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Abstract

Background: The routine D-dimer quantification to exclude venous thromboembo-
lism has led to the development of many assays, the usefulness of which depends on
their reliability and performance.

Objective: We evaluated the analytical performances of the immunoturbidimetric
Yumizen G DDi 2 assay (HORIBA Medical, Montpellier, France) performed on the
Yumizen G800 analyzer and compared it with other available D-dimer assays.
Methods: Within-run and between-run imprecision were evaluated using low- and
high-level quality-control plasma samples. Interference due to hemolysis, icterus,
lipemia, rheumatoid factor (RF), or heterophilic antibodies (human antimouse anti-
bodies [HAMAs]) was evaluated by spiking plasma samples with hemolysate, bilirubin,
Intralipid, RF, or HAMAs. The measurements obtained with the different D-dimer as-
says were compared using Passing-Bablok regression analysis and Bland-Altman plot
method, using fresh citrated plasma samples collected from 66 consecutive routine
patients with a wide range of D-dimer concentrations.

Results: Within- and between-run variation coefficients for the Yumizen G DDi 2
assay ranged from 1.7% to 5.8% and from 2.8% to 5.5%, respectively. Hemolysis
and icterus did not have any effect up to 10 g/L hemoglobin and 300 mg/L bilirubin.
Lipemia seemed to generate an underestimation of D-dimer concentration when the
Intralipid concentration was >5 g/L. RF and HAMAs did not have any effect. The
Passing-Bablok and Bland-Altman analyses showed small differences with other avail-
able D-dimer assays, which were more pronounced with increasing values.
Conclusions: Its analytical performances and main technical features indicate that the
new Yumizen G DDi 2 assay is suitable for the rapid quantification of D-dimer in clini-

cal hemostasis laboratories.
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Essentials

e D-dimer quantification is a routine part of the diagnostic pathway for exclusion of thrombosis.

e The usefulness of this assay depends on its reliability and performance.

e Analytical performance and agreement with other D-dimer available assays are satisfactory.

e The new Yumizen G DDi 2 assay is suitable for the rapid quantification of D-dimer.

1 | INTRODUCTION

Venous thromboembolism (VTE), which includes deep vein throm-
bosis and pulmonary embolism, represents a major public health
problem, with about 10 million cases worldwide per year that are
associated with substantial mortality and morbidity.! However, VTE
diagnosis remains difficult; it is rarely based only on clinical exami-
nation and often requires complex and sometimes invasive comple-
mentary imaging investigations.

Many studies have demonstrated that plasma D-dimer measure-
ment can be a very effective and safe parameter for excluding the
diagnosis of deep vein thrombosis or pulmonary embolism.>* D-
dimer are fibrin degradation products and reflect concomitant acti-
vation of both coagulation and fibrinolysis. During the conversion of
fibrinogen to fibrin monomers, the thrombin cleaves fibrinopeptides
A and B from fibrinogen. The fibrin monomers then spontaneously
form a polymer, and the transglutaminase factor XIIl, also activated
by the thrombin, stabilizes the initial fibrin polymer. Next, plasmin
cleaves fibrin into fibrin degradation products, among which are D-
dimer. The D-dimer is a metabolite of fibrinolysis that increases as
a result of hypercoagulability and hyperfibrinolysis. Therefore, D-
dimer measurement is a sensitive but nonspecific indicator that has
been widely used by clinicians to exclude VTE. D-dimer assays have
also been used to assess the risk of VTE recurrence,”® to help define
the optimal duration of anticoagulant treatment,” and to predict the
VTE risk in hospitalized patients.®’

Enzyme-linked immunosorbent assays have been considered the
reference method for D-dimer measurement for a long time,'>*! but
they are not suitable for routine use due to the significant analytical
between-run imprecision, lack of automation, and the time required.9
An automated enzyme-linked immunofluorescence assay was then
developed that provides faster results (Vidas D-dimer Exclusion Il
assay; bioMérieux, Inc., Durham, NC, USA) and is currently the most
clinically validated assay for D-dimer measurement.®*23 More re-
cently, chemiluminescent assays and latex-enhanced immunoturbi-
dimetric assays have shown good sensitivity and negative predictive
values. #1415 These assays allow the measurement of D-dimer con-
centration simultaneously with other routine coagulation assays on
the same analyzer.

