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Abstract t 

Thee SimpliRED®, a rapid whole blood D-dimer test, is potentially clinically 
usefull  in the diagnostic work-up of patients with suspected pulmonary em-
bolismm (PE). However, studies have reported a wide range in its sensitivity. 
Inn a prospective multi-centre study, we evaluated the diagnostic accuracy of 
thee SimpliRED test in a large cohort of consecutive patients with suspected 
PE.. The sensitivity of the test for the total study population was 80% (95% CI 
74-86),, with a specificity of 62% (95% CI 56-67). Although the study popula-
tionss in the various centres were fully comparable, important centre differ-
encess for the accuracy of the SimpliRED were observed. These results show 
thatt adequate training and monitoring of the technique and interpretation of 
thee test is necessary to attain a high enough sensitivity that is clinically use-
ful.. We further conclude that the SimpliRED D-dimer can not be used as a 
solee test for the exclusion of PE. 
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Introduction n 

Inn recent years it has become increasingly clear that D-dimer assays poten-
tiallyy have an important role in the diagnostic work-up of patients with clini-
callyy suspected pulmonary embolism. Numerous studies have shown that D-
dimerr assays have a high negative predictive value, and hence may be useful 
inn the exclusion of the disease.1 Although there are various techniques for 
performingg a D-dimer assay, only the rapid assays, which can be performed 
withinn a short time frame, are considered to be clinically useful due to the 
acutee nature of the disease. However, before broad implementation of D-
dimerr assays can take place in clinical practice, several important aspects 
needd to be clarified. 
Att present there are as many as 10 different rapid D-dimer assays available 
andd i t remains unclear which of these assays have the best diagnostic accu-
racy.. Not only has a relatively large variation been found in the sensitivity 
andd specificity between the various assays, but also the observations for the 
individuall  assays have not been consistent in the multitude of studies.2 These 
differencess can largely be explained by the use of different cut-off values in 
thee various studies and furthermore by differences in study methodology and 
patientt selection. So far, many of the studies were performed under optimal 
conditionss for the performance of the D-dimer assay, i.e. batch-wise at the 
endd of the study. Furthermore, subgroup analyses may be important in the 
assessmentt of these tests as the diagnostic accuracy of the D-dimer assays 
mayy vary between different categories of patients, such as for example in in-
andd outpatients. A final aspect that requires attention is the determination of 
thee optimal position of the D-dimer assay in conjunction with other diagnos-
ticc procedures in patients with suspected pulmonary embolism. 
Thee SimpliRED test is a rapid whole blood D-dimer assay. The advantage of 
thiss method above others is that it can be performed bed-side, with the result 
beingg known within several minutes, without the need for specialised labora-
toryy equipment. Several studies have shown that the SimpliRED is poten-
tiallyy clinically useful in the diagnostic work-up of patients with suspected 
deep-veinn thrombosis or pulmonary embolism.3'4 Although this test has been 
demonstratedd to have a good to excellent interobserver variability,5 studies 
havee reported a wide range in the sensitivity (50 to 100%).4-6 As the Sim-
pliREDD is a qualitative D-dimer assay, these differences can not be explained 
byy a variation in the cut-off value, as is plausible for the quantitative assays. 
Withinn the framework of a prospective six-centre study, we were able to 
evaluatee the diagnostic accuracy of the SimpliRED test in a large cohort of 
consecutivee patients with clinically suspected pulmonary embolism. The effi-
ciencyy of this test in the exclusion of pulmonary embolism was evaluated in 
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thee entire cohort as well as for both in- and outpatients. In addition, we as-
sessedd the variation in the diagnostic accuracy among the centres. 

Methods s 

Patients Patients 
Thee design of this multi-centre study, which prospectively assessed various 
diagnosticc methods for pulmonary embolism, has been described elsewhere.7 

Briefly,, from May 1997 through March 1998 consecutive in- and outpatients 
presentingg in six Dutch teaching hospitals with clinically suspected pulmo-
naryy embolism were potentially eligible. Patients were excluded if they were 
youngerr than 18 years of age, were pregnant, had an indication for acute 
thrombolyticc therapy, had already undergone objective diagnostic testing for 
venouss thromboembolism, or if there was an expected inability to complete 
thee diagnostic protocol within 48 hours of presentation. The study protocol 
wass approved by the Institutional Review Boards of all centres and informed 
consentt was obtained from all participants. 

DiagnosticDiagnostic investigations 
Ventilation-perfusionn scintigraphy and pulmonary angiography were used for 
thee diagnosis of pulmonary embolism as previously described.7 In short, lung 
scintigraphyy was performed in all patients and pulmonary angiography was 
performedd in those with a non-diagnostic scan result. The diagnosis was re-
jectedd in case of a normal perfusion scan or a normal pulmonary angiogra-
phy,, while the diagnosis was accepted in case of a high-probability 
ventilation-perfusionn scan or an abnormal angiography. 

