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Abstract t 

Objectivee tests are necessary for the diagnosis of pulmonary embolism. How-
ever,, these are expensive and not readily available. D-dimer assays have 
beenn suggested as useful tests for the exclusion of the diagnosis. The objec-
tivee of this study was to investigate the diagnostic accuracy of various quan-
titativee D-dimers in patients with suspected pulmonary embolism and the 
influencee of embolus size on accuracy. Plasma D-dimer levels were measured 
usingg three commercially available assays (Tinaquant®, Vidas® and IL-
test®).. A strict protocol with ventilation-perfusion scintigraphy, pulmonary 
angiographyy and spiral CT was used to arrive at a final diagnosis. The study 
wass performed within the setting of a multicenter study in six Dutch referral 
centres. . 

Diagnosticc accuracy indices were calculated and receiver operated charac-
teristicss (ROC) analysis was performed for the D-dimer assays. Furthermore, 
thee influence of embolus size on the diagnostic accuracy was evaluated. The 
studyy population consisted of 319 consecutive in- and outpatients with clini-
callyy suspected pulmonary embolism. Using the manufacturers advised cut-
offf  values, the sensitivity and specificity were 89 and 52 % (Vidas), 82 and 63 
%% (Tinaquant), and 73 and 73 % (IL-test), respectively. Although these differ-
encess were statistically significant, no differences were found between the 
testss using ROC-analysis. There was a significant correlation between 
plasmaa D-dimer concentration and embolus size. Al l three assays showed 
significantlyy greater accuracy in excluding segmental or larger emboli than 
sub-segmentall  emboli. In conclusion, all three quantitative D-dimer tests 
showw an identical, but disappointing diagnostic accuracy. To safely exclude 
pulmonaryy embolism, D-dimer assays should be combined with other diag-
nosticc tests. The accuracy of the D-dimer assays is largely dependent on em-
boluss size. 

130 0 



QuantitativeQuantitative D-dimer assays in suspected PE 

Introductio n n 

Sincee the diagnosis of pulmonary embolism (PE) cannot be based on clinical 
groundss alone, objective diagnostic tests are essential to establish a definitive 
diagnosis.1"44 While lung perfusion scintigraphy is sensitive and non-invasive, 
i tt is nonspecific.5 In conjunction with ventilation scintigraphy, it yields a 
high-probabilityy result for PE in only 15-20% of cases and a non-diagnostic 
resultt remains in 40-60% of all patients.5-6 These patients need additional di-
agnosticc tests, such as pulmonary angiography. Pulmonary angiography can 
providee a definitive diagnosis, but is rarely used due to concerns about the 
riskk of complications.7-8 Furthermore, patient management is difficul t at a 
time-pointt when neither lung ventilation-perfusion (VQ) scintigraphy nor 
pulmonaryy angiography are available. Patients are then often admitted to 
hospitall  and treated with heparin until these tests can be done. This results 
inn unnecessary exposure to anticoagulants and is cost-ineffective since PE is 
foundd in only one third of patients.8 

Ann ideal diagnostic test would need to be rapid, inexpensive and simple and, 
inn order to select patients safely in whom further testing is unnecessary, its 
sensitivityy should approach 100%. An attractive candidate could be the 
measurementt of D-dimer, a specific degradation product of cross-linked fibrin 
thatt is formed by the endogenous fibrinolytic system. The level of D-dimer in 
plasmaa is almost always increased in patients with acute PE or DVT. Thus, it 
hass been suggested that a normal level of D-dimer measured with an en-
zyme-linkedd immunosorbent assay (ELISA) may accurately exclude PE.910 

Althoughh promising results have been reported, D-dimer assays have not yet 
gainedd wide acceptance as an established test for the diagnosis of PE due to 
severall  reasons.11 Classic ELISA based assays are time-consuming, labour-
intensivee and therefore not routinely available. While many studies have in-
vestigatedd the value of rapid D-dimer assays in the diagnosis of deep venous 
thrombosiss (DVT) or in a combination of DVT and PE,1217 few studies have 
evaluatedd D-dimer assays in large groups of patients with clinically sus-
pectedd PE alone.141823 Most importantly, no previous study has investigated 
thee accuracy of fast latex- or immunofiltration based quantitative D-dimer 
assayss in comparison with a gold standard in an adequate sample of consecu-
tivee in- and outpatients with clinically suspected PE. 

