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Summary y 

Background:Background: To simplify the diagnostic strategy of patients suspected for venous 

thromboembolism,, the use of D-dimer tests has been advocated. Very important for 

thee safety of such diagnostic strategies would be the capacity to recognise false 

normall D-dimer results, in order to prevent inadequately withholding anticoagulant 

treatmentt in patients who actually have the disease. Insight in the causes of false 

normall D-dimer results would therefore be necessary. We hypothesised that certain 

patientt characteristics are associated with relatively low plasma D-dimer levels and, 

therefore,, could increase the risk of false normal results. 

Methods:Methods: Consecutive patients with an objectively confirmed venous 

thromboembolicc event and an independently obtained false normal SimpliRED D-

dimerr test result were included in the study. For each patient, two controls with 

objectivelyy confirmed venous thromboembolism and an adequate abnormal D-dimer 

resultt were selected. Baseline patient characteristics, obtained by standardised 

questionnaires,, were compared between the two groups of patients. 

Results:Results: In total, 686 patients had a venous thromboembolic event and 47 of 

thesee patients had a false normal SimpliRED result. Therefore, the overall sensitivity 

off the SimpliRED test for venous thromboembolism was 93% (95% CI: 92 to 95%). 

Althoughh the prevalence of certain clinical characteristics was significantly higher in 

patientss with a false normal D-dimer result than in the controls (odds ratios for 

(LMW)heparinn treatment and symptoms lasting more than 10 days: 5.1 (95% CI: 1.5-

18.7)) and 3.2 (95% CI: 1.4-7.4), respectively), the prevalence of these characteristics 

wass also high in the control group with an adequate abnormal D-dimer. Combining 

twoo or more of these characteristics had a low prevalence and did not further 

improvee the ability to identify those patients with a false normal D-dimer test at 

presentation. . 

Conclusions:Conclusions: Although these findings clearly indicate an association between 

certainn baseline clinical characteristics and the occurrence of a false normal 

SimpliREDD test, the clinical utility for these characteristics is limited. 
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Introduction n 

Although,, in recent years, the diagnostic approach has been significantly 

optimizedd for patients presenting with either suspected deep vein thrombosis or 

pulmonaryy embolism, one of the major remaining problems is the requirement for 

seriall testing in large groups of patients, whereas these serial tests will convert to 

abnormall in only a small fraction. D-dimer assays have been advocated to reduce 

thee need for serial or more invasive testing (1-3). A necessity for a successful 

implementationn of the D-dimer assay in clinical practice is a sufficiently high negative 

predictivee value, in order to enable a safe exclusion of venous thromboembolism. 

Onee of the most convenient D-dimer methods used today is the SimpliRED D-dimer 

assay,, because it is a whole blood test which can be performed bedside and 

becausee the result is available in less than 5 minutes. However, as for virtually all D-

dimerr assays, the sensitivity and thus the negative predictive value varies among the 

reportedd studies and is in the majority of investigations below 100% (4,5). Since this 

mayy jeopardize the reliability of excluding venous thromboembolism on the basis of 

aa normal test result, it would be desirable if the treating physician would be able to 

identify,, at presentation, those patients at high risk for a false normal D-dimer test 

result.. One of the clear cut reasons for a false normal result may be the fact that the 

D-dimerr concentration is too low for the cut-off value to be reached. Some patient 

characteristics,, such as long duration of symptoms or the use of anticoagulant 

therapy,, are known to be associated with lower D-dimer levels (6,7). We, therefore, 

hypothesizedd that these and most likely also other patient characteristics may be 

associatedd with a false normal D-dimer test result. To investigate this, we performed 

aa case-control study in which we compared base-line clinical characteristics of 

patientss with a false normal D-dimer test result to those characteristics of patients 

withh an adequate abnormal D-dimer result. 

Methods s 

Consecutivee patients over 18 years of age referred for diagnostic work-up 

becausee of suspected venous thromboembolism were eligible for the study. Patients 

weree recruited at the thrombosis units of one of the following six participating 

hospitals:: i.e. Academic Medical Center, Amsterdam, St. Lucas-Andreas Hospital. 

