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Summary

We performed a study in 403 prospectively included patients with suspected pul-
monary embolism to compare the accuracy of a combination of the SimpliRED
D-dimer assay and an intuitive clinical probability estimate with either one alone.
Based on a conjoint diagnostic reference standard, including ventilation-per-
fusion lung scintigraphy and pulmonary angiography, the prevalence of pulmo-
nary embolism was 31%. We demonstrated a high sensitivity (98%, 95% CI 95-
100) and negative predictive value (94%, 95% CI 79-99) for the combination of
the two tests. These figures were more favorable than for either test alone. The
specificity of the combination was lower (11%, 95% CI 9-12) and consequently
the proportion of patients in whom further diagnostic tests would have been
avoided was only 8%. We conclude that the combined use of the SimpliRED test
and the clinical probability estimate attains a higher sensitivity than either test
alone. However, there remains a risk of false negatives and the exclusion effi-
ciency is limited.
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Introduction

It has been well documented that of all patients with clinically suspected pulmo-
nary embolism only one third has the disease confirmed by objective diagnostic
tests (1, 2). The conventional objective diagnostic work-up includes ventilation-
perfusion lung scintigraphy as the initial step, followed by pulmonary angiogra-
phy in case of a non-diagnostic lung scan. However, this work-up has as draw-
backs the non-daily availability of the techniques in many hospitals and the
observed reluctance among clinicians to perform angiography (3-5). Hence, it
may be efficient to precede the diagnostic work-up by a ‘triage test’ to identify
patients without the disease in whom further diagnostic testing can be safely
avoided in an early stage. A crucial requirement for successful implementation of
a triage test in clinical practice is that virtually no patient with the disease is
missed. Thus, its sensitivity and negative predictive value should approximate
100%. Ideally, a triage test is rapid, noninvasive, inexpensive and available on a
daily basis.

D-dimer assays, which measure a specific fibrin degradation product, have the
potential to exclude pulmonary embolism in a relatively noninvasive and inex-
pensive manner (6, 7). The whole blood agglutination SimpliRED D-dimer test
has the additional advantage that it is suitable for bedside testing. It requires only
a minute amount of whole blood without the need to centrifuge blood and proc-
ess plasma, and it has a short time-to-result of less than 5 minutes. However, as
for other D-dimer assays, the reported sensitivities and thus negative predictive
values vary widely, these figures being below 100% in most studies (8-10). Hence,
it appears unsafe to use this D-dimer test in isolation to exclude pulmonary
embolism.

It has previously been suggested that pulmonary embolism can reliably be
excluded when a normal SimpliRED test result is combined with a low pretest
likelihood of the disease according to structured clinical models (11, 12). It
would be even more convenient if physicians could use their intuitive estimate of
the clinical probability of pulmonary embolism complementary to a D-dimer
test.

Therefore, the purpose of the present study was to compare the diagnostic
accuracy of a combination of the SimpliRED D-dimer assay and an intuitive clin-
ical probability estimate with either test alone in patients suspected of pulmonary
embolism.
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Patients and Methods

Patients

Consecutive in- and outpatients presenting with a clinical suspicion of pulmo-
nary embolism at six Dutch teaching hospitals were potentially eligible for the
study. Patients were excluded if they were younger than 18 years of age, were
pregnant, had already undergone objective diagnostic tests for pulmonary embo-
lism, had an indication for acute thrombolytic therapy, or if there was an
expected inability to complete the study protocol within 48 hours of presenta-
tion. The Institutional Review Boards of all participating hospitals approved the
study protocol and each included patient had given written informed consent.

Triage Tests

A limited number of trained investigators performed the SimpliRED D-dimer
assay (Agen Biomedical Ltd, Brisbane, Australia) prior to or within 24 hours of
the start of heparin therapy and before other diagnostic investigations. The
method for the performance of this rapid D-dimer test has been described else-
where (13). Briefly, this test is a whole blood agglutination assay, which employs a
conjugate of two monoclonal antibodies resulting in a bispecific antibody raised
against the human D-dimer epitope (DD-3B6/22) and red blood cells (RAT-1C3/
86). Capillary blood (2x10 pl) was obtained by fingerstick. The test result is
abnormal when agglutination of red cells becomes visible on the test slide within
two minutes, reflecting a D-dimer concentration of 0.20 mg/1 or above.

