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Objectives: To apply a previously validated clinical model for predicting pre-test probability of deep
vein thrombosis (DVT) to patients attending an emergency department with symptoms suggestive of DVT
and assess its reproducibility in the patient population. To measure the diagnostic value of the
SimpliRED D-dimer assay in effectively excluding DVT.
Method: Prospective study between March 1999 and October 2000 of adult patients attending with
suspected DVT. Patients were assessed using Wells’ clinical prediction tool and risk stratified.
SimpliRED D-dimer estimations were then performed and compression ultrasonography arranged. The
pre-test probabilities of DVT in the low, moderate, and high risk groups of Wells’ original cohort were
compared with the authors’ figures and the sensitivity, specificity, and predictive values of the
SimpliRED assay calculated for the patient population.
Results: Application of Wells’ criteria to patients in the department permitted stratification into high,
moderate, and low risk groups (prevalence of DVT 58.3%, 8.9%, and 1.5% respectively). SimpliRED
D-dimer assay sensitivity was 63.4% with specificity of 74.8%, with a likelihood ratio of 2.52 for a
positive test and 0.49 for a negative test.
Conclusions: Clinical risk stratification allowed patients to be categorised into high, moderate, and
low risk groups, albeit with less discriminatory power than originally described by Wells. The low
sensitivity of the SimpliRED D-dimer assay when used routinely in a busy emergency department raises
substantial doubt over the use of this test to rule out DVT, even in low risk patients.

T

he diagnosis and investigation of suspected deep vein
thrombosis (DVT) has been the subject of considerable
interest in recent years, stemming from the previously
reported inaccuracy of clinical assessment1 and the variety of
investigation protocols used in different centres. Contrast
venography has been considered the gold standard for
confirmation of DVT but its invasiveness and limited availability
in practice make it an unattractive diagnostic tool. Compression
ultrasonography is an alternative that is now widely accepted as
the standard non-invasive test. Its sensitivity and specificity in
detecting DVT are greater in proximal than in calf DVT, which,
although in itself a condition unlikely to give rise to pulmonary
embolus, may subsequently extend more proximally with the
attendant risk of embolisation.2 Clinical assessment of the pretest probability of DVT has been studied and a set of validated
criteria established and refined by Wells et al with the aim of
reducing the amount of diagnostic testing required.3 The availability of “near patient” D-dimer assay (SimpliRED, Agen Diagnostics) has the implication that patients can be more speedily
assessed and treated without the need for empirical heparinisation and admission pending a “diagnostic” test, although its
sensitivity for calf DVT is only moderate.4
The purpose of our study was to validate the Wells clinical
criteria in our patient population and then to determine the
utility of SimpliRED D-dimer assay in a busy emergency department, performed by trained but unsupervised staff on a broad
spectrum of unselected patients with suspected DVT. The investigation protocol was completed by duplex ultrasonography. We
aimed to determine if using such a protocol was a safe and
effective way to investigate this common problem.

METHOD
This prospective study between March 1999 and October 2000
involved 296 consenting patients over the age of 18 who presented to the Emergency Department of Northern General

Hospital, Sheffield, UK with symptoms suggestive of DVT. The
investigation protocol used gained local ethical approval.
Patients were assessed against the criteria laid down in the
validated clinical model for patients with suspected DVT5 and
ranked accordingly into low, moderate, or high pre-test probability of having DVT (see fig 1).
Near patient D-dimer assay was then performed using the
SimpliRED test by the assessing doctor. Any degree of agglutination in the test well was recorded as a positive result. All
emergency department medical staff had received training in
the use of the test kit. Compression ultrasonography was then
arranged for all patients; if a scan was not possible the same
day then the patient was either allowed home after receiving
1.5 mg/kg subcutaneous clexane empirically, or admitted
overnight, based on their pre-test probability and D-dimer test
result (see fig 2). Patients with a low pre-test probability in
whom the D-dimer result was negative (no test well
agglutination) and who had a negative scan were considered
not to have DVT. Patients who had a positive D-dimer but
negative scan, those ranked as moderate pre-test probability
but having a negative D-dimer assay and those in whom the
scan proved equivocal were reassessed by repeat scan one
week later. Patients who were ranked as high pre-test
probability and who attended out of hours were admitted and
heparinised pending ultrasound scan the following day. We
applied the investigation protocol to patients attending at any
time of the day or night.
Ultrasound scan was performed by the Medical Physics
Department of Northern General Hospital by operators
unaware both of the clinical ranking of the patients and their
D-dimer result. Any ultrasonographic evidence of a compression defect was taken to be a positive DVT.
Analysis of the data obtained was performed to establish
whether we could demonstrate reproducibility of Wells’ clinical
model for determining pre-test probability of DVT and to assess
the usefulness of the SimpliRED D-dimer assay in our hands.
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dimer positive
dimer negative
Total

D
D

DVT

No DVT

Total

26
15
41

60
178
238

86
193
279

Table 2 Sensitivity, specificity, negative, and positive
predictive values (NPV, PPV) and likelihood ratios (LR)
for SimpliRED D-dimer testing as performed by all
grades of emergency department medical staff on
adult patients presenting with suspected DVT having
been assessed using the clinical prediction model

Figure 1 Clinical assessment form for patients with suspected DVT.

