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Performance Evaluation of the CS-5100 Coagulation Analyzer for Special Coagulation
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Background: The CS-5100 high-throughput automated coagulometer (Sysmex, Japan) can perform general and special coagulation assays. We
evaluated the performance of the CS-5100 coagulometer to measure fibrinogen degradation product (FDP), plasma level of unfractionated heparin
(UFH), low molecular weight heparin (LMWH), and direct oral anticoagulants (DOACS).

Methods: Precision, linearity, and carryover rate of the CS-5100 while measuring FDP UFH, and LMWH were validated. Precision and linearity
were validated for measurements of DOACs. Results of FDP measurement using CS-5100 were compared to those using the currently used STA-R
coagulometer (Diagnostica Stago, France). The reference range of FDP was established. All evaluation procedures were in accordance with Clini-

cal and Laboratory Standards Institute guidelines.

Results: CS-5100 displayed good precision, linearity, and carryover rate for measuring FDR UFH, LMWH, and DOACs. The FDP level measured
with the CS-5100 and STA-R coagulometers correlated well. The reference range of FDP with CS-5100 was 0.0 to 3.48 ug/mL.

Conclusions: The CS-5100 coagulometer has acceptable analytical performance in measuring special coagulation parameters. It is suitable for
the reliable measurement of plasma FDP and anticoagulant levels in clinical laboratories.
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INTRODUCTION

The CS-5100 (Sysmex, Kobe, Japan) is a fully automated coagu-
lation analyzer that optically detects clot formation. It can achieve

high sample throughput, with 357 tests per hour for prothrombin
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time (PT) and activated partial thromboplastin time @PTT), and
268 tests per hour for PT, aPTT, fibrinogen, and D-dimer. A newly
installed feature of the CS-5100 is a pre-analytic check system
with multi-wavelength detection. It can automatically detect insuf-
ficient sample volume and pre-analytical variables, such as hemo-
lysis, hyperbilirubinemia, and hyperlipidemia [1, 2]. The CS-5100
can perform general and special coagulation assays that include
PT, aPTT, fibrinogen, D-dimer, fibrinogen degradation product
(FDP), and coagulation factor activity. It can also measure plasma
anticoagulant concentration. Several studies have demonstrated
that the CS-5100 is suitable for measuring PT, aPTT, fibrinogen, D-
dimer, and coagulation factor activity [1-4].

The objective of this study was to evaluate the performance of
CS-5100 in measuring FDP, plasma levels of unfractionated hepa-
rin (UFH), low molecular weight heparin (LMWH), and three di-
rect oral anticoagulants (DOACs, including rivaroxaban, apixa-

ban, and dabigatran).
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MATERIALS AND METHODS

1. Reagents and control materials

The BL-2 P-FDP latex test kit (Biolinks Co. Ltd., Tokyo, Japan)
was used for FDP analysis. The BIOPHEN Heparin (LRT; Hyphen
BioMed, Neuville-sur-Oise, France) was used for heparin and LM-
WH tests. The BIOPHEN™ DiXal (Hyphen BioMed) was used for
rivaroxaban and apixaban tests. HEMOCLOT™ Thrombin Inhibi-
tors (Hyphen BioMed) were used for dabigatran tests. Control ma-
terials and their concentrations were as follows: P-FDP control, 8
and 28 pg/mL (BIOLINKS Co., Ltd, Japan); BIOPHEN™UFH Con-
trol Plasma, 0.20 and 050 TU/mL; BIOPHEN™LMWH Control Plasma
(Low Range), 0.25 and 0.50 IU/mL; BIOPHEN™LMWH Control
Plasma (High Range), 0.80 and 1.20 TU/mL; BIOPHEN™ Rivaroxa-
ban Control, 100 and 300 ng/mL; BIOPHEN™ Apixaban Control,
200 and 400 ng/mL; and Dabigatran Control Plasma, 100 and 300
ng/mL. All anticoagulant controls were manufactured by Hyphen

BioMed.