SimpliREDSimpliRED D-dimer 
Uponn study inclusion, and prior to or within 24 hours of the start of heparin 
therapy,, the rapid whole blood SimpliRED D-dimer test (Agen Biomedical 
Ltd,, Brisbane, Australia) was performed. The test was done with capillary 
bloodd (2x10^1) drawn by fingerstick. The test is abnormal, i.e. agglutination of 
redd cells is observed within two minutes, when the concentration of D-dimer 
fragmentss is 0.20 mg/1 or above. At each centre, the test was performed by a 
limitedd number of investigators who had previously been trained in the in-
terpretationn of the SimpliRED. The test result was recorded without knowl-
edgee of the outcome of other diagnostic tests. 

StatisticalStatistical analysis 
Thee analysis was limited to patients in whom a definite diagnosis regarding 
thee presence or absence of pulmonary embolism was reached. Diagnostic ac-
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curacyy indices of the SimpliRED D-dimer test were calculated for the total 
patientt group and for in- and out-patients separately. Furthermore, these in-
dicess were calculated for the six centres separately. In addition, the exclusion 
efficiency,, defined as the proportion of all included patients with a normal 
testt result, was calculated. The 95% confidence intervals of the indices were 
calculatedd using statistical software (CIA). The sensitivity and specificity 
withinn the various sub-groups were compared using the Chi-square test and 
Fisherr exact tests were used when necessary. 

Results s 

Patients Patients 
AA total of 1162 patients with clinically suspected pulmonary embolism were 
screened,, of whom 179 (15%) were excluded due to the presence of one of the 
predefinedd criteria. Of the 983 patients who were eligible for inclusion in the 
study,, 627 (64%) gave informed consent. A final diagnosis was not reached in 
1100 of these patients because of withdrawal of informed consent, clear evi-
dencee for an alternative diagnosis for the presenting symptoms or technical 
failure.. In 20 other patients the SimpliRED test was not performed due to 
logisticc reasons. The study population therefore consisted of 497 patients of 
whomm the baseline clinical characteristics are shown in Table 1. 

Diagnosis Diagnosis 
Off  the 497 study patients, 154 (31%) were classified as having pulmonary 
embolism.. Of these 154 patients, 37 had an abnormal pulmonary angiogram 
andd 117 had a high-probability ventilation-perfusion scan. The diagnosis of 
pulmonaryy embolism was rejected in the remaining patients on the basis of a 
normall  pulmonary angiogram (136 patients) or a normal perfusion scan (207 
patients). . 

D-dimerD-dimer test 
Thee diagnostic accuracy indices of the SimpliRED test for the total group as 
welll  as for the in- and outpatients separately are shown in Table 2. The sen-
sitivityy of the test for the total study population with suspected pulmonary 
embolismm was 80% (95% CI 74-86), with a specificity of 62% (95% CI 56-67). 
Thee exclusion efficiency of the test in the total study population, i.e. the pro-
portionn of patients with a normal test result, was 49% (95% CI 44-53). 
Thee test performance was different in in-patients as compared to out-
patients,, with a higher sensitivity (p=0.08) and a lower specificity (p<0.01) in 
thee former group. Although the negative predictive values in the sub-groups 
weree comparable to each other and to the total group, the exclusion efficiency 
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Tablee 1. Baseline clinical characteristics of the 497 patients with clinically 

suspectedd pulmonary embolism. 

Male e 

Meann age, years (SD) 

Out-pat ients s 

Mediann duration of symptoms, 

dayss (quartiles) 

Previouss VTE1 

Familyy history of VTE 

Risk-period2 2 

Activee malignancy 

Symptomss of concurrent DVT3 

Studyy patients 

(n n 

206 6 

51 1 

402 2 

3 3 

72 2 

101 1 

188 8 

49 9 

35 5 

=497) ) 

(41%) ) 

(18) ) 

(81%) ) 

(1,10) ) 

(14%) ) 

(20%) ) 

(38%) ) 

(10%) ) 

(7%) ) 

11 venous thromboembolism 

22 period of immobilization, surgery or trauma in period of 3 months before presentation 

33 deep-vein thrombosis 

Tablee 2. Diagnostic accuracy indices of the SimpliRED D-dimer test for the 

totall  study population and for in- and out-patients separately. 

Total l 

In-patients s 

Out-patients s 

Prevalence e 

PE E 

(%) ) 

154/497 7 

(31%) ) 

39/95 5 

(41%) ) 

115/402 2 

(29%) ) 

Sensitivity y 

(95%% CI) 

80% % 

(74-86) ) 

90% % 

(76-97) ) 

77% % 

(69-84) ) 

Specificity y 

(95%% CI) 

62% % 

(56-67) ) 

39% % 

(27-53) ) 

66% % 

(60-71) ) 

NPV V 

(95%% CI) 

87% % 

(83-91) ) 

85% % 

(65-96) ) 

88% % 

(83-92) ) 

Exclusion n 

efficiency y 

(95%% CI) 

49% % 

(44-53) ) 

27% % 

(19-38) ) 

54% % 

(49-59) ) 

PEE = Pulmonary embolism NPVV = Negative predictive value 
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inn in-patients was 27% (95% CI 19-38) as compared to 54% (95% CI 49-59) in 

out-patients. . 
Interestingly,, although the study populations in the various centres were 
comparablee with regard to clinical characteristics at entry, comorbidity and 
prevalencee of pulmonary embolism, statistically significant and clinically im-
portantt centre differences for the accuracy of the SimpliRED D-dimer were 
observed.. The sensitivity of the test varied in the 6 centres between 96% and 
43%% (p<0.01), while the specificity varied between 80% and 39% (p<0.01). 
Thee sensitivities and specificities in the centres were inversely correlated 
withh each other. The results for the individual centres and the overall esti-
matee are shown in Figure 1. 

