisindsiced,
thrombin acts as an enzyme to convert fibrinogea fibrin

The
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fibers that enmesh blood cell and plasma. The bl (6]

becomes a solid gel and a clot forms that compriges
meshwork of fibrin fibers running in all directiotisat entrap
erythrocytes and plasma. The coagulation of blogdam
extremely complicated and dynamic process andvibik is
to investigate the blood coagulation process basedhe
electrical impedance change of the blood.

Prior to each measurement, the erythrocytes angldmma
were taken out from the storage and placed at room
temperature for 30 min. Then, the whole blood sanwehs
mixed by the erythrocytes and the plasma at aicevtdume
ratio. The ratio is represented by hematocrit. Bloo
coagulation is induced by adding 0.5 M Casiilution into
the blood sample in the volume ratio of 1:10. Herfo@ pl
blood sample was loaded to the well on the micidituchip

by manual pipetting. The chip was placed in a tautpee
controlled incubator and investigation of the blamdgulation
process was started. Electrical impedance of theocbl
including magnitude and phase angle was measuredsathe
electrodes. Potential of 0.1 V was applied anditiigedance
was measured from 100 Hz to 10 kHz. The impedarice o
blood was recorded continuously with a step of 80 sntil

the finish of blood coagulation.

5. CONCLUSION

The AD5933 single-chip impedance analyzer has been
successfully applied to the measurement of bloguethance
changes during coagulation. It offers flexibiliggower, and
size advantages to

the end user over the existing commercially avélab
solutions. Combining integrated-circuit technolagief this
sort with new technologies in other media, such as
microfluidics and sample handling, provides a pduler
platform for future medical device

research and development.
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