Parameter

Point estimate

95% CI

Sensitivity (%)
Specificity (%)
PPV (%)
NPV (%)
LR of (+) test
LR of (−) test

63.4
74.8
30.2
92.2
2.52
0.49

48.1 to 76.4
68.9 to 79.9
21.5 to 40.6
87.6 to 95.2
1.83 to 3.46
0.32 to 0.74

ing as performed by all grades of emergency department
medical staff on adult patients presenting with suspected DVT
having been assessed using the clinical prediction model.

RESULTS
Of the cohort of 296 patients, 279 were assessed by the full
protocol. Seventeen patients did not have D-dimer estimations
performed and these were excluded from statistical analysis
relating to SimpliRED. The data obtained during the course of
the study and the analyses performed are most easily
presented in table form.
Table 1
Results of near patient SimpliRED D-dimer testing of 279
patients showing the proportions of positive and negative tests
shown to have DVT or not on subsequent compression
ultrasonography.
Table 2
Sensitivity, specificity, negative, and positive predictive values
(NPV, PPV) and likelihood ratios for SimpliRED D-dimer test-

Table 3
Risk stratification of our patient population using Wells’ validated criteria.
Although risk stratification was successful in our group, it
was not quite as discriminatory as previously described:
prevalence of DVT in the low and moderate groups was
significantly higher than suggested by the Wells criteria and
prevalence in the high groups was significantly lower.
Nevertheless, risk stratification was confirmed to be a valuable
tool.
Table 4
The table shows Bayesian analysis of D-dimer results.
Wells’ stratification has been used to generate pretest probabilities and pretest odds for the three clinical groups. Our
likelihood ratios were then applied to these values to generate
post-test odds that have been converted back into probabilities, hence giving the probability of DVT in each clinical group
after the D-dimer result is known.

DISCUSSION

Figure 2 Investigation pathway for patients with suspected DVT.
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The fact that individual symptoms and signs have previously
been reported to be inaccurate in the diagnosis of DVT has
generated interest in clinical prediction models for some
time.3 6 7 One of the more methodologically sound of these was
that devised by Wells and colleagues in 1995 in which patients
were assigned to a clinical pre-test probability (PTP) group
based on “major” and “minor” clinical criteria. This model was
refined by means of logistic regression analysis and prospectively re-validated to achieve discrete clinical DVT predictors.5
Application of the model to a patient cohort led to DVT prevalence of 74.6% in those ranked as “high” PTP, 16.6% of those
ranked “moderate”, and 3.0% of those ranked “low”. Our
study figures of 53.3%, 24.5%, and 6.4% respectively demonstrate that, although risk stratification was successful, it was
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Risk stratification of our patient population using Wells’ validated criteria

Low risk
Mod risk
High risk
All patients

Table 4

DVT

No DVT

Prevalence (95% CI)

DVT probability (Wells)

12
23
8
43

175
71
7
253

6.4% (3.7 to 10.9)
24.5% (16.9 to 34.0)
53.3% (30.1 to 75.2)
14.5% (11.0 to 19.0)

3.0%
16.6%
74.6%

Bayesian analysis of D-dimer results
+ D-dimer post-test

− D-dimer post-test

Pretest probability of
DVT (Wells)