Figuree 1. Sensitivities and specificities of the SimpliRED test in the 6 centres 
andd for the total study population. 

100"! ! 

80<5 5 

ft ft 
3 3 
en n 

60^ ^ 

40% % 

20' ' 

0% % 

O O 

 Center estimates 

OO Overall estimate 

100% % 80<; ; 60%% 40% 

Specificity y 

20<; ; 
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Discussion n 

Thee results of this prospective multi-centre study in a large series of consecu-
tivee patients with clinically suspected pulmonary embolism show a sensitiv-
ityy of 80% and a specificity of 62% for the SimpliRED D-dimer test. However, 
wee observed a significant and important variation among centres. The exclu-
sionn efficiency, i.e. the proportion of patients with a normal test result, in 
whomm therefore pulmonary embolism might be considered as excluded was 
approximatelyy 50%. This indicates that the SimpliRED has potential clinical 
utility ,, albeit that when used as the sole method 10 to 15% of patients may 
actuallyy have pulmonary embolism. This implies that this assay needs to be 
combinedd with other diagnostic procedures such as for example clinical prob-
abilityy estimates or clinical models to safely exclude pulmonary embolism. Of 
interestt is that in the out-patient group the exclusion efficiency was signifi-
cantlyy higher than in the in-patients. 

Thee variation in the diagnostic accuracy, which we found between the six 
centres,, is comparable to the variation reported in the literature. The sensi-
tivitiess found in these earlier studies for the SimpliRED for deep-vein throm-
bosiss or pulmonary embolism range from 50% to 100%.4>6 What are the 
potentiall  explanations for, and implications of this variation? While the dif-
ferencess between earlier studies could potentially be caused by differences in 
studyy population, it is unlikely that this is the cause of the variation found in 
thee present study. The baseline clinical characteristics, comorbidity of the pa-
tientss and the prevalence of the disease in the six centres were fully compa-
rable. . 

Therefore,, the most probable cause of the observed differences between the 
centress is a variation in the interpretation of the test. The inverse relation-
shipp we observed between the sensitivity and specificity as plotted in Figure 
1,, resulting in a Receiver Operating Characteristic (ROC)-like distribution, 
supportss the concept of the application of different subjective thresholds. In 
ourr study the test was performed in all centres by a number of investigators, 
albeitt limited. Despite the fact that these investigators were trained in the 
techniquee and interpretation of the test, there apparently remains a substan-
tiall  degree of subjectivity in designating a test as normal or abnormal. This is 
mostt likely due to a different interpretation of the so-called 'trace positives', 
whichh is dependant on the experience of the investigator. I t is known that if 
thesee 'trace positive' results are not considered as abnormal, the sensitivity 
wil ll  be negatively effected. 

Whatt are the implications of this observed variation? It seems that if the 
SimpliREDD test is performed and interpreted by a limited number of experi-
encedd personnel, for example in the setting of a diagnostic facility, it is a 
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valuablee tool in the exclusion of pulmonary embolism. However, when it is 
appliedd in a less controlled setting in which many persons perform the test 
infrequently,, the sensitivity may become unacceptably low. 
Twoo methodological aspects of our study require comment. Firstly, a large 
proportionn of screened patients was excluded from the study. This could po-
tentiallyy introduce a selection bias in our study. However, we do not believe 
thiss is the case, as the 497 study patients were fully comparable with regard 
too baseline clinical characteristics and the prevalence of pulmonary embo-
lism,, to the 627 initiall y included patients and also similar to previous stud-
ies.. Secondly, we have earlier reported much higher sensitivities for the 
SimpliREDD D-dimer for venous thromboembolism. This nicely illustrates that 
whenn the test is performed in a real clinical situation, rather than in a re-
searchh setting, the sensitivity may decrease, a phenomenon that is generally 
truee for all diagnostic tests.8 

Inn conclusion, the SimpliRED D-dimer test is potentially clinically useful in 
thee diagnostic work-up of patients with suspected pulmonary embolism. 
However,, it can not be used as a sole test for the exclusion of the disease, due 
too its relatively low negative predictive value. For the safe exclusion of the 
disease,, it is necessary to combine this test with other diagnostic methods 
suchh as clinical probability estimates or clinical decision rules. The observed 
centree differences in this study show that adequate training and monitoring 
off  the technique and interpretation of the test is necessary to attain a high 
enoughh sensitivity that is clinically useful. 
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