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Clot waveforms generated by different automated coagulometry are of immense utility
in predicting the risk of bleeding or thrombosis. They are part of global hemostasis testing.
Different automated analyzers use different technology for clotting screening tests. The clotting
screening results depends on the instrument and the reagents used. Hence clot waveform analysis
may have different kinetics based on instrument or reagents used. A baseline characteristic can
help in clinical interpretation.Total 47 voluntary blood donors (23 males and 24 females) between
20-50 years age are included in the study. We have analyzed the kinetics of clot waveform of
Prothrombin time (PT) using Dade Innovin, activated partial thromboplastin time (aPTT) using
Actin FS & Actin FSL and thrombin time (TT) on Sysmex CS2500 automated coagulometry.
The baseline characteristics were analyzed and the reference intervals were determined as
follows: PT using Dade Innovin reagent: 9.8 — 12.0s, its 1st derivative or maximum velocity
(min1): 1.00-2.42 %/s, 2nd derivative or maximum acceleration (min2): 0.14-0.38%/s2, maximum
deceleration (max2): 0.18-0.42 %/s2; aPTT using actin FSL: 26.2-34.5s, min1 2.73-6.17%/s, min2
0.41-0.95%/s2, max2 0.30-0.77 %/s2 ; aPTT using actin FS reagent: 21.2-30.5s, min1 2.73-6.33
%/s, min2 0.37-1.07 %/s2, max2 0.32-0.94 %/s2 ; TT: 16.8-19.6 s, min1 0.57-1.23 %/s, min2 0.08-
0.20 %/s2, max2 0.03-0.11 %/s2 respectively. The clotting time shows an inverse moderate to
weak relationship with maximum velocity, maximum acceleration and maximum deceleration.
Analyzing the normal kinetics of clot waveform helps in understanding the clotting process
and clinical interpretation.
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The prothrombin time (PT), activated
partial thromboplastin time (aPTT) & thrombin
time (TT) are the commonly used screening tests to
evaluate hemostatic disorders. These tests measure
the clotting time of citrated plasma after addition
of different activating agents. The clot formation
is detected manually by visual inspection whereas
optical system or mechanical systems are being
used in automated methods.! These screening tests

analyze the end point of the process of coagulation
cascade, i.e. fibrin clot formation in vitro and the
process of clot formation is represented by the
clot waveform. The qualitative and quantitative
kinetics of clot waveform analysis (CWA) allow
the detection of several thrombotic and bleeding
disorders.?

Changes in characteristics of optical
transmittance or absorbance data from coagulation

This is an
Published by Oriental Scientific Publishing Company © 2022

Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).

QO




2126

assays can be examined for onset and completion
of coagulation, magnitude of signal change, and
rate of clot formation etc. This has formed the
basis of expanded interpretation of coagulation
assays’ optical data for further clinical or research
application.®* A number of recent studies have
shown its advantage and clinical usefulness in
disseminated intravascular coagulation (DIC),
sepsis, hemophilia, assessing the phenotypic
heterogeneity of hemophilia, monitoring
hemophilia therapy, bleeding risk in cirrhosis etc.*®

Different automated coagulation
analyzers use different technology like mechanical
or photo-optical technology for clotting time
assessments. The photo-optical technologies
use either the principle of light transmittance or
absorbance for obtaining the clotting time. With
coagulation the light transmittance is decreased
or absorbance is increased by the formation
of fibrin clot. This process of change in light
transmission or absorption goes through pre-
coagulation, coagulation and post-coagulation
phases. In the initial pre-coagulation phase the
light transmittance is 100% and absorbance is
0%. With the coagulation process, gradually the
light transmittance is reduced and absorbance
is increased till it tends to stabilize with a fibrin
clot. Post-coagulation is normally stable unless
affected by fibrinolysis which results in increase
in light transmission or reduction in absorption.
The whole process of change in optical properties
is represented by a curve known as clot waveform
which is usually linear in pre-coagulation phase,
forms a slope in coagulation phase and again forms
a linear segment in post-coagulation phase. This
indicates that the whole process of coagulation
can be understood as a function of the kinetics
of clot waveform as depicted in the Fig 1. The
change in light transmittance is represented as
delta. The first derivative is derived from the
change in transmittance which is presented
as dT/dt. The maximum velocity at which the
transmittance getting changed is represented
as Minl with corresponding time required to
achieve Minl as Tminl. The second derivative
is derived from the first derivative as d*T/dt*. The
maximum acceleration is presented as Min2 with
corresponding time required Tmin2 and maximum
deceleration as Max2 with corresponding time
required as Tmax2."° Similarly instruments using
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light absorbance technology, the kinetics of clot
waveform are represented by max1, max 2 and
min2 respectively.