2. Analytical methods

The turbidimetric latex immunoassay was used to measure FDP.
The chromogenic anti-factor Xa assay was used to measure plasma
concentrations of UFH, LMWH, rivaroxaban, and apixaban. The
assay was based on the inhibition of activated factor X (factor Xa)
by factor Xa inhibitors. Factor Xa can hydrolyze para-nitroaniline
(p-NA) connected to a chromogenic substrate. Increasing factor
Xa inhibitor concentrations will block the activity of factor Xa on
the chromogenic substrate in a dose-dependent manner. There-
fore, the amount of p-NA generated is inversely proportional to
the concentration of factor Xa inhibitor in the tested plasma. The
concentration of factor Xa inhibitor is plotted against the optical
density measured at 405 nm, which is the absorbance of the re-
leased p-NA. To measure the plasma concentration of dabigatran,
the diluted thrombin time assay was used with diluted tested plasma
and a constant amount of human alpha-thrombin. The clotting
time measured was directly related to the concentration of dabig-

atran in the tested plasma.

3. Sample collection and preparation
The study protocol was reviewed and approved by the Institu-
tional Review Board of Asan Medical Center, Seoul, Korea (2015-

0595). Whole blood was collected via venipuncture into a 3.2%
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sodium citrate tube (Becton Dickenson, Franklin Lakes, NJ, USA)
and centrifuged at 2,500 g for 10 minutes to separate plasma. The
plasma was either analyzed within 4 hours after blood collection
or aliquoted and stored at below -70°C when analysis was delayed.
In addition, we made platelet-poor normal pooled plasma (NPP)
for preparing rivaroxaban and apixaban-spiked plasma. The NPP
was divided into aliquots and frozen immediately at -70°C. Just be-
fore each experiment, frozen NPP aliquots were thawed and heated
at 37°C for 10 min. Thawed NPP aliquots were spiked with rivar-

oxaban or apixaban to obtain target drug concentrations

4. Preparation of DOAC-spiked solutions

Rivaroxaban was prepared from 20 mg Xarelto® tablet (Bayer-
Schering-Pharma, Wuppertal, Germany) and apixaban was pre-
pared from 2.5 mg Eliquis® tablet (Bristol-Myers Squibb Company,
Princeton, NJ, USA). Each DOAC was dissolved in dimethylsulfox-
ide (DMSO) to make a stock solution diluted in phosphate-buff-

2+

ered saline without Ca* or Mg*. Each working solution was ob-
tained by mixing these stock solutions with NPP. The plasma DM-
SO concentration was < 0.05% (v/v), which did not influence co-

agulation [5].

5. Evaluation procedures
1) Precision

According to the Clinical and Laboratory Standards Institute
(CLSD EP05-A3 guidelines [6], precision was estimated using low
and high concentrations of FDP, UFH, LMWH, rivaroxaban, apix-
aban, and dabigatran control materials. Within-run and between-
run precisions were determined by analyzing two runs per day
with duplicates for each concentration daily for five days. Preci-
sion was considered acceptable if the coefficient of variation (CV)

was <5%.

2) Linearity

According to the CLSI EP06-A guidelines [7], linearity was eval-
uated for FDP, UFH, LMWH, rivaroxaban, and apixaban. Two
samples with high and low concentrations of FDP (4.7 pg/mL and
88.3 ug/mL), UFH (0.00 IU/mL and 1.65 TU/mL), LMWH (0.00 1U/
mL and 2.00 IU/mL), rivaroxaban (50 ng/mL and 500 ng/mL), and
apixaban (50 ng/mL and 500 ng/mL) were mixed at ratios of 4:0,
3:1, 1:1, 1:3, and 0:4, respectively. Each mixed sample was measured

in duplicate. Correlation coefficient and regression line were cal-
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culated between expected value on the X axis and the measured

value on the Y axis.

3) Carryover

A total of six patient samples with high and low concentrations
of FDP, UFH, and LMWH were assayed in the order H1, H2, H3,
H4, L1, L2, L3, and L4 (H for high and L for low) as described in
the CLSIEP10-A3 guideline [8]. The carryover rate (%) between
specimens was calculated as {L1-(L3+L4)/2)/{(H3+H2)/2—(L3+L4)/2}

% 100. The result was considered acceptable if the rate was <1%.