Amsterdam,, St. Elisabeth Hospital, Tilburg, Sophia Hospital, Zwolle, all in the 
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Netherlands,, as well as Medicina Interna et Oncologia Medica, University of Pavia or 

Clinicaa Medica II, University Hospital of Padua, both in Italy. 

Patientss who were treated with full dose anticoagulant therapy for more than 24 

hourss and patients suspected for recurrent deep vein thrombosis in the same leg 

withoutt ultrasonographic information about the extent of residual thrombosis were 

excluded.. All consenting patients underwent a SimpliRED D-Dimer test and the 

referencee diagnostic method; these were performed and interpreted independently 

fromm each other. 

Thee reference diagnostic method for patients with suspected deep vein 

thrombosiss was compression ultrasonography or venography if the ultrasound of the 

legss was inconclusive. B-mode grey-scale compression ultrasonography of the legs 

wass performed as described earlier (8,9). Briefly, of the symptomatic leg only the 

commonn femoral vein in the groin and the popliteal vein from the mid-popliteal fossa 

untill the trifurcation of the calf veins were examined. The calf veins were not 

investigated.. Ultrasound findings were scored as normal if both vein segments were 

fullyy compressible and abnormal when at least one of the veins contained a 

noncompressiblee segment. 

Thee reference diagnostic method for patients with suspected pulmonary embolism 

wass ventilation-perfusion lung scanning or angiography. Perfusion lung scintigraphy 

wass performed with 100 MBq of 99mTechnetium-labeled macroaggregates of albumin. 

Ventilationn lung scintigraphy was performed simultaneously, using 81mKrypton gas. 

Routinelyy six views were obtained (anterior, posterior, left and right lateral and left 

andd right oblique). The results were classified as normal, non-diagnostic or high 

probability,, according to the criteria described by Hull et al. (10). Pulmonary 

angiographyy was performed to prove or exclude pulmonary embolism in those 

patientss in whom a non-diagnostic lung scan result was obtained (11). The 

angiographyy was performed and interpreted according to van Beek et al. (12). 

Pulmonaryy embolism was considered to be present if the ventilation-perfusion scan 

wass high probability or the angiogram was abnormal, whereas the disease was 

refutedd by a normal lung scan or angiogram result. 

Thee SimpliRED D-dimer assay (AGEN Biomedical Ltd., Brisbane Australia) is an 

autologouss red cell agglutination assay. The active agent is a chemical conjugate of 

aa monoclonal antibody specific to human D-dimer (DD-3B6/22) linked to a 
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monoclonall antibody, which binds to the surface of human red blood cells (RAT-

1C3/86).. The test is performed on capillary blood drawn by a fingerstick or on 

citratedd venous blood. The conjugate will coat the red blood cells but will not cause 

agglutinationn in samples with normal levels of D-dimer, i.e. levels below 200 ug/ml. 

Thee test result is positive if agglutination of red bloodcells is observed within two 

minutess (13). 

Baselinee clinical characteristics were obtained by standard questionnaires and 

collectedd information included age, sex, duration of symptoms before presentation 

andd whether and how long anticoagulant therapy was instituted before testing. In 

addition,, the thrombus load was determined by measuring the extension of deep 

veinn thrombi with the use of compression ultrasonography and /or venography in 

patientss with deep vein thrombosis and by measuring the extent of defects seen on 

ventilation-perfusionn lung scanning or angiography in patients with pulmonary 

embolism.. The thrombus load was considered small if only the distal part of the 

popliteall vein contained thrombus, whereas the rest of the venous system was fully 

compressiblee in patients with symptoms of the leg alone. In patients with symptoms 

off the lungs the thrombus load was considered small if only one subsegmental 

perfusionn defect was seen and if the patients had no leg symptoms or the ultrasound 

examinationn of the legs was normal. 

Casess were defined as patients presenting with clinically suspected venous 

thromboembolismm who had a normal SimpliRED result at presentation, but in whom 

deepp vein thrombosis and / or pulmonary embolism were unequivocally present as 

demonstratedd by objective testing. For each case two controls with an abnormal D-

dimerr and documented venous thromboembolism were identified. They were 

matchedd for hospital, inclusion period and site of thrombosis (i.e. if the patient was 

suspectedd for pulmonary embolism or deep vein thrombosis). 