Currently, many D-dimer assays are available that differ in terms
of the D-dimer epitope targeted by the antibody, capture and detec-
tion methods, instrumentation required, calibration standards, and
result expression.9'16 Due to this heterogeneity, it is recommended
to assess the analytical performances of an assay before its imple-
mentation in clinical strategies for VTE diagnosis and monitoring.

The objective of this study was to evaluate the analytical perfor-
mance of the new D-dimer immunoturbidimetric assay (Yumizen G
DDi 2; HORIBA Medical, Montpellier, France) designed for the fully
automated Yumizen G800 analyzer and to compare it with other

available D-dimer assays.

2 | MATERIALS AND METHODS

2.1 | Sample collection

Blood samples from hospitalized patients were collected in tubes
containing 0.109 M trisodium citrate (Vacutainer; Becton Dickinson,
Franklin Lakes, NJ, USA) with a 21G needle, after discarding the
first milliliters of blood. Plasma was obtained by centrifugation
at 2250 g at room temperature for 15 minutes, and was analyzed
within 4 hours of collection. As the remaining plasma was used for
Yumizen G DDi 2 testing, no blood sample was specifically collected
for this study. This study was approved by the South-East VI Ethics
Committee (France, AU765).

2.2 | Method description - immunoturbidimetry
D-dimer concentration was measured using the Yumizen G DDi
2 assay and the Yumizen G800 coagulation analyzer (HORIBA
Medical) according to the manufacturer’s instructions. This is a fully
automated immunoturbidimetric assay for the quantitative deter-
mination of D-dimer, based on the time-fixed determination of the
D-dimer concentration by photometric measurement of the antigen-
antibody reaction between anti-D-dimer antibodies carried by latex
particles and the D-dimer molecules present in the plasma sample.
The kit includes the D-dimer reagent (Yumizen G DDi 2 Buffer and
Yumizen G DDi 2 Latex), control plasma samples (G CTRL DDi | and Il),
and buffer (Yumizen G Imidazol). Two quality controls (low and high
concentration) were performed daily. To 20 pL of plasma, 115 uL of
Yumizen G DDi 2 Buffer were added and incubated for 120 seconds
at 37°C. The degree of agglutination was measured after the addi-
tion of 45 plL of Yumizen G DDi 2 Latex in relation to the decrease of
transmitted light at 570 nm. Results are available in <3 minutes if no
rerun is performed. D-dimer concentrations >4000 ng/mL fibrinogen-
equivalent units (FEU) are obtained after automatic sample dilution
(1:4) in the buffer Yumizen G Imidazol. The ready-to-use liquid format
minimizes the preparation time, and the reagent is precalibrated, re-
moving the need of a costly and time-consuming calibration step.
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2.3 | Analytical evaluation

2.3.1 | Precision

Precision was evaluated using manufactured human plasma-based
quality controls at low and high concentration (Yumizen G CTRL DDi |
and II). Within-run imprecision was assessed in 30 sequential runs and
between-run imprecision by measuring the same controls in 15 differ-
ent series twice per day, by using an identical lot of reagents. The final

results were reported as a coefficient of variation (CV).

2.3.2 | Limit of blank, limit of detection, and limit of
quantification

These parameters were assessed according to the Clinical and
Laboratory Standards Institute (CLSI) EP17-A2 standard.” The LoB,
defined as the highest measurement result that can be reliably meas-
ured in a blank sample, was estimated by measuring 30 replicates of
a sample without D-dimer molecules, and calculated with the fol-
lowing formula: LoB = mean,_, + 1.645 SD,_ .. The dilution buffer
(Yumizen G Imidazol) was the blank.

The LoD, defined as the lowest D-dimer concentration likely to
be reliably detected by the assay was obtained from 10 measure-
ments in a single run of a plasma sample with a D-dimer concen-
tration of =2xLoB, and was determined with the following formula:
LoD =LoB +1.645SD,, -

The LoQ, defined as the smallest value with an acceptable level
of confidence and known uncertainty, was estimated by measuring
11 samples with mean D-dimer concentrations from 33 to 333 ng/
mL FEU (10 repeated measurements), and a nonlinear relationship
calculated between the measurement error (CV%, y axis) and the D-

dimer concentration (ng/mL FEU, x axis).