4) Correlation with STA-R coagulometer

Results obtained with the CS-5100 coagulometer were com-
pared with those from the STA-R Evolution coagulometer (Diag-
nostica Stago, Asnieres, France), which is the coagulation analyzer
currently used to measure FDP. According to the CLSI EP09-A3
guideline [9], 29 normal samples (FDP range 0.7-5.8 pg/mL) and
24 abnormal samples (FDP range 7.4-107.7 ug/mL) obtained from
patients with disseminated intravascular coagulation due to ma-
lignancy, sepsis, liver cirrhosis, and trauma were used to obtain
FDP results using the CS-5100 analyzer and STA-R analyzer in du-
plicate. Correlation between two coagulometers was evaluated
using the Passing-Bablok regression analysis and Spearman’s cor-

relation coefficient.

5) Reference range of FDP

The reference range of FDP was established according to CLSI
EP28-A3c [10]. A total of 120 blood samples that showed normal
results for complete blood count, PT, and aPTT were collected
from 60 healthy men and 60 healthy women. The FDP level was
analyzed with the CS-5100 system. Lower and upper reference
limits were estimated as the 2.5th and 97.5th percentiles of the dis-

tribution of FDP test results.

6) Statistical analyses

All statistical analyses were performed using MedCalc® Statisti-
cal Software version 14.12.0 (MedCalc Software, Mariakerke, Bel-
gium). Correlation of FDP results between the CS-5100 and STA-R
coagulometers was analyzed using Passing-Bablok regression anal-
ysis and Spearman’s correlation coefficient. In Passing-Bablok re-
gression analysis, we judged that there was no significant differ-

ence between two analyzers if the 95% confidence interval (CD) of
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the intercept included point zero and the 95% confidence interval
of the slope included one [1, 2]. Statistical significance level was

set at P<0.05.

RESULTS

1. FDP

Within-run and between-run precisions expressed as CV (%)
was <5% with low and high levels of control materials (Table 1.
Linear regression equation obtained from estimated and actual
measurements was y=1.004x + 0.299. Coefficients of determina-
tion (R?) were >099 (Fig. 1). The correlation between the CS-5100
and STA-R coagulometer was evaluated using the Spearman’s cor-
relation coefficient, Passing-Bablok regression analysis, and Bland-
Altman difference plot (Fig. 2). In Passing-Bablok regression, the
95% CI of the slope was 0.944-1.112 (containing value one), while
that of the intercept was 1.048-1.157 (not containing value zero).
Spearman’s correlation coefficient was 0.955. At the current upper
limit of reference range of 5 pg/mL on STA-R analyzer, the esti-
mated value on CS-5100 was 6.1 ug/mL (95% CI: 5.4-6.4 pg/mL).
The carryover rate between specimens was 0.4%, which was within
acceptable limits. Results of FDP level of citrated plasma from 120
healthy adults showed a minimum of 0.0 pg/mL and a maximum
of 5.3 pg/mL. The mean value of measured FDP level was 1.3 pg/
mL with a standard deviation of 0.85. The range between the 2.5th
and 975th percentiles was 0.0 to 3.48 pg/mL. This range was ad-
opted as the reference range of the FDP level on the CS-5100 system.

2. UFH

Within-run and between-run precisions expressed as CV (%)

Table 1. Within and between-run precisions of FDP and anticoagu-
lants measured with the CS-5100 system

Within-run precision (CV %)  Between-run precision (CV %)

Parameters
Low level High level Low level High Level

FDP 3.07 091 378 1.93
UFH 391 0.46 4.35 1.62
LMWH (low range) 2.64 0.72 253 147
LMWH (high range) 0.83 0.48 208 1.67
Rivaroxaban 2.38 0.69 3.06 1.62
Apixaban 0.77 0.57 1.20 0.52
Dabigatran 2.30 233 4.87 325

Abbreviations: FDP, fibrinogen degradation product; UFH, unfractionated heparin;
LMWH, low molecular weight heparin; CV, coefficient of variation.
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for UFH was <5% with low and high levels of control materials
(Table D. Linear regression equation obtained from estimated and
actual measurements was y=0995x + 0.006. Coefficients of de-
termination (R?) were >099 (Fig. 1. The carryover rate between

specimens was 0.00%, which was within acceptable limits.
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Fig. 1. Linearity of (A) FDP, (B) UFH, (C) LMWH, (D) rivaroxaban, and (E)
apixaban measured with the CS-5100 coagulometer.
Abbreviations: FDP, fibrinogen degradation product; UFH, unfraction-
ated heparin; LMWH, low molecular weight heparin.

