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Novel strategies tor clinical coagulation
diagnostics and therapy monitoring

Clinical coagulation assays are an important part of anticoagulation
measurements and monitoring. Despite the rise of new promising

technologies, traditional coagulation assays were largely

unchanged in the last decades. Here we discuss the application

of microfluidics and nanotechnology to clinical coagulation
diagnostics and anticoagulation therapy monitoring.

by Dr Francesco Padovani and Prof. Martin Hegner

Introduction

Fast, accurate and reliable determination
of multiple coagulation parameters is
crucial for a correct diagnosis of blood
coagulation disorders. The two most
common coagulation assays performed
regularly in hospital environments are
prothrombin time (PT) and activated
partial thromboplastin time (aPTT). These
two assays measure the time required for
the onset of fibrinogen proteolysis that
is followed by the formation of a fibrin
network [1]. The measurement is usually
performed by increased impedance or
turbidity. Upon determination of an
abnormal coagulation time, further testing
is required (e.g. one-stage clotting assays
or chromogenic substrate assays). Despite
their extreme usefulness, these assays are
not factor specific and they are sensitive
only if the factor activity is below 50 %.
Additionally, fibrinolysis, crosslinking, clot
strength or initial blood plasma viscosity
(important mechanical parameters that
relate to coagulation) are not measured,
and finally they do not evaluate or monitor
acute bleeding or thrombosis risk. These
drawbacks demand for the development/
standardization of novel strategies
that can improve the clinical diagnosis
process. Global hemostasis assays such as
thromboelastography (TEG), thrombin
generation, and overall hemostasis
potential are promising technologies that,
despite being around for decades, are not
routinely used by hematologists. These
assays are based on bench-top devices and
require dedicated clinical laboratories and
qualified personnel. Novel strategies based
on microfluidics and nanotechnology
may enable point-of-care testing (with
potential for self-testing), self-monitoring
and a great reduction in sample volume
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Anticoagulation monitoring and
measurement

Accurate,  reliable and  frequent
measurement and  monitoring  of
anticoagulant therapies such as warfarin or
heparin is vital to their effectiveness. When
control is poor, patients experience more
complications such as joint pain, bleeding
and strokes [3]. The gold standards used
for assessing the level of anticoagulation
control are the percent time in therapeutic
range (TTR) and international normalized
ratio (INR). Both of these assays rely on
standardization of the patient’s PT against
an international standard. TTR is usually
calculated with the method by Rosendaal
that employs linear interpolation to
assign an INR value to each day between
successive observed INR values [4].
Therefore, patients who wundergo an
anticoagulation therapy have to frequently
assess coagulation parameters. Systematic
reviews showed that self-testing and self-
management are an effective and safe
intervention [5]. Self-testing devices
should be of simple use, provide fast and
analytically accurate results, and they
should require minimal amount of sample.
Ideally, they should also be portable.

Novel strategies  exploiting
microfluidics and nanotechnology
Novel approaches that employ microfluidics
and nanotechnology have been developed
in recent years. The main advantages
of these techniques are high sensitivity
and a great potential for miniaturization
and point-of-care testing. Some studies
proposed the wuse of quartz crystal
microbalance (QCM) to measure the
viscoelastic properties of blood plasma clot
formation [6-9]. QCM consists of a quartz

is dependent on the mass adsorbed
onto the sensor and on the viscoelastic
properties of the fluid surrounding the
resonator. These studies showed superior
performances to conventional TEG and
required relatively small sample volumes.
However, deconvolution of unspecific
protein adsorption and liquid viscoelastic
properties are very complex, hindering
the potential to accurately measure clot
strength development during coagulation.
Other  studies  employed  surface
plasmon resonance (SPR) detection.
SPR is a popular technology in the field
of biomarker detection. A polarized
light beam hits a glass/liquid interface
causing an electromagnetic field exiting
the glass. If a thin metal film is applied
between the glass and the liquid surface
plasmons are excited. The reflected light is
collected by a sensor and upon receptor/
target recognition the reflectivity curve
shifts [10]. Extrapolation of viscoelastic
parameters is not feasible. To the best of
our knowledge, only PT time was measured
using this technology [11]. Our laboratory
exploited nanomechanical resonators
to quantify coagulation parameters. The
resonators are arrays of microcantilevers
(beams clamped at one end) that oscillate
at high speed. When immersed in a fluid,
the viscosity and density can be measured
in real time by tracking quality factor and
resonant frequency of the oscillation [12].
By combining microfluidics technology,
ensuring uniform mixing of coagulation
reagents, with a high degree of automation
and accurate extrapolation of the results,
nanoresonators demonstrated great ability
to measure clinically relevant coagulation
parameters [13]. Along with PT and aPTT,
other parameters are measured within
the same test run, such as initial plasma
viscosity, clot strength (final viscosity),
initial and final coagulation rates. For
example, patients with severe hemophilia
showed a low initial plasma viscosity,
low clot strength (bleeding), and low
coagulation rates. By mixing hemophiliac
patients’plasma with 30 % of normal control
the coagulation rates and the clot strength
were improved, but not completely restored
indicating the degree of severity (Fig. 1).
To detect deficiencies of specific factors,
an immunoassay can be integrated in situ
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Figure 1. Representation of the suspended microresonators oscillating at high speeds (approx.

300 kHz) and microfluidics set-up. Clot strength (viscosity) curves over time for normal control samples,

mild hemophilia and severe hemophilia patients’ plasma during activated partial thromboplastin time

(aPTT) assays performed with nanoresonators. The array of sensors is first immersed in human blood

plasma (green area) and then, at time O s, coagulation is triggered with the specific reagents (orange

area). Final clot strength, coagulation rates and aPTT values are dependent on the degree of severity.