2.3.3 | Linearity

A patient plasma with high D-dimer concentration (32 700 ng/mL FEU)
was serially diluted at fixed ratios (ie, 1:9, 2:8, 3:7, 4:6, 55, 6:4, 7:3, 8:2,
9:1) with the Yumizen G IMIDAZOL dilution buffer to cover the most clin-
ically significant range of concentrations. Serial dilutions were analyzed
and the theoretical values were calculated from the measured values
of the undiluted specimen. Linearity was assessed by linear regression

analysis and calculation of the Spearman’s correlation coefficient (r).

TABLE 1 Imprecision of the Yumizen G
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2.4 | Interference studies

Interference by hemolysis, icterus, and lipemia (HIL) was evaluated
to determine their impact on the D-dimer results. HIL interferences
were assessed by adding known increasing concentrations of hemo-
globin, bilirubin, and Intralipid 20% to 10 different samples with dif-
ferent D-dimer levels (including 5 samples with values around the
threshold value).

Hemoglobin was obtained by freezing washed and centrifuged
erythrocytes. The supernatant was collected to create a hemolysate
that was then spiked in the D-dimer-positive plasma samples.'®*’
A control sample with only the diluent (Yumizen G Imidazol), to ac-
count for dilution, was also used. A range of hemoglobin concentra-
tions was prepared to obtain samples with 0O, 3, 5, 7, and 10 g/L of
hemoglobin, according to the measurement obtained on an XN-10
analyzer (Sysmex Corporation, Kobe, Japan). The interference was
evaluated by calculating the bias percentage with the following for-
mula: (C,~C,)/(C,) x 100, where C, is the result of the nonhemolyzed
sample and C is the result of the hemolyzed sample 1820

To study bilirubin effect, D-dimer-positive plasma samples
were spiked with increasing concentrations of commercial bilirubin
(143270-1G; Sigma-Aldrich, St. Louis, MO, USA) diluted in 0.1 M so-
dium hydroxide.'?2° According to the Vista 1500 analyzer (Siemens,
Berlin, Germany) measurements, the final bilirubin concentrations
were 0, 100, 150, 200, and 300 mg/L. Results were calculated as
the bias percentage from the control value, as carried out for the
hemolysis interference.

Lipemia interference was studied by spiking D-dimer-positive
plasma samples with increasing concentrations of commer-
cial Intralipid 20% (Fresenius Kabi, Bad Homburg vor der Héhe,
Germany) to achieve final concentrations of 0, 3, 5, 7, 10 g/L in each
aliquot.}”?° Investigations were performed as described for hemo-
globin and bilirubin.

As the Yumizen G DDi 2 assay is based on an antihuman D-dimer
monoclonal antibody, the interference by human antimouse anti-
bodies (HAMASs) was tested by spiking 10 D-dimer-positive plasma
samples (including 5 with values around the threshold value) with
HAMA-positive human plasma (Scantibodies Laboratory Inc., Santee,
CA, USA) to achieve a final HAMA concentration of 500 ng/mL. To
test the interference by rheumatoid factor (RF), 8 D-dimer-positive
plasma samples (including 4 with values around the threshold value)
were spiked with samples containing RF (MyBioSources, San Diego,
CA, USA) to achieve a final RF concentration of 935 IU/mL. Samples
were analyzed before and after spiking with HAMAs or RF. A control

DDi 2 assay Mean value SD (ng/ cVv CV (%)
n (ng/mL FEU) mL FEU) (%) manufacturer
Within-run CTRLDDi | 30 330 19 5.8 6.4
CTRLDDill 30 1044 18 1.7 4.2
Between-run CTRLDDi | 32 500 27 5.5 8.5

CTRLDDill 32 2015 55 2.8 4.0
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sample with diluent alone (Yumizen G Imidazol), to account for dilu-

tion, was also used. Results were calculated as the mean difference

(percentage) relative to the control value (sample before spiking).