3. LMWH

Within-run and between-run precisions expressed as CV (%)
for LMWH was <5% with low and high levels of control materials
(Table 1. Linear regression equation obtained from estimated and
actual measurements was y=-0.000x + 1.008. Coefficients of de-
termination (R?) were >099 (Fig. 1). The carryover rate between

specimens was 0.00%, which was within acceptable limits.
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Fig. 2. Comparison of measured FDP levels between STA-R and CS-5100 coagulometers. (A) Result of Passing-Bablok regression analysis and (B)

Bland-Altman plot comparisons of FDP levels.

4, Rivaroxaban and apixaban

Within-run and between-run precisions expressed as CV (%)
for rivaroxaban and apixaban were <5% with low and high levels
of control materials (Table 1. Linear regression equation obtained
from estimated and actual measurements were as follows: y=0996x
+15.132 for rivaroxaban, and y=0.978x + 4.502 for apixaban. Co-
efficients of determination (R?) were >099 for both parameters
(Fig. D.

5. Dabigatran
Within-run and between-run precisions expressed as CV (%)
for dabigatran was <5% with low and high levels of control mate-

rials (Table 1).

DISCUSSION

The CS-5100 is an automated, high-throughput coagulometer
with multi-wavelength technology (340, 405, 575, 660, and 800
nm) that can be used for analysis in various coagulation assays
using chromogenic and immunologic methods [2, 4]. Several stud-
ies have already confirmed that the CS-5100 can perform well in
routine and some special coagulation assays, such as coagulation
factor activity and D-dimer assay [1-4]. Our study evaluated the
performance of the CS-5100 system in routine coagulation assays
as well as the measurements of FDP and plasma heparin and DO-
AC concentrations.

FDP is a fragment produced by plasmin-mediated degradation

of fibrinogen or insoluble fibrin. Although FDP has low sensitivity
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and specificity for diagnosing disseminated intravascular coagula-
tion, it is widely used as a predictive marker for fibrinolysis [11]. In
this study, the CS-5100 coagulometer showed acceptable perfor-
mance for measuring FDP. Correlation with the STA-R coagulom-
eter was good. In Passing-Bablok regression analysis, the 95% CI
of the slope included value one, indicating no significant differ-
ence between the two analyzers. However, the intercept revealed
significant differences as the 95% CI did not include value zero.
The reason why these two coagulation analyzers showed some
differences might be due to differences in detection methods and
reagents [12]. The STA-R analyzer uses a mechanical clot detection
method, while the CS-5100 analyzer uses an optical clot detection
method. For the currently used upper limit of reference range for
FDP set at 5 ug/mL with the STA-R coagulometer, the correspond-
ing level on CS-5100 system was 6.1 pg/mL. Therefore, a new cut-
off point for decision of increased FDP will be needed for the CS-
5100 system.

UFH is a highly sulfated glycosaminoglycan. The pentasaccha-
ride sequence of UFH is responsible for its anticoagulant activity
because this sequence binds to antithrombin [13, 14]. Due to vari-
ability in anticoagulant response to UFH among different patients,
monitoring plasma UFH concentration should be performed us-
ing dose adjustment [13]. A therapeutic aPTT range of 15 to 2.5
times that of control has been widely used [13]. However, the clin-
ical relevance of therapeutic aPTT range is uncertain because many
biologic factors unrelated to heparin concentration can affect the
results of aPTT. The sensitivity of aPTT to heparin also varies

among different reagents and coagulometers. In addition, aPTT is
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not a standardized test [13, 15]. Therefore, anti-Xa calibrated with
UFH is more reliable than aPTT for monitoring plasma concentra-
tion of UFH.