Wee compared the sensitivity and specificity of three rapid quantitative D-
dimerr assays in a consecutive series of patients with clinically suspected PE, 
usingg a predefined objective 'gold standard'. In addition, the influence of em-
bolus-sizee on the diagnostic performance of these tests was determined using 
assessmentss of the largest involved pulmonary artery branch on spiral com-
puterr tomography (CT) scan and/or pulmonary angiography. Finally, we 
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evaluatedd whether the accuracy of D-dimer assay differs between inpatients 
andd outpatients. 

Methods s 

Patients Patients 
Thiss study was conducted from June 1997 through March 1998 as part of a 
largee multicenter study in six Dutch hospitals. Al l consecutive in- and outpa-
tientss with clinically suspected PE were eligible. Patients who had already 
undergonee objective diagnostic examinations for their current symptoms 
weree excluded, as were patients in whom the diagnostic work-up could not be 
initiatedd within 24 hours. Further exclusion criteria were pregnancy, age less 
thann 18 years and the immediate need for thrombolytic therapy. The study 
wass approved by the Institutional Review Boards of all participating centres 
andd informed consent was obtained from all patients. 

DiagnosticDiagnostic work-up 
Al ll  patients underwent bilateral ultrasonography of the leg veins and de-
tailedd information on symptoms and co-morbidity was recorded in a stan-
dardisedd clinical record form. Patients then underwent perfusion 
scintigraphy.. A normal perfusion scintigram excluded PE, and no further ex-
aminationss were performed. Ventilation scintigraphy and a spiral CT scan 
followedd an abnormal perfusion result. Ventilation-perfusion results were 
classifiedd as high probability for pulmonary embolism (defined as one or more 
segmentall  perfusion defects with locally normal ventilation) or non-
diagnostic.244 Pulmonary angiography was performed in patients with a non-
diagnosticc VQ-scan and in patients with a high-probability VQ-scan and a 
normall  CT scan. The maximum time span between examinations was 24 
hours.. Al l diagnostic tests were interpreted independently and without 
knowledgee of the clinical status of the patient by a panel of experts. 
Thee final diagnosis of PE was thus established by a high-probability VQ scan 
andd associated concurrent abnormal CT scan or by an abnormal pulmonary 
angiogram.. PE was excluded on the basis of a normal perfusion scan or a 
normall  pulmonary angiogram. To ascertain the largest involved branch of 
thee pulmonary artery, CT scans and pulmonary angiograms of patients with 
thee final diagnosis PE were reviewed by three experienced radiologists. Pa-
tientss were categorised according to the largest pulmonary vessel in which 
PEE was visible: central (main pulmonary trunk, left or right pulmonary ar-
tery,, lobar artery), segmental or sub-segmental artery. 

Forr lung perfusion scintigrams Technetium-99m macro-aggregated albumin 
particless were used and images were obtained from six directions. When per-
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fusionn defects were observed, ventilation scintigraphy was performed using 
Krypton-81mm gas. Pulmonary angiography was performed using a digital 
subtractionn technique, with a catheter positioned selectively in the left and 
rightt pulmonary artery. The complete runs were scored on the viewing sta-
tion.. Spiral CT angiography was performed during a 32 seconds single breath 
hold.. If patients were very dyspneic, scanning was performed during shallow 
breathing.. Each scan was scored on a viewing station. 