2.5 | Comparison study

Comparison studies were carried out using fresh citrated plasma
samples collected from 66 consecutive routine patients with a wide
range of D-dimer concentrations. Plasma samples were tested with
different analyzer/reagent combinations: Vidas D-dimer Exclusion
Il for VIDAS 3 (BioMérieux), STA-Liatest D-Di Plus for STA-R Max
(Diagnostica Stago, Parsippany, NJ, USA), Innovance D-dimer for
Sysmex CS-2100i (Siemens Healthineers, Erlangen, Germany),
HemoslIL D-dimer HS500 for ACL TOP 700 (Werfen, Bedford, USA),
and Yumizen G800 for Yumizen G DDi 2. All these analyzers are in
the same room in the hemostasis laboratory, offering the possibility
to evaluate several instrument/reagent combinations using a small
amount of plasma by the same specialized staff. Each assay was
calibrated with the dedicated calibrators, used with the appropriate
quality controls and in accordance with the manufacturer’s instruc-
tions. The same unit (ng/mL FEU) and the same usual clinical cutoff
value (<500 ng/mL FEU) were used for all assays.

2.6 | Statistical analysis

Statistical analyses were performed with Prism software ver-
sion 8 (GraphPad Software, Inc., La Jolla, CA, USA) and with Stata
(StataCorp, College Station, TX, USA) for Passing-Bablok regression
analysis.

For HIL interference, the results of the non-HIL sample and
those of the HIL samples were compared with the Friedman test
(normality and homoscedasticity verified with the Bartlett test), fol-
lowed by the appropriate multiple comparison post hoc tests (Dunn
test). For HAMA and RF interference, the results of the samples
with and without HAMA/RF were compared with the Wilcoxon
test for paired data. P values <.005 were considered statistically
significant. For all interferences, the calculated mean bias was com-
pared with the desirable bias obtained from the online database
created and managed by Ricos et al.?! The acceptability threshold
was 8.82%.%1%2

D-dimer results obtained with the Yumizen G DDi2 reagent
and the other analyzer/reagent combinations were compared with
the Friedman test (normality and homoscedasticity verified with
the Bartlett test), followed by the appropriate multiple comparison
post hoc tests (Dunn test). Passing-Bablok regression analysis, in
addition to Bland-Altman analysis was used for statistical analysis
of method comparisons. The Passing-Bablok analysis provides the
linear equation y = a + b x x, where a is the constant (systematic
difference between the methods) and b is the slope (proportional
difference between the two methods). The results are interpreted as
follows. If O is in the confidence interval (Cl) for the constant, the null

hypothesis (ie, no systematic difference) cannot be rejected. When
the Cl for the slope includes 1, the null hypothesis (ie, no propor-
tional difference) cannot be rejected.

The mean bias and the 95% Cls were calculated with the Bland-
Altman plot method. Correlations were evaluated with the Spearman
rank correlation coefficients.

3 | RESULTS

3.1 | Analytical evaluation

The within-run and between-run imprecision results of the Yumizen
G DDi 2 assay are summarized in Table 1. The within-run impre-
cision ranged between 1.7% for the high control sample (mean
value, 1044 ng/mL FEU) and 5.8% for the low control sample (mean
value, 330 ng/mL FEU, close to the threshold value). The between-
run imprecision was assessed with another quality control batch
and ranged between 2.8% (mean value, 2015 ng/mL FEU) and 5.5%
(mean value, 500 ng/mL FEU).

Using the CLSI approach, the LoB and LoD were 52 ng/mL FEU
and 64 ng/mL FEU, respectively. The LoQ at 10% CV was estimated
at 112 ng/mL FEU (Figure 1). The assay linearity was excellent up
to 32 700 ng/mL FEU, as attested by the linear regression analysis
(y = =0.9754x - 173.8) and the coefficient of correlation (r = .998;
P < .0001) (Figure 2).

3.2 | Interference study

Hemolysis did not have any impact on D-dimer measurement up

to hemoglobin concentrations of 10 g/L (P = .11). The 10 samples

LoQ

CV %

T T T 1
0 100 200 300 400
D-Dimer (ng/mL)

FIGURE 1 Estimation of the LoQ at 10% CV; the figure

shows the nonlinear relationship calculated between the error of
measurement (CV%, y axis) and the D-dimer concentration (ng/mL
FEU, x axis). CV, coefficient of variation; LoQ, smallest value with an
acceptable level of confidence and known uncertainty
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FIGURE 2 Linearity of the Yumizen G DDi 2 assay on the

Yumizen G800 analyzer

FIGURE 3 Bias (%)in D-dimer
measurement in function of hemoglobin
(A), bilirubin (B) and lipid (C) levels.
Dotted lines represent the limit of
acceptable bias. Each color corresponds
to a plasma sample, and the different
points correspond to the different
concentrations of hemoglobin, bilirubin,
and intralipid spiked in the samples. The
D-dimer concentrations of the different
samples are indicated on the right side.
FEU, fibrinogen-equivalent units
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tested had an acceptable bias (Figure 3A). Particularly, in samples
with D-dimer values around the threshold value, the bias did not
exceed 5%, whatever the hemoglobin concentration.