The treating physician was asked to mark a clinical probability estimate of
pulmonary embolism on a visual analog scale of 0 to 100 percent, prior to lung
scintigraphy (14). This estimate was based on intuition with only knowledge of
the medical history, physical examination and, if available, the results of routine
tests (such as, arterial bloodgas analysis, electrocardiogram and chest X-ray). No
structured algorithm was used to estimate the clinical pretest probability. The
respective treating physicians were many different residents who worked under
supervision of staff physicians at the various departments where patients were
seen. These physicians were not involved in the execution and the analysis of the
study. They had not received formal training or instructions in the performance
of the clinical probability estimate. Before the probability estimates were given,
they were only notified that no therapeutic management decisions were attached
to their estimates. For the purpose of the present study, we dichotomized the esti-
mates afterwards into less than 20% (i.e. low clinical probability) or greater than
or equal to 20%. This cut-off point was chosen on the basis of previous literature
(2, 15). The validity of using a physician’s intuitive clinical probability estimate
instead of one of the two standardized clinical models that were formulated by
other investigators has been demonstrated in a previous report of our study (14).
In that report, we described that a physician’s clinical judgement alone and these
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standardized clinical models perform comparable in categorizing the pretest
probability of pulmonary embolism.

In order to avoid potential diagnostic suspicion bias in our study, D-dimer
tests and clinical probability estimates were performed independently of each
other.

Reference Test

The reference diagnostic test to confirm or refute the diagnosis of pulmonary
embolism was ventilation-perfusion lung scintigraphy or pulmonary angiogra-
phy. Pulmonary embolism was considered to be present in case of a high proba-
bility lung scan or abnormal angiography and absent if the lung scan or angiog-
raphy was normal. Lung scans were obtained within 24 hours of study inclusion,
after the administration of 100 Mbq of *™Technetium-labelled macro-aggregates
of albumin. If segmental or larger perfusion defects were seen, ventilation lung
scintigraphy was added using *""Krypton gas. The lung scans were classified
according to previously described criteria as normal, high probability or non-
diagnostic (1). A panel of experienced nuclear medicine physicians interpreted
all lung scans by using a lung segment reference chart and reached final classifica-
tions by consensus (16). Pulmonary angiographies were performed and inter-
preted using standard methods in all patients with a non-diagnostic lung scan
(17, 18). The angiographies were interpreted independently by two radiologists
and in case of disagreement, the independent interpretation of a third was deci-
sive. All reference diagnostic tests were interpreted without knowledge of the D-
dimer test results and the clinical probability estimates. The maximum allowed
interval between these tests was 24 hours, albeit they were mostly performed in
one day.

Data Analysis

Patients in whom a definite conclusion regarding the presence or absence of pul-
monary embolism was reached according to the conjoint diagnostic reference
standard, and both a D-dimer test result and a clinical probability estimate were
available, were included in the final analysis. The outcome of the combination of
the two tests, further referred to as ‘the combination’, was designated negative
(i.e. to exclude pulmonary embolism) in case of a normal D-dimer test result and
a low clinical probability estimate (< 20%). All other combinations of test results
were designated positive. The sensitivity, specificity, negative predictive value and
corresponding exact 95% confidence intervals (CI) were calculated. In addition,
the exclusion efficiency, i. e. the proportion of all included patients with a nega-
tive outcome of the combination, was calculated. The accuracy indices were com-
pared using Chi-square tests and if necessary Fisher’s exact tests. Two-tailed
p-values of less than 0.05 were considered to indicate statistical significance.
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Results

From May 1997 through March 1998, a total of 1162 patients with clinically sus-
pected pulmonary embolism were screened for eligibility. Of these patients, 179
were excluded on the basis of the predefined criteria. Of the 983 eligible patients,
627 (64%) agreed to participate in the study. A reference diagnosis regarding the
presence or absence of pulmonary embolism was not reached in 110 of these
patients because of clear evidence for an alternative diagnosis, medical reasons,
technical failure or premature withdrawal of informed consent. In 114 other
patients the clinical probability estimate was not obtained before the lung scan
result was known and/or the SimpliRED D-dimer assay was not performed due
to logistic reasons. This left a total of 403 patients for final analysis. Their baseline
clinical characteristics were similar to those of the 224 patients who were not
included in the analysis (Table 5.1). However, the latter patients were more often
in-patients, had more co-morbid conditions and more symptoms of deep vein
thrombosis.

