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Summary

In consecutive patients with suspected venous thromboembolism the
interobserver variability of the SimpliRED D-dimer test was evaluated
by two observers who independently scored one plate, the between 
assay variation was performed simultaneously by a third independent
observer, who assessed a second plate. The biological variation was
studied, 1-4 hours later by an independent evaluation.

A total of 155 patients entered the study, venous thromboembolism
was present in 42 patients (28%). The interobserver variability was
2/83 samples, with a kappa of 0.95 (95% confidence interval 0.88-1.0).
The between assay variation was 2/98, with a kappa value of 0.96 (95%
confidence interval 0.90-1.0). When testing the biological variation the
observers disagreed in 2 of 69 patients (3%).

The SimpliRED D-dimer assay has a good to excellent interobserver
variability, between assay variation and reproducibility.

Introduction

Despite the recent introduction of various less invasive diagnostic
procedures, the diagnostic management of patients with suspected 
venous thromboembolism (VTE) remains complex and time consum-
ing. In those with symptoms in the lower extremity, repeated testing
with ultrasonography or similar methods is required (1). In patients
with suspected pulmonary embolism the management strategy is often
comprised of multiple tests varying from scintigraphy to angiography
(2, 3).

Since VTE will be excluded as the cause of the symptoms in approx-
imately 70% of patients presenting with clinically suspected VTE, an
easy and reliable method for the exclusion of the disease would be an
important step forward in the diagnostic management of these patients.
Previously D-dimer assays have been shown promising in this respect,
since the negative predictive values of a normal test have been shown to
approach 100% (4-11). Initially, these assays involved ELISA methods,
which required plasma preparation and were labor intensive (4-8).
More recent improvements have yielded fast and acutely applicable
tests which have potential for use in the clinical management of patients
with suspected VTE (5-12).

One of the main requirements for any test to be used reliable in 
clinical practice, is that it has a high observer agreement. Furthermore,
it should be relatively stable and uncompromised by heparin treatment,

since this is frequently initiated during the early phase of the diagnostic
work up of patients with suspected VTE.

In this study we assessed the observer variability and biological 
variation of a rapid whole blood D-dimer assay.

Patients and Methods

Patients

Consecutive patients, aged 18 years and older, who were referred for 
diagnostic work up for clinically suspected VTE to the Thrombosis Unit of the
Academic Medical Center, Amsterdam, The Netherlands were eligible. Both
outpatients and inpatients (admitted to the hospital for another disease in whom
symptoms suggesting VTE developed during the course of their hospitalisa-
tion) were eligible. Patients with full dose of (low molecular weight) heparin
for more than 24 h or those receiving long-term oral anticoagulant therapy were
excluded. Patients treated with prophylactic dose of (low molecular weight)
heparin were allowed to enter the study. The study was approved by the 
Institutional Review Board and informed consent was obtained in all 
participants. Fifteen patients reported in this analysis were part of a previously
published study (12).

Diagnostic Tests

Deep vein thrombosis was diagnosed using serial compression ultra-
sonography (1). Compression ultrasonography was performed on the day of 
referral and one week later. If the test remained normal and during a 3-month
follow-up period no symptomatic deep vein thrombosis or pulmonary embolism
occurred, patients were considered not to have had thrombosis of the deep leg
veins. Contrast venography was only performed in patients with suspected 
recurrent deep vein thrombosis or in those with high clinical suspicion and 
inconclusive ultrasound test results.

Perfusion (ventilation) lung scintigraphy was the initial test for diagnosing
pulmonary embolism. Pulmonary angiography was performed to prove or 
exclude pulmonary embolism in those patients in whom a non-diagnostic lung
scan result was obtained (2). Pulmonary embolism was considered excluded if
the perfusion lung scan or the angiogram were normal and 3-month follow-up
was uneventful.

D-dimer levels were determined using a whole blood assay (SimpliRED 
D-dimer, Agen Biomedical Ltd, Brisbane, Australia) with blood obtained from
a fingerstick, as described previously (13). Briefly, the test uses a conjugate of
monoclonal antibodies DD-3B6/22 (raised against human D-dimer) and 
RAT-1C3/86 (raised against red blood cells) and, if agglutination of the red
blood cells is visible within 2 min, the test is scored as abnormal (positive). The
first D-dimer assay testing was always performed prior to diagnostic tests for
VTE.

To evaluate the interobserver variability, one plate was inspected at the
same time by two observers. After two minutes both independently recorded
their interpretation of the test outcome and the results were compared after-
wards. The between assay variation was tested from the same fingerstick, using
a second assay plate. The second test was performed at the same time as the first
test, and analyzed by a third independent observer. Biological variation was
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evaluated by repeated fingersticking and testing, one to four hours after per-
forming the initial test.

If possible all three tests were performed in one patient. In case there were
not enough observers available, selected types of testing were performed 
(i.e. starting with between assay variation, then interobserver variation).

Results

Patients

A total of 151 consecutive patients with a mean age of 58 years with
suspected VTE entered the study. Of those patients, 66% were female
and 27% were inpatients. The diagnosis was refuted or proven in 
109 and 42 patients, respectively. Hence, the prevalence of VTE in this
cohort was 28%. Of the 42 patients with VTE 40 had an abnormal test
result. One patient in whom pulmonary embolism was proven angio-
graphically, had symptoms for less than 24 h. The test became 
subsequently positive upon repeated testing 4 h later. The other 
patient with proven deep vein thrombosis, had complaints since 
4 weeks. Of the 42 patients with VTE 3 were detected during follow-up,
all had a positive D-dimer test result initially.