Icterus did not exert any analytical interference up to the highest
bilirubin concentration tested (300 mg/L) (P = .07) with a bias <5%
for plasma samples with D-dimer concentrations around the thresh-
old value (Figure 3B).

No significant bias was observed up to the highest lipid concen-
tration tested (10 g/L) when using plasma samples with high D-dimer
values (>1500 ng/mL FEU). Conversely, lipemia induced a significant
bias at lipid concentration >5 g/L and led to D-dimer level underes-
timation (P = .006) when plasma samples with D-dimer around the
500 ng/mL FEU threshold were used (Figure 3C).

HAMAs (500 ng/mL) and RF (935 IU/mL) did not influence D-
dimer measurement (P = .92 and P = .38, respectively) in samples with
D-dimer concentrations around or higher than the threshold value
(Figure 4A and 4B). The mean difference relative to the control value
did not exceed the acceptability threshold of 8.82%.

(A)
10—
=
2 < %\\‘\ 512 ng/mLFEU
® B
2 90 511 ngimLFEU
“ L] L] L) ) I L] L] L] WA '[ 1 81 na/m
o y ~N— 11300 nélmt FEU
——— = 404 ng/mL FEU
-5 297 ngmLFEU
-10- [Hemoglobin] g/L
(B)
10—
5= 289 ng/mLFEU
X
2 I —_—
@ T LT A — T T 1
m 100 220 250 T 380 50 ng/mLFEU
-5- 1%  ngimFEU
-10- [Bilirubin] mg/L
)
10
5= 32400 ng/mL FEU
0
X 5700 nomL FEU
'a - 883 ng/mL FEU
m -10
-15- [Intralipid] g/L
-20=- \ 415 ng/mL FEU
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3.3 | Comparison study

For comparison between Vidas D-dimer Exclusion 11/Vidas analyzer
versus the Yumizen G DDi 2 assay/Yumizen G800 combination, a
small constant difference was revealed by Passing-Bablok regres-
sion analysis, with an equation y = -167.8 + 1.1x (intercept 95% Cl,
-252.5to -64.1; slope 95% Cl, 0.9-1.3) (Figure 5A), with D-dimer val-
ues slightly lower with the Vidas D-dimer Exclusion II/Vidas analyzer
compared with the Yumizen G DDi 2 assay/Yumizen G800 combi-
nation (P = .0003). The Bland-Altman analysis of D-dimer values
(ng/mL FEU) showed a good concordance, with a mean bias of 81.4
(95% Cl, -149.6 to 312.4), limit of agreement of -1746 and 1908,
and discordant results for six samples with D-dimer concentrations
>2200 ng/mL FEU (Figure 5B).

For samples with values <1000 ng/mL FEU, no significant dif-
ference was revealed by Passing-Bablok regression analysis with an
equation y = -9.5 + 0.8x (intercept 95% Cl, -116.3 to 107.2; slope
95% Cl, 0.5-1.0) (Figure 6A), confirmed by the Bland-Altman analysis
with a mean bias of 117.7 (95% Cl, -494.0-258.6). The latter showed
three discordant D-dimer results (ng/mL FEU): 686, 335, and 263
with the Yumizen G DDi 2 assay versus 355, 873, and 962 with the
Vidas D-dimer Exclusion Il assay, respectively (Figure 6B). None of
these three patients developed thrombosis.