Pretest odds

Odds

Probability

Odds

Probability

Low—3.0%
Mod—16.6%
High—74.6%

1:32.3
1:5.0
2.9:1

1:12.8
1:2.0
7.3:1

7.2%
33.3%
88.0%

1:65.9
1:10.2
1.4:1

1.5%
8.9%
58.3%

not quite as discriminatory as Wells’ data described. Prevalence of DVT in our “low” and “moderate” PTP groups was
significantly higher than Wells’ figures while prevalence in the
“high” cohort was significantly lower. Nevertheless, risk
stratification is confirmed to be a valuable tool in the context
of a diagnostic pathway. Even within the confines of a
structured clinical assessment, observer variability in the
interpretation of some clinical features may occur and our
study may have benefited from two independent physicians
assessing the same patient on the same visit, each blinded to
the other’s scoring of PTP, followed by a statistical determination of agreement. In everyday practice, however, this is clearly
impractical. The important point is that PTP scoring gives
clinical examination a measurable value and reduces the likelihood of inconsistent clinical assessment.
The role of SimpliRED D-dimer assay has been studied previously, with sensitivities of up to 94% quoted for its overall
ability to exclude DVT8 although elsewhere its sensitivity has
been recorded at 70% for exclusion of calf DVT and recent
studies have produced an even lower overall sensitivity of 65%
with a negative predictive value of 81%.9 In our patient population as a whole, D-dimer sensitivity was 63.4%, which leads
us to conclude that SimpliRED D-dimer assay alone is unsatisfactory as an exclusion test. The potential advantages of the
assay lie in the speed and convenience with which it can be
performed: because it is a quick and simple test, the sensitivity and specificity do not have to be perfect for it to add to a
clinical assessment. Likelihood ratios and Bayesian analysis
allow determination of whether D-dimer assay adds anything
useful to clinical scoring. However, one must first decide how
D-dimer might be helpful and at what threshold probability of
DVT one would make certain decisions—for example, a negative D-dimer could potentially rule out DVT in a patient with a
“low” clinical PTP providing the threshold for considering DVT
to be ruled out lies between the pre-test and post-test
probabilities. Our Bayesian analysis shows that, even using
this approach, D-dimer assay is unlikely to add anything useful to the clinical assessment. In the example above, the
pre-test probability for DVT in low risk patients was 3.0%
(Wells) and after a negative D-dimer it fell to 1.5% (table 4).
Unless we consider 3.0% to be an unacceptably high risk of
DVT and 1.5% to be an acceptable risk, D-dimer assay will not
influence the decision to do further testing. Similar analyses
can determine whether a positive D-dimer in a high risk
patient might obviate the need for confirmatory testing; again,
the answer would seem to be no. A “positive” SimpliRED
result arises via erythrocyte agglutination in the presence of
raised D-dimer levels, which can be visualised within five min-

utes. Any such qualitative test has a margin of error. Although
our medical staff of all grades were trained in, and monitored,
performing the test, ongoing confounding may arise through
poor technique (for example, failure to bring the reagents
properly to room temperature and failure to correctly interpret
a marginally positive result) unrelated to seniority. We made
no differentiation in our data according to grade of staff as this
would in practice be an unrealistic way of administering the
test. Original research into the performance of SimpliRED
actually stated that “ . . .it is possible to grade the positivity of
the test”4 but no further analysis in that regard was performed
and it remains unclear whether this may affect the test’s reliability in practice. Our study contained a potential source of
bias in that assays were done by the same doctor who had
performed the PTP estimation, although the recent report
quoting a SimpliRED sensitivity of 65% was achieved via a
protocol where assay was done by laboratory staff, the physicians being blinded to the result. Overall, however, our results
realistically reflect how SimpliRED assay performs in a routine
busy emergency department setting, with limited supervision
of testing procedures and naturally variable quality control.
Lower extremity ultrasonography has been widely used as a
benchmark non-invasive test for DVT diagnosis10 as it is
generally easy to arrange, cheap, and patient friendly. Its sensitivity in detecting calf DVT is poorer than for proximal
lesions2 and there is a degree of operator variability. Its choice
as the practical gold standard has arisen because contrast
venography, while diagnostically superior, is invasive, time
consuming, and has potentially unacceptable side effects. The
ultrasound regimen is therefore well recognised in practice as
the diagnostic benchmark. The main finding of our study,
namely the poor diagnostic performance of SimpliRED assay,
is unlikely to be influenced by any credible variation in the
accuracy of ultrasound—it is not conceivable that SimpliRED
actually had a sensitivity of 80%–90% and our results arose
only because of erroneous ultrasound scanning. The overall
aim of the study was to evaluate the validated clinical prediction tool and to assess the usefulness of SimpliRED estimation
with the inference of incorporating them into a safe and easily applicable investigation protocol for suspected DVT. It is
important to recognise the limitations of the components of
any protocol in isolation and also to guard against overrarification of the investigations required to safely exclude
DVT. Based on our data we cannot accept that SimpliRED
D-dimer assay can safely be used in everyday practice as an
exclusion tool for DVT.
In conclusion, DVT is a difficult condition to diagnose clinically. Application of the Wells criteria to patients in our
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Note regarding statistical analysis
Standard equations were used to calculate the prevalence of
DVT and the sensitivity, specificity, positive, and negative
predictive values and likelihood ratios for the SimpliRED
11–13
D-dimer.
CIA software for Windows13 was used to calculate
confidence intervals using Wilson’s method for proportions and
the log method for likelihood ratios. Low, moderate, and high
risk populations as defined by Wells’ criteria were subjected to
Bayesian analysis, using likelihood ratios from our data, to
evaluate the potential role of D-dimer in each population.11 12
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department permitted stratification into high, moderate, and
low risk groups (prevalence of DVT 58.3%, 8.9%, and 1.5%
respectively). This is not as discriminatory as Wells’ original
data and may be explained by insufficient ongoing training or
interobserver variation within our staff. SimpliRED D-dimer
assay had a sensitivity of 63.4% and specificity of 74.8% for
DVT. These findings raise doubts regarding the use of risk
stratification and SimpliRED D-dimer assay to exclude DVT
without further diagnostic testing within the setting of a busy
emergency department.
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