An in-depth assessment of CWA can
provide additional clinically useful information
than only clotting tests. But still it is not used
widely as reportable parameter, especially due to
lack of proper standardization."" The aim of this
work is to evaluate the normal kinetics of CWA
and its biological reference interval on Sysmex CS
2500 automated coagulometry.

MATERIALS & METHODS

Selection of reference population

As part of standard protocol 47 healthy
volunteers (23 males and 24 females) were recruited
with informed consent to donate blood samples for
coagulometry reference range verification. Normal
healthy adults of either sex between 20 to 50
years were included in the study. All those on any
medications that could have interfered with clotting
factors and coagulation tests were excluded.
Blood sample collection & sample preparation

All the donors were bled in the morning
between 8 am to 11 am. Blood was collected by
venipuncture in the antecubital vein by evacuated
tube system (ETS) using a 22-gauge needle (Vaku-
8, HMD Ltd) and collected into blue top vacutainer
tubes with 0.109M (3.2%) trisodium citrate in 1:9
(v/v) ratios (BD Vacutainer, Becton, Dickinson
and company). The sample was mixed properly
by inversion. The samples were centrifuged at
2500g for 15 minutes to separate the plasma. All
the procedures were completed within 4 hours
including the individual plasma coagulation assay
for reference interval calculation.
Instrument selection

Individual plasmas were screened
for prothrombin time (PT), activated partial
thromboplastin time (aPTT) & thrombin time
(TT) in the fully automated coagulometry- Sysmex
CS2500 (Sysmex Corporation, Kobe, Japan). The
analysis method is based on clotting method which
determines the clotting time using percentage
detection method based on light transmittance
principle. The level of transmitted light intensity
that is present right after the reagent is added
to the sample but before clotting has started is
defined as 0% clotting, and the level of transmitted
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light intensity that is present after the clotting is
completed is defined as 100%. The time that it takes
for the level of transmitted light intensity to reach
the pretest detection percentage is found from the
reaction curve. Usually the detection percentage
is set to 50% and is defined as clotting time. The
optical detection system uses the principle of multi-
wavelength transmitted light detection method with
5 filters of 340 nm, 405 nm, 575 nm, 660 nm, 800
nm respectively.
Reagent selection

Dade®Innovin® (Siemens Healthcare
Diagnostics, GmbH, Germany) reagents for
Prothrombin time (PT). For activated partial
thromboplastin time assay we had used 2 different
reagents — Dade® Actin® FS activated PTT
reagent (Siemens Healthcare Diagnostics, GmbH,
Germany) & Dade® Actin® FSL activated PTT
reagent (Siemens Healthcare Diagnostics, GmbH,
Germany). Test thrombin reagent (Siemens
Healthcare Diagnostics, GmbH, Germany) was
used for thrombin time (TT).
Clot waveform analysis data collection

The clotting time data were recorded in
the automated analyzer. The research data like
maximum velocity Minl, time to Minl (Tminl),
maximum acceleration Min2, time to Min2
(Tmin2), maximum deceleration Max2 and time to
max2 (Tmax2) were taken for the study from the
analyzer database. All the data were anonymized
for statistical analysis.
Statistical analysis

Statistical analysis was done using IBM
SPSS statistics software version 20. The quantitative
variables are analyzed by Kolmogorov—Smirnov’s
test to ascertain normal Gaussian distribution.
The parametric data were analyzed by one sample
t-test and the mean, standard deviation (SD)
were calculated. The non-parametric data were
presented as median and interquartile range (IQR).
The normal reference ranges were calculated as
mean + 2SD for parametric data and 25% to 75"
percentile for nonparametric data. The associations
between two quantitative variables were analyzed
by Pearson’s correlation test.

RESULTS

The sample was collected from total 47
healthy volunteers who included 23 males and 24
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females. They were all adult persons between the
ages of 20-50 years.