Table 5.1 Baseline clinical characteristics of the 403 study patients and the 224 patients
who were excluded from the final analysis

Study patients  Excluded patients

(n=403) (n=224)

Male 173 (43%) 97 (43%)
Mean age, years (SD) 52 (18) 55 (19)
Out-patients 329 (82%) 161 (72%)
Median duration of symptoms, days (quartiles) 3 (1, 9) 3 (1, 10)
Previous history of VTE 59:(1:55%) 39 (17%)
Family history of VTE 80 (20%) 42 (19%)
Risk-period* 143 (35%) 106 (47%)
Active malignancy 40 (10%) 31 (14%)
Symptoms of DVT 19 (5%) 24 (11%)

VTE = venous thromboembolism
# = period of immobilization, surgery or trauma in period of 3 months before presentation
DVT = deep vein thrombosis

Of the 403 study patients, 125 (31%) were classified as having pulmonary embo-
lism on the basis of 105 high probability lung scans and 20 abnormal angiogra-
phies. The diagnosis of pulmonary embolism was refuted in the remaining
patients on the basis of 186 normal lung scans and 92 normal angiographies.

Of the 125 patients with proven pulmonary embolism, 123 had a positive out-
come of the combination (sensitivity 98%, 95% CI 95-100). The combination
had a negative outcome in 31 of the 278 patients without pulmonary embolism
(specificity 11%, 95% CI 9-12). Of all 33 patients with a negative outcome of the
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combination (exclusion efficiency 8%), 2 had pulmonary embolism (negative
predictive value 94%, 95% CI 79-99). These two patients were outpatients with-
out co-morbid conditions or risk factors for venous thromboembolism, did not
receive anticoagulant therapy prior to the performance of the SimpliRED test and
had a short duration of symptoms before presentation (less than 24 hours;
3 days). The first patient presented with high fever (39.7 °C), a heart rate of 101
beats/minute, dyspnea, non-pleuritic retrosternal chest pain and without concur-
rent symptoms of deep vein thrombosis. The treating physician considered pneu-
monia with pleural fluid more likely than pulmonary embolism. The second
patient suffered only from non-pleuritic retrosternal chest pain and an alterna-
tive diagnosis was not considered.

Table 5.2 illustrates that the sensitivity of the combination was significantly
higher as compared to the separate sensitivities of the SImpliRED test (p<0.001)
and the clinical probability estimate (p=0.02). Its specificity was lower than either
test alone (p<0.001 and p=0.07, respectively). The combination showed a higher
negative predictive value than the SimpliRED test and clinical probability esti-
mate separately, albeit statistically significant differences were not reached
(p=0.54 and p=0.12, respectively). The exclusion efficiency of the combination
was less than either test alone.

Table 5.2 Diagnostic accuracy indices of the combination and either triage test alone in the
403 study patients

Sensitivity  Specificity NPV Exclusion
(95% CI) (95% CI) (95% CI) efficiency

Combination 98% 11% 94% 8%
(95-100) (9-12) (79-99)

SimpliRED D-dimer test alone 83% 60% 89% 46%
(76-89) (57-62) (83-91)

Clinical probability estimate alone  91% 17% 81% 14%
(86-95) (14-19) (69-90)

NPV = Negative Predictive Value

Discussion

This study in a large cohort of consecutive patients with clinically suspected pul-
monary embolism demonstrated a high sensitivity and negative predictive value
for the combined use of the SimpliRED test and a clinical probability estimate of
pulmonary embolism. These figures were more favorable than for either test
alone. The resultant specificity of this combination was lower and, consequently,
the exclusion efficiency (i. e. the proportion of the study population with a nega-
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tive outcome) was less. The clinical utility of the combination for the diagnostic
work-up of patients with suspected pulmonary embolism is thus limited.