Small proportional difference was revealed by Passing-Bablok
regression analysis between D-dimer values (ng/mL FEU) obtained
with the STA Liatest DDi plus/STA-R Maxand with the Yumizen G DDi
2/Yumizen G800 combination with an equation y = -24.3 + 0.86x
(intercept 95% Cl, -78.8-22.9; slope 95% Cl, 0.8-0.9) (Figure 5C). D-
dimer values were slightly higher with the STA Liatest DDi plus assay

(A) HAMA (500 ng/mL) (B) RF (935 Ul/mL)
ns
8000- i, 15004 FH—
=) 1 ! ' =) | —
& e000d . . o
- - 1000- —
E 1 — E
£ 4000+ 2 .
g I g 5004 ——
5 2000- = | p—
o E [a]
|=
c 1 1 c 1 1
@‘?’ & RF- RF+
¥ e\s

FIGURE 4 Effect of HAMASs (A) and RF (B) at different plasma
D-dimer concentrations. HAMAs, heterophilic human antimouse
antibodies; ns, not significant; RF, rheumatoid factor

(P <.0001) with a mean bias of -487 (95% Cl, -689 to -285) and limit
of agreement of -2031 and 1057. The Bland-Altman analysis high-
lighted five discordant results (samples with D-dimer concentration
>2000 ng/mL FEU) (Figure 5D).

Focusing on values <1000 ng/mL, no significant difference be-
tween these two reagent/analyzer combinations was evidenced by
Passing-Bablok regression analysis with an equation y = -53.6 + 0.9x
(intercept 95% Cl, -216.5 to 77.0; slope 95% Cl, 0.6-1.3) (Figure 6C).
The Bland-Altman analysis also showed a good agreement with a
mean bias of -99.56 (95% Cl, -358 to 159), three values were dis-
cordant with no thromboembolic event occurring in these patients
(248, 335, and 263 ng/mL FEU with the Yumizen G DDi 2 assay vs
620, 730, and 620 ng/mL FEU with the STA Liatest DDi plus assay)
(Figure 6D).

The Innovance® D-dimer/CS 2100i combination yielded higher
D-dimer values than the Yumizen G DDi 2 reagent/Yumizen G800
combination (P <.0001), evidenced by the Passing-Bablok regression
analysis with an equation y = 4.6 + 0.75x (intercept 95% Cl, -29.8 to
38.1; slope 95% Cl, 0.7-0.8) (Figure 5E) and the Bland-Altman anal-
ysis with a mean bias of -628 (95% Cl, -861 to -395), limit of agree-
ment of -2474 and 942. Results were considered discordant for two
samples with D-dimer concentration >5000 ng/mL FEU (Figure 5F).

When only values <1000 ng/mL were considered, the Passing-
Bablok regression analysis showed also proportional difference be-
tween these two assays with y = 11.9 + 0.7x (intercept 95% Cl, -72.7
to 63.3; slope 95% Cl, 0.6-0.9) (Figure 6E), while the Bland-Altman
analysis showed a good agreement with a mean bias of -136.2 (95%
Cl, -402.7 to 130.4). Two values were discordant (686 and 237 ng/
mL FEU with the Yumizen G DDi 2 assay vs 370 and 720 ng/mL FEU
with the Innovance D-dimer assay); neither of these two patients
developed thrombosis (Figure 6F).

The Passing-Bablok regression analysis showed constant differ-
ence between D-dimer values obtained with the HemosIL D-dimer/
ACL TOP 700 and with the Yumizen G DDi 2/Yumizen G800 com-
bination with y = -86.4 + 0.9x (intercept 95% Cl, -118.6 to -48.4;
slope 95% Cl, 0.9-1.0) (Figure 5G). D-dimer values were higher with
the HemoslL D-dimer/ACL TOP 700 (P < .0001), with a mean bias
of =370 (95% Cl, -617 to -124) and limit of agreement of -2320
and 1580. The Bland-Altman analysis showed discordant values for
two samples with high D-dimer concentrations >10 000 ng/mL FEU
(Figure 5H).

The same pattern was observed when only values <1000 ng/
mL were considered; the Passing-Bablok regression analysis showed
constant difference between these two assays with y = -68.2 + 0.9x
(intercept 95% Cl, -130.0 to -7.8; slope 95% Cl, 0.8-1.0) (Figure 6G),
while the Bland-Altman analysis showed a good agreement with a
mean bias of -126.5 (95% Cl, -317.4 to 64.3). One D-dimer value