PlasmaPlasma collection and D-dimer assays 
Priorr to or within 24 hours after the start of heparin therapy, venous blood 
wass drawn using standard 4.5-ml citrate Vacutainer® tubes (Becton Dickin-
son,, Franklin Lakes NJ, United States). These were centrifugated at 4° Cel-
siuss for 15 minutes at 2500 G. Plasma was then aliquoted into Sarsted 2 ml. 
tubes,, snapfrozen and stored at -80° Celcius. Quantitative D-dimer meas-
urementss were performed on samples, which had been thawed only once, 
usingg the Tinaquant assay (Boehringer Mannheim GmbH, Mannheim, Ger-
many),, Vidas assay (bioMérieux SA, Marcy-l'Etoile, France) and IL-test D-
dimerr assay (Instrumentation Laboratory, Barcelona, Spain), according to 
thee manufacturer's instructions. 
Tinaquantt D-dimer, an immunoturbidimetric assay for quantitative in vitro 
determinationn of fibrin degradation products (D-dimer and X-Oligomers) was 
carriedd out on a Hitachi system. The manufacturers advised cut-off value for 
thee Tinaquant assay is 0.5 ug/ml. Vidas D-dimer assay is a fast quantitative 
ELISAA method automated on a Vidas immunoanalyzer. D-dimer concentra-
tionss higher than 1000 ng/ml were obtained after manual dilution (1/10) of 
thee sample. The manufacturer's advised cut-off value is 500 ng/ml. The IL -
testt is an automated latex enhanced immunoturbidimetric assay for the 
quantitativee determination of D-dimer in plasma on IL Coagulation Systems 
(Instrumentationn Laboratory, Barcelona, Spain). The manufacturers advised 
cut-offf  value is 255 ng/ml. 

Too avoid possible bias, technicians were not aware of patient identity and 
otherr test results. The results of the D-dimer measurements were not made 
knownn to the interpreters of the different diagnostic tests in this study. 

Statistics Statistics 
Thee sensitivity and specificity of the D-dimer assays were calculated using 
thee cut-off value advised by the respective manufacturers and the gold stan-
dardd diagnosis. 
Receiverr operated characteristics (ROC) analysis was used to evaluate the 
accuracyy of the D-dimer assays irrespective of the manufacturer supplied cut-
offf  value. The area under the ROC-curve (AUC) was used as an objective 
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measuree for the performance of the test irrespective of the cut-off value. 
ROC-analysiss was performed using the ROCKIT-software package (C.E. 
Metz,, Chicago, United States). The cut-off values to obtain a sensitivity of 
95%% were then calculated. 
ROCC analyses were performed to ascertain the accuracy of the D-dimer as-
sayss for sub-segmental PE and for segmental or larger PE and to ascertain 
thee accuracy of D-dimer assays for inpatients and outpatients separately. 

Resul ts s 

Patients Patients 

Duringg the course of this study, 807 consecutive patients with clinically sus-
pectedd PE were referred to the study centres. By applying the predefined ex-
clusionn criteria, 677 patients were eligible for inclusion in this study (Table 
1).. Informed consent was obtained from 440 of the 677 patients (65.0%). In 70 
off  the 440 patients no final diagnosis could be made according to our strict 
studyy criteria (Table 1). Plasma was obtained and processed adequately in 
3199 of the remaining 370 patients. The Tinaquant, Vidas and IL-assay were 
performedd in 313, 289 and 249 samples, respectively. 

Tablee 1. Consecutive patients screened for the ANTELOPE-Study. 

Patientss screened 807 

Excludedd Age < 18 years 11 

Pregnancyy 7 

Indicationn for immediate thrombolytic therapy 4 

Objectivee diagnostic work-up already started 24 

Elsewhere e 

Logisticc or technical reasons (weekend, holidays) 84 

Eligiblee patients 677 

Informedd consent 440 

Diagnosiss according to study protocol 370 

Numberr of patients in which plasma was obtained 319 
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Thee mean age of the study population was 50.0 years (SD 18.0 years) and 189 
(59%)) of the 319 patients were female. Of the 319 patients, 256 (80%) were 
initiall yy seen on outpatient basis; the remaining 63 (19.7%) were inpatients 
andd had developed symptoms of PE during their stay. There were no differ-
encess in clinical characteristics between included and excluded patients. 