Our results for the combination are discordant with those of two earlier stud-
ies in which the SimpliRED test was combined with structured clinical models to
exclude pulmonary embolism (11, 12). These studies demonstrated that the
combined use of these triage tests attained a higher sensitivity than either test
alone. However, the reported pulmonary embolism rates in patients in whom
pulmonary embolism was considered absent (false negatives) were lower (1.0 to
2.7%) than observed in our study (6%). Moreover, the exclusion efficiency was
substantially higher in the other studies (29 to 46%) than in the present cohort._

What are the potential explanations for these discordant results? Firstly, the
reference test in our study was either lung scintigraphy or pulmonary angiogra-
phy, while the two earlier studies used clinical follow-up as a reference test for a
part of their patients (11, 12). We acknowledge that clinical follow-up provides a
useful measure to evaluate the safety of treatment decisions made on basis of the
outcome of diagnostic tests for pulmonary embolism. However, clinical follow-
up may fail to identify smaller pulmonary emboli because of a perceived low ten-
dency for recurrence and immediate mortality when left untreated (19). As pre-
viously described such a differential classification could have led to an overesti-
mation of the sensitivity and negative predictive value of the combination in
these two studies (20). Secondly, the lower prevalence of pulmonary embolism
(17%) in these studies, compared to the present study (31%), could also indicate
that the spectrum of patients included was different. This may provide another
plausible explanation for the discordant results, as the discriminatory perform-
ance of a diagnostic test can vary among patients with a different spectrum of
disease (21, 22). Finally, another possible explanation could be that we used an
intuitive assessment of the clinical pretest probability of pulmonary embolism
instead of structured clinical models. However, we have recently shown that a
physician’s judgment alone and these structured clinical models performed com-
parable in categorizing the pretest probability of pulmonary embolism (14).

Three methodological issues of the present study should be addressed. The
first issue is that a proportion of the patients was not included in the final analy-
sis. This could potentially have introduced selection bias in our results. However,
most of the baseline clinical characteristics of the final study population were
similar to those of the patients who were not analyzed (Table 5.1). The excluded
patients were more often in-patients with consequently more co-morbidity.
Therefore, our study results may be more applicable to out-patients than to in-
patients generally seen with clinically suspected pulmonary embolism. The sec-
ond issue is that the treating physicians were aware that no decisions about treat-
ment were attached to their clinical probability estimates of pulmonary embo-
lism. This could have resulted in less well-considered estimates and thereby a loss
of predictive value of the triage test combination. The final issue is that a formal
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training of the treating physicians in estimating the clinical pretest probability
was not undertaken prior to the start of the study. Moreover, it can not be
excluded that these physicians had a varying experience in the management of
patients with suspected pulmonary embolism. This could have influenced the
accuracy of the probability estimates. However, one can also argue that our study
approaches the clinical reality. Nonetheless, until the true impact of experience
on the accuracy of the probability estimates has been established, one should be
cautious when physicians with less competence on pulmonary embolism esti-
mate the clinical pretest probability.

If we had decided not to treat patients with a negative outcome of the combi-
nation, anticoagulant treatment would still have been inappropriately withheld
in a small, but unacceptable, proportion (6%) of the patients. Moreover, the clin-
ical utility in terms of reducing the need for further diagnostic testing seems lim-
ited due to the low specificity. It is important to notice that the two patients with
pulmonary embolism who were apparently missed by the combination had a rel-
atively short duration of symptoms before they entered the study. This may have
caused false normal D-dimer results in these patients, since the fibrinolytic acti-
vation may not yet have sufficiently increased the D-dimer levels above the cut-
off point for an abnormal test result (23). Although these two patients were
incorrectly assigned a low clinical probability estimate of pulmonary embolism,
their clinical presentation would also have resulted in a low pretest probability
according to the earlier described structured clinical models (11, 12). As the
number of patients with a false negative outcome of the combination was small,
adequate conclusions whether certain patient characteristics are indeed associ-
ated with an increased risk for false negative outcomes could not be drawn. This
warrants further investigations. Eventually, the safety of using the combination to
exclude pulmonary embolism should be evaluated in prospective management
studies with assessment of the thromboembolic risk during a follow-up period.

In conclusion, the combined use of the SimpliRED D-dimer assay and the
clinical probability estimate attains a higher sensitivity than either test alone in
patients suspected of pulmonary embolism. However, there remains a risk of
false negatives and the exclusion efficiency is limited. Further investigations
focusing on the recognition of patients in whom the outcome of a triage test may
be false negative are needed.
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