FIGURE 5 Bland-Altman plots of all the D-dimer values obtained with the Yumizen G DDi 2 assay/Yumizen G800 analyzer and: (A) Vidas
D-dimer Exclusion 11/Vidas, (C) STA Liatest Ddi plus/STA-R Max, (E) Innovance D-dimer/CS 2100i, (G) HemosIL D-dimer/ACL TOP 700. The x
axis represents the mean of the measurements, and the y axis represents the difference between the measurements obtained with the two
systems. Continuous and dotted lines represent the bias and the lower and upper limits of agreement with the 95% confidence intervals,
respectively. Passing-Bablok regression analysis are shown as B, D, F, H, respectively
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FIGURE 6 Bland-Altman plots of the D-dimer values <1000 ng/mL FEU obtained with the Yumizen G DDi 2 assay/Yumizen G800
analyzer and (A) Vidas D-dimer Exclusion I1/Vidas, (C) STA Liatest DDi plus/STA-R Makx, (E) Innovance D-dimer /CS 2100i, (G) HemosIL
D-dimer/ACL TOP 700. Values >1000 ng/mL FEU were excluded from the Bland-Altman plots to improve data visualization. The x axis
represents the mean of the measurements, and the y axis represents the difference between the measurements obtained with the two
systems. Continuous and dotted lines represent the bias and the lower and upper limits of agreement with the 95% confidence intervals,
respectively. Passing-Bablok regression analysis are shown as B, D, F, H, respectively

TABLE 2 Characteristics of the available D-dimer assays and interferences

Lower and upper
detection limits

(ng/mL FEU) with  Hemoglobin Bilirubin Rheumatoid
on-board dilution  (g/L) (mg/L) Lipids (g/L) factor (Ul/mL) HAMASs (ng/mL)
VIDAS D-Dimer 45-50 000 >4.8 >313 >30 >400 500
Exclusion 11
STA-Liatest D-Di Plus 270-20 000 >3 >200 No manufacturer’s >1000 Can lead to
data overestimation
Innovance D-dimer 170-35 200 >2 >600 >6 >1330 Decrease or increase
HemosIL D-dimer 215-12 800 >5 >180 >13.3 >1400 Can lead to
HS500 overestimation
Yumizen G DDi 2 112-32 700 >10 >300 >5 (Figure 3C) 935 (Figure 4A) >500 (Figure 4B)
(Figures 1 (Figure 3A) (Figure 3B)
and 2)

Abbreviations: FEU, fibrinogen-equivalent units; HAMAs, heterophilic human antimouse antibodies.

was discordant (686 ng/mL FEU with the Yumizen G DDi 2 assay
versus 377 ng/mL FEU with the HemosIL D-dimer assay), without a
thromboembolic event (Figure 6H).

The Spearman rank correlation analysis showed strong cor-
relations between the D-dimer concentrations obtained with
the Yumizen G DDi 2/Yumizen G800 and the other reagent/ana-
lyzer combinations: r = .93 for Yumizen G DDi 2 versus VIDAS D-
Dimer Exclusion Il (P < .0001), r = .97 versus STA Liatest DDi plus
(P <.0001), r =.99 versus Innovance D-dimer (P < .0001) and r = .98
versus HemoSil DDimer HS500 (P < .0001).

4 | DISCUSSION
D-dimer measurement is one of the most commonly requested tests
in the hemostasis laboratory, mainly to exclude thromboembolism.
Recently, various immunoturbidimetric D-dimer assays have been
marketed for routine laboratory practice. Most of these assays are
fully automated and allow D-dimer measurement simultaneously
with other routine coagulation assays, which is convenient for daily
use. However, due to differences in the technologies on which these
assays are based, the analytical performance of each new assay
needs to be evaluated before implementation.

This study describes the analytical performance of the Yumizen
G DDi2 D-dimer immunoturbidimetric assay performed with the
Yumizen G800 analyzer. The CV values of within- and between-
day imprecision (below the data reported by the manufacturer,
except the between-day imprecision in the normal range) were in

accordance with the specifications by Ricos and colleagues.?!%2

The assay imprecision for plasma samples close to the threshold
of 500 ng/mL FEU was satisfactory and comparable to what re-
ported earlier for the VIDAS D-Dimer Exclusion Il assay.12 The
method is fully automated, uses a small amount of sample, and
has a short sample turnaround time. The assay linearity was very
good for a broad range of concentrations, up to 20 000 ng/mL FEU
with automatic dilution and extended to 32700 ng/mL FEU with
manual redilution, which was larger than the measurement range
announced by the manufacturer. The lower and upper detection
limits (112 and 32 700 ng/mL FEU) were similar to those reported
for the other available assays (Table 2). This wide linear range
allows the direct measurement of most clinical samples without
the need for manual dilution and thus decreases the sample turn-
around time.