The normality distribution was studied
for all parameters by Kolmogorov—Smirnov’s test
with the null hypothesis that the data was normally
distributed. The null hypothesis was rejected
wherever the p<0.05. All parameters are normally
distributed except for time to PT Min2 and time to
TT Min2 which shows non-Gaussian distribution
with a p value of <0.001 as depicted in table 1.

Depending on the data distribution pattern
the dispersion statistics like mean, confidence
interval of mean, standard deviation, median and
inter-quartile range were calculated for all types
of objective parameters as depicted in table 1. The
reference ranges for different kinetic parameters
were calculated from it.

The reference interval for prothrombin
time (PT) are clotting time: 9.8 — 12.0 s, the
maximum velocity (minl): 1.00-2.42 %/s,
maximum acceleration (min2): 0.14-0.38%/s?,
maximum deceleration (max2): 0.18-0.42 %/s?,
time to maximum velocity (Tminl): 9.87-12.33s,
time to maximum acceleration (Tmin2): 9.50-9.74
s, &time to maximum deceleration (Tmax2): 13.15-
15.50 s respectively.

The reference interval for activated
partial thromboplatin time (aPTT) using Actin FSL
reagent are clotting time: 26.2-34.5 s, minl 2.73-
6.17 %/s, min2 0.41-0.95 %/s?, max2 0.30-0.77
%/s?, Tminl 26.14-33.86 s, Tmin2 22.5-29.2 s, &
Tmax2 29.7-38.6 s respectively.

The reference interval for activated partial
thromboplatin time (aPTT) using actin FS reagent
are clotting time 21.2-30.5 s, minl 2.73-6.33 %/s,
min2 0.37-1.07 %/s?, max2 0.32-0.94 %/s?, Tminl
21.1-30.3 s, Tmin2 17.7-26.2 s, & Tmax2 24.5-34.5
s respectively.

The reference interval for thrombin time
(TT) are clotting time 16.8-19.6 s, minl 0.57-1.23
%/s, min2 0.08-0.20 %/s?, max2 0.03-0.11 %/s?,
Tminl 14.6-16.8 s, Tmin2 10.3-12.4 s, & Tmax2
17.7-20.5 s respectively.

The correlation between different
parameters of CWA for PT is depicted in table
2. It is observed that the PT shows statistically
significant correlation with minl, min2, max2,
Tminl, Tmax2 except Tmin2. Strong positive
correlation is observed between PT and Tminl
as well as Tmax2. A negative association is seen
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between PT and maximum velocity and maximum
acceleration. Similarly, the maximum velocity
shows statistically significant correlation with all
parameter except Tmin2. Maximum velocity shows
a positive correlation with maximum acceleration
and maximum deceleration but inverse correlation
with Tminl and Tmax2. A stronger association is
observed between minl and max2 whereas the
association is moderate with min2. Min2 shows
statistically significant positive correlation with
all parameters, but the strength of association is
relatively weak as Pearson correlation coefficient
I is nearly 0.5. Max2 has statistically significant
correlation with all except Tmin2 and there is an
inverse relationship between Max2 and Tmax2 and
Tminl.
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The correlation among different
parameters of CWA of APTT using Actin FSL
reagent is depicted in table 3. All parameters are
well correlating with each other with p value <0.05.
The APTT shows an inverse correlation with minl,
min2 and max2 and the strength of association is
weak or moderate in nature. In comparison there
is a strong positive correlation with Tminl, Tmin2
& Tmax2. Strong positive correlation is observed
between minl, min2, & max2 whereas this kinetics
shows a negative correlation with the time to
achieve it, i.e. Tminl, Tmin2, Tmax2.

The correlation trends are different for
APTT using Actin FS reagents as depicted in
table 4. Though the clotting time shows a negative
correlation with minl, min2 & max2 but statistically
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Fig. 1. Clot waveform analysis: The change in light transmittance represents the clot waveform. The first
derivative is derived from the change in transmittance which is presented as dT/dt. The maximum velocity at
which the transmittance getting changed is represented as Minl with corresponding time required Tminl. The
second derivative is derived from the first derivative as d*T/dt>. The maximum acceleration is presented as min2
with corresponding time required Tmin2 and maximum deceleration as max2 with corresponding time required
as Tmax2
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significant association is seen with max2. There is
a strong positive association between clotting time
and Tminl, Tmin2 and Tmax2. When APTT was
assayed using Actin FS reagent similar trends are
seen. Minl shows a strong positive association with
min2 & max2. Max2 is the only parameter which
has a statistically significant correlation with all
other clotting parameter.