D-dimerD-dimer assays 
Usingg the manufacturers advised cut-off values, sensitivity and specificity for 
PEE diagnosis were 82% and 63% (Tinaquant), 89% and 52% (Vidas) and 73% 
andd 73% (IL-test) respectively. The differences in sensitivity and specificity 
betweenn the D-dimer assays were statistically significant (Chi2-test, P< .001) 
(Tablee 2). However, ROC-analysis showed almost identical curves for the 
threee assays (Figure 1). Consequently, the area under the ROC curve (AUC), 
aa value for the accuracy of a test irrespective of the cut-off value, did not dif-
ferr significantly between these assays (AUC 0.79 for Tinaquant, AUC 0.79 for 
Vidass and AUC 0.78 for IL-test, Area test). Thus, the intrinsic capability of 
thesee three assays to exclude PE proved to be similar and was critically de-
pendentt on the chosen cut-off value. I t could be argued that, in order for D-
dimerr assays to safely replace perfusion scintigraphy as an initial test, a sen-
sitivityy of at least 95% is obligatory. Using ROC-analysis on our data, the 
cut-offf  value to obtain a sensitivity of 95 % should be 0.15 ug/ml for Tinaq-
uant,, 250 ng/mL for Vidas and 135 ng/ml for IL-test. With these cut-off val-
ues,, the corresponding specificities then drop to 19% for Tinaquant, 29% for 
Vidass and 23% for the IL-test. If the sensitivity had been set at higher values 
thann 95%, corresponding specificities would have been even lower. 

Tablee 2. Accuracy values of D-dimer assays using the manufacturer's advised 

cut-offf  values. 

Assayy (cut-off value) Sensitivity Specificity NPV PPV 

Tinaquant®® 82% (81/99) 63% (135/214) 88% (135/153) 51% (81/160) 

(0.55 ug/mL) 
Vidas®® 89% (80/90) 52% (103/199) 91% (103/113) 45% (80/176) 

(5000 ng/mL) 
IL-test®® 73% (55/75) 73% (127/174) 86% (127/147) 54% (55 /102) 

(2555 ng/mL) _ __ 
NPVV = Negative Predictive Value 
PPVV = Positive Predictive Value 
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Figuree 1. ROC-curves of D-dimer assays in total patient population. 
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InfluenceInfluence of embolus size on assay performance 
Thee analysis of the results of the D-dimer assays in subgroups of patients are 
basedd on ROC curves and AUC rather than on sensitivities and specificities 
derivedd from arbitrary cut-off values. Figure 2 depicts the mean D-dimer con-
centrationn measured in subgroups categorised according to the largest in-
volvedd pulmonary artery branch. The mean concentration of plasma D-dimer 
measuredd with Tinaquant and Vidas was shown to increase almost exponen-
tiallyy in accordance with the size of the largest embolus present; this was less 
apparentt with the IL-test. 
Thee influence of embolus size on the accuracy of the D-dimer assays is shown 
inn figure 3, which shows the ROC-curves of the assays in patients with PE in 
aa segmental or larger artery (Tinaquant AUC=0.80, Vidas AUC=0.81 and IL-
testt AUC=0.77). Both Vidas and Tinaquant performed significantly better 
thann IL-test, Area-test P=0.01, while there was no significant difference in 
performancee between Vidas and Tinaquant. In patients with PE in a solitary 
sub-segmentall  artery (Tinaquant AUC=0.54, Vidas AUC=0.51 and IL-test 
AUC=0.58)) there were no significant differences. 

Figuree 2. Mean concentration of D-dimer stratified according to largest in-
volvedd pulmonary artery. 

0) ) 
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Largestt pulmonary vessel in\olved 
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Figuree 3. ROC-curves of D-dimer assays showing the influence of embolus 
sizee on the accuracy. 
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InfluenceInfluence of patient referral on assay performance 
Whenn the study population was divided into in-patients and out-patients and 
ROC-analysess were performed in these subgroups (shown in figure 4), no 
significantt differences in the accuracy of these assays were found, although 
theree was a trend to a higher accuracy in outpatients for all assays: Tinaq-
uantt AUCin-Patients=0.69 and AUCout-patient^O.79, Area-test, P=0.19; Vidas AU-
Cin-Patient8=0.711 and AUCOut-Patiente=0.80, Area-test, P=0.24; IL-test AUCm-

Patients=0.688 and AUCout-patients=0.78, Area-test, P=0.26. As shown in figure 4, 
inn the relevant range of cut-off values where sensitivity is greater than 80%, 
differencess between assays were negligible. 