Clinically significant interferences due to hemolysis, icterus, and
lipemia are a common issue in immunoassays.23’25 In this study, no
significant impact of hemolysis was found up to hemoglobin concen-
trations of 10 g/L, which was higher compared with the manufactur-
ers’ data (Table 2) and previous studies on other assays. For instance,
a recent study performed with the STA-Liatest D-Di Plus reagent
on a STAR MAX 2 analyzer found that D-dimer values started to
increase from 6 g/L of hemoglobin.26 No impact of icterus was ob-
served up to 300 mg/L of bilirubin, as reported for the VIDAS D-
Dimer Exclusion Il reagent and in agreement with Mastella et al,?’
who found no significant change in D-dimer concentrations up to
300 mg/L of bilirubin. Conversely, lipid concentrations higher than
5 g/L led to an analytical interference, with a negative bias. Similarly,
Jensen et al showed that plasma samples with low D-dimer concen-
trations (<750 ng/mL FEU) are the most affected by lipemia (with the
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HemoslIL D-dimer HS 500 assay and the ACL TOP 550 analyzer).?®
Conversely, no interference was observed below 10 g/L of Intralipid
for the plasma samples with higher D-dimer concentrations.

The occurrence of interfering heterophilic antibodies (eg,
HAMAs and RF) with antibody of D-dimer assays has been reported
in the literature and is responsible for false-negative or false-positive
results with meaningful clinical implications.??-*? No interference of
HAMAs (up to 500 ng/mL) and RF (up to 935 Ul/mL) was detected,
supporting the safety of the D-dimer results obtained with the
Yumizen G DDi 2 reagent, RF levels rarely exceeding 1000 Ul/mL
in clinical practice.®® There are few data in the literature concern-
ing HAMA concentrations in clinical practice, plasma samples being
usually treated with a specific heterophilic blocking reagent when
HAMA interference was suspected, instead of measuring HAMA
concentration, 303234

Good correlation was observed between Yumizen G DDi 2 and
all the other immunoassays tested in this study, with correlation co-
efficients between 0.93 and 0.99. Method comparison studies were
performed using the currently proposed D-dimer reference method,
Vidas D-dimer Exclusion II. High comparability was evidenced when
comparing the Yumizen G DDi 2 assay with this assay, as shown by
the Passing-Bablok linear regression and the Bland-Altman analysis,
even when considering only values <1000 ng/mL FEU. D-dimer con-
centrations were slightly lower with the Yumizen G DDi 2 assay than
with the STA Liatest DDi Plus, Innovance D-dimer, and HemosIL
D-dimer assays. Some discordant D-dimer values were observed
around the usual clinical decision threshold with each of the com-
binations, but none of the involved patients developed thrombosis.
Our results are in line with the previously published statement that
the major drawback of D-dimer assays is the high variability ob-
served between commercial immunoassays. This persisting variabil-
ity might be explained by the heterogeneity in antibody specificity
(preference for high- or low-molecular-weight fibrin degradation
products) or complexity of the targeted analyte, and by the lack of
international certified internal controls or calibrators.”3>-3¢

This study presents some limitations. Different approaches exist
to test HIL interferences. Spiking plasmas with hemolysate, lipemic,
or icteric preparations may fail to show the same effects as naturally
hemolyzed, icteric, or lipemic patient samples. However, our inves-
tigations can provide a good estimate of the interferences and are
in accordance with the CLSI guidelines. Unlike many other studies,
quantifications and assay comparison were performed with fresh
plasma samples to avoid the potential impact of freezing and to re-
produce the real-life conditions of D-dimer measurement in emer-
gency situations. Finally, results of this study should be clinically
validated to prove the accuracy of this D-dimer assay when used for
the diagnostic workup of patients with VTE, or in risk stratification
for recurrence after unprovoked VTE.

In conclusion, our study found that the analytical performances
of the Yumizen G DDi 2 assay are satisfactory. The automated
Yumizen G800 rapidity and random access testing are additional
advantages of this method for routine use in clinical hemostasis
laboratories.
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