Oddss ratios for the clinical characteristics and combinations thereof were 

calculatedd between the two study groups. In addition, the relation between thrombus 

sizee and a false normal SimpliRED D-dimer were assessed. 
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Results s 

AA total of 2761 consecutive patients suspected for venous thromboembolism were 

referredd for diagnostic testing to the six participating hospitals. Of these, 2067 

patientss had symptoms suggestive of deep leg vein thrombosis and 694 were 

suspectedd for pulmonary embolism. Of the patients with suspected pulmonary 

embolism,, 466 (67%) presented as outpatients, while this percentage was 97 in 

thosee with leg symptoms. 

Thee diagnosis of deep vein thrombosis was confirmed in 472 patients, hence, a 

prevalencee of 23%. Of these patients, 27 had a false normal SimpliRED D-dimer 

resultt (sensitivity: 95%; 95% CI: 93 to 97). Pulmonary embolism was objectively 

confirmedd in 214 of the 694 patients with a suspicion of this disease (prevalence 

31%).. Of these patients, 20 had a false normal SimpliRED D-dimer test result 

(sensitivity:: 9 1 % ; 95% CI: 88 to 95%). Therefore, in total 686 patients had a venous 

thromboembolicc event and 47 of these patients had a false normal SimpliRED result, 

thuss the overall sensitivity of the SimpliRED test for venous thromboembolism was 

93%% (95% CI: 92 to 95%). The median age of these 47 patients, who formed the 

casee group of our study, was 55 years (range 20-92) and 28 (60%) were female 

(Tablee 1). 

AA total of 100 controls were identified and their clinical characteristics are also 

detailedd in Table 1. Compared to controls the mean age of the cases was almost 10 

yearss lower. For symptoms lasting more than 10 days and for more than 8 hours 

therapeuticc or prophylactic use of (low molecular weight) heparin, the odds ratios 

weree 3.2 <95%CI: 1.4-7.4) and 5.1 (95% CI: 1.5-18.7), respectively. All other studied 

characteristicss did not clearly discriminate between patients with a false normal 

SimpliREDD result and those with an adequate abnormal test result (Table 1). Also 

variouss combinations of these clinical characteristics were investigated, but again no 

clearr discrimination between cases and controls could be observed. In addition, the 

prevalencee of such combinations was very low in both groups. 

Inn the patient group with a false normal SimpliRED result the frequency of a small 

thrombuss load, according to our predefined criteria, appeared to be higher (13%) 

thann in the group of patients with an adequate abnormal D-dimer test (5%) (odds 

ratio:: 2.9, 95% CI; 0.7-11.9). 
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TableTable 1 Baseline clinical characteristics in patients with a false normal SimpliRED D-

dimerr test result and in a control group of patients with adequate abnormal result. 

Patientt characteristics 

Numberr of patients 
Meann age 
Rangee age 
Agee < 30 years 
agee > 80 years 
female e 

symptomaticc < 1 day 
symptomaticc > 10 days 
therapeuticc dose heparin 
therapeuticc and prophylactic 
dosee heparin 

SimpliRED D 
falsee negative 

47 7 
555 years 

20-922 years 
44 patients 
77 patients 

288 patients 
100 patients 
211 patients 

66 patients 
100 patients 

SimpliRED D 
adequatee abnormal 

100 0 
644 years 

19-955 years 
55 patients 

144 patients 
577 patients 
144 patients 
200 patients 

44 patients 
55 patients 

Oddss ratio 
(95%% CI) 

1.88 (0.4-8.1) 
1.11 (0.4-3.1) 
1.11 (0.5-2.4) 
1.77 (0.6-4.4) 
3.22 (1.4-7.4) 
3.55 (0.8-15.8) 
5.11 (1.5-18.7) 

Combinationn of patient characteristics 
agee < 30 years and 3 patients 3 patients 2.2 (0.3-14.4) 
<11 day or >10 days symptoms 

agee > 80 years and 2 patients 6 patients 0.7 (0.1-4.0) 
<11 day or >10 days symptoms 