Interobserver Variation

The assessment of the interobserver variation, i.e. the inspection of
the same plate by two observers, was performed in the samples of 
83 patients. The observed agreement was 98%, for a kappa value of
0.95 (95% confidence interval of 0.88-1.00; Table 1). The observers
disagreed in 2 patients, in whom VTE was subsequently excluded. 

Between Assay Variation

The variation between two assays obtained from the same finger-
stick was determined in 98 patients. In 96 patients (98%) the plates
showed the same results, with a kappa of 0.96 (95% confidence 
interval 0.90-1.00; Table 2). In the two instances of between assay 
variation, the patients did not have VTE.

Biological Variation

The biological variation of plasma D-dimer levels was assessed in
69 patients of whom 25 had VTE. As described above, one patient with
proven pulmonary embolism showed a positive test result only after 
4 h. In patients in whom venous thromboembolism was excluded, 
variation was present in one patient in whom a negative result 
converted to an abnormal test after 4 h. Hence, the plasma 
D-dimer levels varied in 3% of patients, leading to conflicting results
over a one to four-hour period.

In 24 patients heparin therapy was started within 24 h before the first
D-dimer test or in between the first and second D-dimer tests. All 
except one patient had a positive first D-dimer test, all 24 patients had
a positive second D-dimer test result.

Discussion

SimpliRED D-dimer is a whole blood bed-side test, which previous-
ly showed potential clinical utility in the exclusion of VTE in 
symptomatic patients (10-12). In the present study, venous thrombo-
embolism was adequately excluded in 58 of 151 patients presenting
with suspected VTE, but was apparently missed in  2 of 40 patients with
proven venous thrombosis. The reasons for false negative findings in
these two patients may have been related to the duration of their 
symptoms. In one patient this was relatively short (less than 24 h),
whereas this was much longer in the other patient (1 month). It is con-
ceivable that either insufficient D-dimer have been produced if patients
are seen (too) early, whereas the D-dimer levels may have regressed to
below the threshold for an abnormal test in more chronic venous throm-
boembolism. Our observation is in agreement with findings of a higher
sensitivity in patients with shorter duration of symptoms in other 
studies (14, 15).

The main finding of this study indicates that the interobserver 
variation, between assay variation and biological variation of this
whole blood D-dimer test evaluated in patients with clinically 
suspected VTE is good to excellent, yielding kappa values of greater
than 0.95. Although several other D-dimer tests have been evaluated for

Table 1 Analysis of interobserver variation of a whole blood D-dimer assay in 83 patients with clinically suspected venous thromboembolism

First observer
Agglutination present Agglutination absent Total

Agglutination present 48 1 49
Second
observer

Agglutination absent 1 33 34

Total 49 34 83

Agreement 81/83 = 98%, kappa = 0.95; 95% confidence interval 0.88-1.00.

Table 2 Analysis of between assay variation of a whole blood D-dimer assay in 98 patients with clinically suspected venous thromboembolism

First observer
Agglutination present Agglutination absent Total

Agglutination present 56 2 58
Second
observer

Agglutination absent 0 40 40

Total 56 42 98

Agreement 96/98 = 98%, kappa = 0.96; 95% confidence interval 0.90-1.00.
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their potential clinical use in patients with suspected venous 
thromboembolism, little is known about their observer variability and
reproducibility. Observer variation in a latex based D-dimer assay was
tested only once, concordance was present in 24 of 32 samples (16).
The interobserver variation in 4 ELISA D-dimer assays varied between
2 and 17% (17). The between assay variation was tested in 5 ELISA
based assays (17, 18) as well as in an imunofiltration D-dimer assay (5,
6). The test-outcome varied in this respect between 12 and 26% in three
of these studies (5, 6, 17) and was found to be excellent in one, when 
D-dimer measurements of the left and right leg were performed (18).
Thus, although 2% to 3% disagreement was observed in our study, the
disagreement was much higher in most other studies, including those
with ELISA based D-dimer assays. However, as for most visual 
interpretation tests, new observers do have a learning curve with the
SimpliRED D-dimer assay, especially in patients with trace positive
test results.

A short duration of heparin therapy did not appear to influence the
test outcome: none of the 23 patients with initial positive test became
negative during the time interval of testing during heparin therapy. This
is in accordance with observations from others (19-22) and is to be 
expected since the half-life of D-dimers is approximately 8 hours (15).
The clinical consequence of this finding is that D-dimer assays can be
interpreted reliably during the first hours of heparinization.

Before a new diagnostic test can be widely advocated for the use in
patient care, three types of studies should have been performed with
good outcome (23).  Firstly, the observation variation, assay variation
and biological variation should be determined and be minimal. If 
possible, reasons for variation should be identified. Secondly, the 
sensitivity and specificity, as compared to the gold standard for the 
diagnosis of the disease, should be determined. This D-dimer assay
now has proven to be adequate in both these aspects. Finally, the test
should be tested in a clinical management trial, in which the decision
about whether the patient will not be further investigated is based on a
normal D-dimer test result should be prospectively determined. This 
final step still needs to be completed.
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