The correlation among different
parameters of thrombin time CWA is shown in
table 5. There is significant correlation among all
parameters except minl vs Tmin2. The clotting
time is inversely related to minl, min2 and max2.
There is a strong positive association between
TT and Tminl, Tmin2, Tmax2. Similarly, strong
positive association is observed between minl,
min2 and max2 whereas they are negatively
correlated with Tminl, Tmin2 and Tmax2.

DISCUSSION

Hemostasis is a very complex
process which involves adhesion of platelets
to damaged endothelium, platelet activation,
platelet aggregation, fibrin clot formation, fibrin
stabilization and ends with fibrinolysis. The whole
process is exposed in vivo to high shear stress due to
circulating blood and controlled by factors released
from the surrounding endothelium. There are
different assays which can detect defect of different
steps, e.g. Platelet aggregometry for platelet
function, PT for extrinsic pathway or combined
pathway defect, APTT for intrinsic or combined
pathway defect etc. But an ideal hemostasis assay
should preferably measure all these processes in
real time based on which Global Hemostasis assays
are conceptualized. Thromboelastography (TEG),
Rotational thromboelastometry (ROTEM) and
Thrombinoscope measuring thrombin generation
are the examples of different global haemostasis
assays. Though, no assays are available till date
which can cover all functions of the haemostatic
process, still the objective of these assays are to
create sufficient evidence for the clinical condition
and guide appropriate therapy.'? Each assay comes
with its pros and cons. Many of these technologies
are expensive and not widely available. Instead,
automated coagulation analyzers are widely
available and PT, APTT are the widely used clotting
screening assays. These analyzers can generate
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additional information during the process of clot
formation and is presented as a waveform which
can assess the entire clotting process in a more
physiological and holistic manner. And thus CWA
can be used as a cost effective and widely available
platform for global hemostasis assay. "

There are very few studies where the
normal kinetics has been studied. It has been
recommended that laboratory, instrument and
reagent specific reference interval should be
established by each laboratory for clinical use.'* The
clot waveform analysis is used mostly for research
only and it is required to determine the normal
kinetics of clot waveform based on technology and
reagent for better clinical interpretation. Though
120 samples need to be screened for establishing
the reference interval, we could analyze total 47
normal samples with our limited resources. This
is one of the few studies where normal kinetics of
CWA is determined for the entire major clotting
screening assay — PT, aPTT& TT. For aPTT we
have selected 2 reagents Actin FS & Actin FSL.
Actin FS is a coagulation factor sensitive and lupus
insensitive reagent whereas Actin FSL is both
coagulation factor sensitive and lupus sensitive
reagent.'’

The normal kinetics is derived from the
analysis and the reference intervals are mentioned
in the table 1. We didn’t find many studies to in
English literature to for comparison. The study
performed by Tan et.al. showed comparable
reference interval for aPTT clot waveform kinetics
where they have used Sysmex CS2100i automated
coagulometer using Actin FSL reagent. The
observed reference ranges were APTT 26 — 32 s,
minl 3.12—-6.87 %/s, min2 0.51 — 1.05 %/s?, max2
0.40—0.91 %/ s* respectively.[16]Our findings are
APTT 26.2-34.5s, min1 2.73-6.17 %/s, min2 0.41-
0.95%/s?, max2 0.30-0.77 %/ s respectively.

The correlation analysis showed mostly
a common relationship between the clotting time
and the clot waveform characteristics. The lower
clotting times show a higher maximum velocity,
maximum acceleration & maximum deceleration
though the strength of relationship is weak to
moderate. It indicates that multiple factors are
responsible in the clotting process. On the contrary,
we observed a strong positive correlation between
clotting time and time required to achieve maximum
velocity, acceleration or deceleration. Following
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the normal rules of kinetics, maximum acceleration
precedes achieving maximum velocity and the
process slows down and maximum deceleration
is achieved only after 50% of clot is being formed
and gradually post-coagulation plateau is achieved.
Thus pre-coagulation, coagulation and post-
coagulation kinetics are better understood.

CONCLUSION

Understanding the normal kinetics of clot
waveform and establishing the reference interval
based on the method and reagent can be useful in
the objective assessment of patient samples and
clinical interpretation. Studies involving higher
number of normal samples as recommended by
CLSI guideline using different platforms can be
of immense value.
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