>100 days symptoms and therapeutic 3 patients 1 patient 6.8 (0.6-173) 
andd prophylactic dose heparin _ _ 

Discussion n 

Theoretically,, a lower than expected D-dimer plasma concentration may occur in 

variouss clinical situations. Since, the plasma half-life of D-dimer is approximately 8 

hours,, an older occlusive thrombus might generate insufficient D-dimers to raise the 

concentrationn above the threshold (7). Also heparin treatment may cause a 

decreasee in D-dimer plasma levels (6). Finally, in patients with a short delay 

betweenn onset of symptoms and diagnosis, the fibrinolytic activity may not have yet 

resultedd in sufficient elevation of the D-dimer concentration (14). 

Inn the present study, indeed both administration of therapeutic and/or prophylactic 

(LMW)heparinn treatment and symptoms for more than 10 days were significantly 

moree often seen in patients with a false normal SimpliRED D-dimer test result (odds 

ratios:: 5.1 (95% CI: 1.5-18.7) and 3.2 (95% CI: 1.4-7.4), respectively). However, the 

prevalencee of these characteristics was also high in the control group. For symptoms 

lesss than 24 hours before testing a trend was present (odds ratio 1.7; 95% CI: 0.6-
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4.4).. Combining two or more of these characteristics did not further result in an 

improvementt of the ability to identify those patients with a false normal D-dimer test. 

Althoughh these findings clearly indicate an association between certain baseline 

clinicall characteristics and the occurrence of a false normal SimpliRED test, the 

clinicall relevance of our observations is limited. For example, the combination of 

therapeuticc and/or prophylactic (LMW)heparin treatment and symptoms for more 

thann 10 days identified only 3 of the 47 patients with a false normal D-dimer, 

whereass this combination occurred in 3 of the 100 patients with a correct abnormal 

D-dimerr result. The same limitation applies for the other investigated combinations. 

Thus,, selecting patients, at presentation, with a high risk for a false normal D-dimer 

testt result on the basis of one or more of these clinical characteristics will not be 

efficient. . 

Whatt are the possible explanations for these disappointing findings? Firstly, other 

nott evaluated characteristics may be more discriminative for the identification of 

falsee normal D-dimer results, such as a distinction between in- and outpatients and 

otherr reliable indicators for the extend of the thrombotic mass (7,15). Unfortunately, 

wee were not able to evaluate the difference between hospitalised patients and 

outpatients,, because the number of hospitalised patients included in our study was 

tooo small. Although several studies, including the present one, indicated that D-

dimerr plasma levels are positively correlated with the thrombus mass, the major 

disadvantagee is that this information can not easily be obtained at presentation. 

Secondly,, in this study, the SimpliRED D-dimer assay was used, which has certain 

limitations.. It is known that this method may be associated with a small risk for 

inadequatee interpretation due to the fact that the results are based on a subjective 

interpretationn of the presence or absence of agglutination (16). Incorrectly scoring 

tracee agglutination as normal may in part explain the inability to identify indicators for 

falsee normal test results due to dilution of the case group. Whether this problem also 

appliess to more quantitative assays needs further evaluation. 

Onee methodological aspect of the present investigation requires comment. We 

contrastedd the clinical characteristics of patients with a false normal SimpliRED 

assayy to those with an adequate abnormal test result in order to identify simple 

baselinee characteristics to distinguish these two groups. Another approach would 

havee been the comparison to patients with an adequate normal SimpliRED test 
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result.. However, we considered it more appropriate to perform such a comparison 

onlyy if the present analysis would have rendered an accurate set of indicators. 

Inn conclusion, although certain patient characteristics, such as (LMW)heparin 

treatment,, symptoms of venous thromboembolism for more than 10 days or less 

thann 24 hours and a very small thrombus load, are associated with an increased risk 

forr a false normal D-dimer test result, the clinical usefulness of these criteria to 

adequatelyy identify those patients with a false normal D-dimer outcome appears to 

bee limited. 
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