Discussion n 

Thiss study, using well-defined criteria for PE, has revealed several important 
issuess with respect to D-dimer testing in patients with PE. Using the cut-off 
valuess chosen by the manufacturer, sensitivities ranged from 73% to 89% for 
thee three widely advocated quantitative D-dimer assays, with corresponding 
negativee predictive values of 86% to 91%. In our view these sensitivities, 
whichh are well below those reported for perfusion-scintigraphy and pulmo-
naryy angiography, make D-dimer tests unsuitable for use as a sole test to ex-
cludee PE. If the sensitivities of these assays were set at 95%, the 
correspondingg specificities would drop to low values, ranging from 19% to 
23%.. This would significantly limi t the clinical utilit y of these tests, since 
thenn only a small proportion of patients can be spared further invasive test-
ing. . 
Thee only study that has studied a D-dimer test in a large group of patients 
versuss pulmonary angiography is well in agreement with our findings with a 
reportedd sensitivity and specificity of 93% (95% confidence limit s 82 to 99%) 
andd 25% (95% CI 18 to 33%).9 Our results are in contrast with those of an 
earlierr study with respect to the Vidas D-dimer assay. De Moerloose et al 
evaluatedd the Vidas D-dimer test in 195 patients with clinically suspected PE 
andd found a sensitivity and specificity of 100 and 38% respectively.18 These 
valuess for sensitivity and specificity can not be fitted on the ROC curve for 
thee Vidas D-dimer assay derived from our study. A possible explanation for 
thiss discrepancy might be found in a different outcome definition. In their 
studyy the diagnosis of PE was rejected based on a normal perfusion scan or 
thee combination of a low clinical probability and a negative D-dimer result. It 
iss possible that small emboli, which were diagnosed in our study, might have 
beenn missed in their study, which could have resulted in an overestimation of 
thee sensitivity of the Vidas D-dimer assay. 
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Figuree 4. ROC-curves of D-dimer assays showing the influence of in- versus 
out-patientt status on the accuracy. 
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Indeed,, this possible explanation for the observed differences in sensitivity 
seemss to be confirmed by this study in which we compared the size of the 
emboluss with both the levels of D-dimer and the accuracy of the three assays. 
Thee 'largest pulmonary vessel involved' correlates well with the plasma D-
dimerr concentration and is thus related to total thrombus-load. We found 
goodd to excellent accuracy of all three D-dimer assays for segmental-sized 
andd larger PE. The accuracy for smaller emboli, however, was shown to be 
lesss than satisfactory and sub-segmental emboli were easily missed by all 
threee assays at all acceptable cut-off values. I t should be noted that in our 
seriess a 19% prevalence of sub-segmental PE was observed, which is well in 
thee range found in previous studies (6% to 30%).25>26 The clinical relevance of 
suchh small sub-segmental emboli is not yet firmly established. 
Thiss study consisted of a strict diagnostic protocol in a wide spectrum of con-
secutivee patients with independent blinded adjudication. While the rigid pro-
tocoll  reduced the number of patients in which a final diagnosis could be 
established,, it did not lead to differences in clinical characteristics, such as 
age,, sex and co-morbidity, between included and excluded patients. Further-
more,, the clinical characteristics of the included patients and the prevalence 
off  PE are both comparable to those found in other studies. 
Wee found no difference in accuracy of the three tested D-dimer assays, when 
appliedd in out-patients and in-patients. There was a trend towards higher ac-
curacyy in out-patients. However, these differences were negligible in the 
rangee of relevant cut-off values. The observed sensitivities and specificities of 
thee tested D-dimer assays appear to be valid in all patients with clinically 
suspectedd PE and should not be limited to out-patients only. 
Wee conclude that none of these quantitative D-dimer assays is suitable as a 
solee test to exclude PE at the manufacturers advised cut-off values and that 
thee diagnostic accuracy is comparable between all assays. ROC-analysis fur-
therr demonstrates that, in order to achieve a high sensitivity of more than 
95%% for all PE, specificity would drop to an impractical low level of around 
20%% for all three assays. As an alternative initial diagnostic approach, a D-
dimerr assay might be combined with assessment of clinical probability for 
thee exclusion of PE. It is, however, essential that prospective studies wil l con-
firmfirm the safety of such an approach. 
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