(Padovani F, Duffy J, Hegner M. Nanomechanical clinical coagulation diagnostics and monitoring
of therapies. Nanoscale 2017; 9(45): 17939-17947 [13] - Reproduced by permission of The Royal

Society of Chemistry.)

within a single test run. Furthermore, the
diagnostic array can be reused repeatably
by regeneration in a cleaning solution [13].
The same microcantilever technology was
applied to measure fibrinolysis in real time.
It is well known that impaired function of
the fibrinolytic system increases the risk of
thrombosis [14]. By pre-mixing a patient’s
blood plasma with tissue plasminogen
activator and performing a PT (or aPTT)
assay, the PT (or aPTT) and the following
induced fibrinolysis can be measured.
Parameters such as starting clot strength,
final dissolved clot strength and 50 % lysis
time (Fig. 2) provide useful information
for assessing the patient’s thrombotic
risk. Finally, anticoagulation treatment
(heparin) was measured with low and
high concentration of heparin mixed with
normal control plasma (Fig. 3). Potentially,
a patient under anticoagulation treatment
could self-monitor their status and self-
manage their therapy according to the
results. For example, the final clot strength
could indicate bleeding risk and the therapy
can be adjusted to suit the particular
needs of the specific patient (personalized
medicine). All these measurements were
performed with a low sample volume
(<20 pl) and a high degree of automation

(reducing operator intervention and
complexity).
Summary
Anticoagulation =~ measurement  and

monitoring employs assays that have gone
largely unchanged for decades. The rise of

~

and nanotechnology carry great potential
for integration with standard clinical
assays. Global hemostasis assays could
pave the way for an improvement in the
current clinical coagulation diagnostics.
Miniaturization, personalized medicine,
point-of-care testing, automation,
self-testing and  self-monitoring are
all interesting approaches that could
overcome current drawbacks of gold
standards in coagulation measurements.
However, all these strategies require more

standardization and more clinical studies
to assess and exploit their potential.
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Figure 2. Clot strength developing over time for tissue plasminogen activator (tPA) assisted fibrinolysis.

Normal control plasma was mixed with a 350 ng/ml tPA solution. After the measurement of the

plasma viscosity, the coagulation is triggered at time O s with PT reagents. As soon as the coagulation

is triggered, the clot strength increases, but at the same time the activity of tPA starts to lyse the fibrin

network. After approx. 32 min, the clot is completely dissolved and the final strength is lower than the

starting plasma viscosity. This difference is due to the fibrin breakage into soft fibrin particles that have

no viscosity. Some of the parameters that can be extracted are PT (see zoom plot), starting clot strength
(C+B), final dissolved clot strength (C), and time (50 % Ly) required to reach half-clot strength (50 %

B). (Padovani F, Duffy J, Hegner M. Nanomechanical clinical coagulation diagnostics and monitoring
of therapies. Nanoscale 2017; 9(45): 1793917947 [13] — Reproduced by permission of The Royal
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Figure 3. Effects of heparin on the clot strength development during an aPTT
test. After measurement of plasma viscosity, coagulation is triggered at time
0 s with aPTT reagents. Higher concentrations of heparin cause a more
prolonged aPTT but the final clot strength is always in the normal range.
(Padovani F, Duffy J, Hegner M. Nanomechanical clinical coagulation
diagnostics and monitoring of therapies. Nanoscale 2017; 9(45): 17939~
17947 [13] - Reproduced by permission of The Royal Society of Chemistry.)
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5th volume in Stago’s “Practical Manual in Hemostasis” collection

The last two volumes

were devoted to anti-
coagulants  (paren-
teral, then oral). Now
the Clinical Develop-
ment Department has
4 turned its attention
4 to the exploration of
bleeding disorders.
The aim of this series launched in 2014
with the objective of publishing one
volume each year, is to provide health
professionals with clear and compre-
hensive medical and scientific informa-
tion relating to their everyday practice
in the wide field of hemostasis. Each
issue brings together a panel of interna-
tional experts.

This latest volume devoted to bleeding
disorders (BD) addresses all aspects of
this complex clinical situation. The diag-
nosis of inherited BD, either the most
prevalent such as von Willebrand dis-
ease, hemophilia A and B or other rare

clotting factor defects, is often frighten-
ing for patients and their families and
constitutes challenging situations for
the clinician. Advances in laboratory
and pharmaceutical technology have led
to an exciting time in the management
of people with these diseases, with the
potential to significantly improve safety,
notably in the perioperative and pro-
phylactic treatment settings, at the same
time improving long-term outcomes
and quality of life. Nine renowned
international authors from Europe and
North America were involved in the
compilation of this book, coordinated
by Stago.

Presented and distributed at the last
Congress of the International Soci-
ety of Thrombosis and Hemostasis
(ISTH SSC 2018 Meeting — Dublin) in
July, this 5th opus was extremely well
received and all 350 copies available
on the Stago booth had gone in just 3
days!

Mainly intended for clinicians and
pathologists, but also for students and
care providers interested in advances in
the field of hemostasis and thrombosis,
the 5 volumes in the series - of which
more than 25,000 copies in all have
already been distributed - are available
on request to Stago.

Practical Manual series - Format A5 -
in English
« Scores and algorithms in Hemostasis
and Thrombosis (2014)
- ref. 28111 - 60 pages
« Antiphospholipid syndrome (2015)
— ref. 29289 - 76 pages
« Parenteral anticoagulants (2016)
- ref. 29618 - 116 pages
« Oral anticoagulants (2017)
- ref. 29691 - 100 pages
« Bleeding disorders (2018)
— ref. 300588 - 116 pages

www.stago.com