The molecular weight of LMWH is about one-third the molecu-
lar weight of UFH [13]. It is one of the commonly used parenteral
anticoagulants and is applied as a fixed dose. Similar to UFH, the
anticoagulant mechanism of LMWH is through antithrombin-me-
diated inhibition of coagulation factors. However, the number of
pentasaccharide sequences of LMWH is fewer than that of UFH.
More than half of the LMWH chains are too short to catalyze throm-
bin inhibition, but they can inactivate coagulation factor Xa [13].
Although routine monitoring of plasma level of LMWH is unnec-
essary, accurate dosing is recommended for patients with high
risk of bleeding, such as the elderly, patients with obesity, patients
with renal failure, and those who are pregnant [16, 17]. In these
situations, the anti-Xa assay with LMWH calibrator is recommended
[13]. In this study, the CS-5100 system showed good performance
for monitoring plasma UFH and LMWH concentrations. Since
UFH and LMWH are the most widely used parenteral anticoagu-
lants, the CS-5100 coagulation analyzer is suitable for therapeutic
anticoagulant monitoring by clinical laboratories.

DOACs target a certain coagulation factor or a step of the coag-
ulation cascade [18]. Rivaroxaban and apixaban can directly in-
hibit factor Xa, while dabigatran inhibits thrombin directly. Rou-
tine monitoring of the concentrations of DOACs is not necessary
because they have predictable pharmacodynamics and pharma-
cokinetics with fixed dose administration [19, 20], a wide on-ther-
apeutic range, and few interactions with other drugs [21]. How-
ever, monitoring of DOACs might be useful in specific clinical sit-
uations and patient populations, such as pre-surgery or invasive
surgery if the patient has received DOACs in the previous 24 hours,
bleeding or recurrent thrombosis with DOAC treatment, suspicious
overdose, hepatic or renal impairment, and extremely low or high
body weights [22, 23]. Traditional coagulation tests are limited in
terms of accuracy for determining plasma levels of DOACs. In
comparison, high-performance liquid chromatography (HPLO),
tandem mass spectrometry (MS/MS), and specific coagulation as-
says, such as anti-factor Xa and dilute thrombin time assay, can
determine the concentrations of DOACs more accurately. How-
ever, HPLC and MS/MS have relatively long turnaround times and
are expensive. In addition, they require a skilled technician [24]

and are not widely available in many clinical laboratories. On the
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contrary, anti-Xa assays for rivaroxaban and apixaban and diluted
thrombin time assay for dabigatran are suitable methods to mea-
sure concentrations of DOACs with specific calibrators and con-
trols [23, 25]. The present data reveal that the CS-5100 system might
be suitable for measuring plasma concentrations of DOACs in terms
of precision. If other aspects of performance, such as linearity,
carryover, and accuracy, are confirmed, the CS-5100 coagulome-
ter might be useful for monitoring plasma concentrations of anti-
coagulants, not only for UFH and LMWH, but also for newly de-
veloped and increasingly used DOACs.

Our study has some limitations. First, DOACs were spiked into
NPP obtained from healthy subjects instead of patient samples
treated with DOACs. However, spiking of DOACs into NPP is a
widely used method [18, 26]. Further performance evaluation and
comparison with other coagulometers using patient samples treated
with DOACs should be done. Second, direct thrombin inhibitor
dabigatran was evaluated only for the aspect of precision perfor-
mance. Pharmacologically active concentrations of dabigatran are
achieved after oral administration [27]. Thus, dabigatran-spiked
NPP was not appropriate for performing diluted thrombin time
assay. Finally, the correlation between plasma concentration of
anticoagulants and clinical efficacy or safety outcomes was not
evaluated.

In conclusion, our study demonstrates that the CS-5100 coagu-
lometer precisely measures the special coagulation parameter, FDP.
The CS-5100 apparatus is also a suitable analyzer for monitoring
the concentrations of UFH and LMWH, the most widely used par-
enteral anticoagulants. Furthermore, it might be useful to monitor
plasma concentrations of DOACs. The CS-5100 system is a reliable

coagulation analyzer for clinical laboratories.
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