Appendix 13 — Literature Review on D-Dimer — completed by Dr. Adam Peets

A review of the VIDAS D-Dimer (ELISA) assay and its role in the diagnosis of
pulmonary embolism and deep vein thrombosis

Abstract

Background: Attempts are being made to reduce the costs associated with the diagnosis
of deep vein thrombosis (DVT) and pulmonary embolism (PE). One promising method to
help rule out these diagnoses is by measuring plasma D-dimer levels, a product of clot
breakdown, with a rapid, quantitative ELISA assay, VIDAS D-Dimer. However, prior to
developing a clinical algorithm that uses this assay, a review of the literature needed to be
undertaken to ensure that the VIDAS D-Dimer has sufficient sensitivity and negative
predictive value to be used as a screening test in patients presenting with suspected DVT
or PE.

Methods: A search of MEDLINE, PubMed, Cochrane and Best Evidence was undertaken
to identify all relevant English-language articles. Selected articles were then critically
appraised and conclusions drawn.

Results: Fifteen articles were identified. Four trials provided level one evidence, combined
with one large clinical management trial, that supported the use of the VIDAS D-Dimer
assay as part of a clinical algorithm to rule out DVT. For inpatients with suspected DVT,
two trials (both level one evidence) determined the sensitivity and negative predictive value
of the VIDAS assay to be 100%. Diagnosis of PE in outpatients was evaluated by a large
clinical management trial and a level one evidence trial, both of which showed the assay
was effective. There is almost a complete lack of literature evaluating the VIDAS D-Dimer
assay’s performance in ruling out suspected PE in inpatients. A number of situations in
which the assay’s performance is lower than expected were also identified.

Conclusion: It is safe to proceed with the incorporation of VIDAS D-Dimer assay into a
clinical algorithm for outpatients and inpatients presenting with a suspected first episode of
DVT. It is also safe to incorporate VIDAS D-Dimer in to an algorithm to rule out PE in
outpatients. However, further evidence is necessary prior to using the assay as part of an
algorithm to rule out PE in inpatients.



Background:

Venous thromboembolism (VTE) is a common and fatal disease. While there are as many as
260,000 patients in the U.S. in whom VTE is diagnosed and treated each year, there are at least
that same number of patients in whom the correct diagnosis of VTE is never made.” Studies have
shown that diagnosis of VTE based on clinical judgment alone is unreliable, thereby resulting in
increased utilization of radiographic tests to rule out the possibility of deep vein thrombosis (DVT)
and pulmonary embolus (PE). With increased strain on health care budgets and increased
workloads in radiology departments, attempts are being made to develop a cost-effective and
resource-conscious clinical algorithm that can be used in the diagnostic work-up of DVT and PE.*"

One strategy that has gained widespread interest is to use an algorithm consisting of an initial
laboratory screening test (serum D-dimer levels) combined with a clinical pretest probability score
to help decrease the number of radiologic investigations required. D-dimer is a specific fibrin
degradation product that is elevated in patients with VTE. There are a number of different methods
available to measure D-dimer levels in the blood. The best studied and most reliable method is
ELISA (Enzyme-Linked Immunosorbent Assay). Unfortunately, conventional ELISAs are not
suitable for emergency situations as the turn-around time is usually greater than two hours.
Recently, however, a very promising rapid ELISA, VIDAS D-Dimer (bioMerieux, Marcy I'Etoile,
France), has been shown to be equivalent to conventional ELISAs.?>** VIDAS D-Dimer is a
quantitative fully automated ELISA assay with fluorescence detection performed on a dedicated
immunoanalyzer, capable of producing results in approximately 50 minutes.?

Once the results of the assay are known, a clinical algorithm can be applied to patients presenting
with suspected DVT or PE. As the D-dimer assays have high sensitivity and negative predictive
value (NPV), and low specificity and positive predictive value (PPV), their role in the algorithm will
be to help rule out the presence of DVT or PE. van Beek et al.” calculated that for every 2%
decrease in sensitivity, one per 1000 evaluated patients with clinically suspected PE would die.
Although this is probably less for DVT, it is evident that a NPV lower than 98% may be too low to
safely exclude DVT or PE. Therefore, prior to the incorporation of the VIDAS D-Dimer assay into
any clinical algorithm to rule out PE or DVT, there needs to be sufficient evidence to show that the
sensitivity and negative predictive value of the assay are greater than or equal to 98%.

According to Sackett et al.?® the proper evaluation of any diagnostic test involves three steps. The
technical aspects including definition of normal values and determination of intra- and inter-assay
variability should first be undertaken. The second step is testing the accuracy of the assay in a
blinded fashion in consecutive patients with and without the disease. Finally, the clinical utility and
validity should be ascertained. Using these three steps as a guide, this review will critically
appraise the literature currently available on the VIDAS D-Dimer assay and its role in the diagnosis
of pulmonary embolism and deep vein thrombosis.

Methods:

A literature search was undertaken to identify relevant English-language articles. Using the key
words “deep vein thrombosis,” “DVT,” “pulmonary embolism,” “pulmonary embolus,” “PE,” “venous
thromboembolism,” “D-dimer,” “VIDAS” and “ELISA” the databases of Medline, PubMed, Cochrane
and Best Evidence were searched. The bibliographies of all studies were manually searched to
identify additional relevant studies. Each article was critically appraised using the method

described by Sackett et al.,”® and had a level of evidence assigned as per guidelines in Table 1.
Results:

The technical aspects of the VIDAS D-Dimer assay are well established. The normal value of 500
ng/ml has been validated by numerous clinical trials.?*#*?"° |t has been determined that this cutoff

provides the highest combination of sensitivity and specificity for diagnosing DVT or PE. Many of
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these same trials have also documented that the intra- and inter-assay variability is excellent, with
kappa coefficients showing good to excellent concordance.?*?"#3

There are also numerous trials in the literature defining the accuracy and the clinical utility and
validity of the VIDAS D-Dimer assay in the diagnosis of deep vein thrombosis and pulmonary
embolism. What follows is a brief description of these trials, and is divided into three different parts:
trials related to DVT only, trials related to PE only, and trials that examine both DVT and PE. The
most important characteristics and results of each of the trials have been summarized in Tables 2
and 3.

Trials Evaluating VIDAS D-Dimer in the Exclusion of DVT

van der Graaf et al. “Exclusion of deep venous thrombosis with D-dimer testing.”?

Methods:

-prospective, single-center trial involving 99 consecutive outpatients.

-inclusion criteria: clinically suspected DVT

-exclusion criteria: treatment with anticoagulants, recent surgery (<8 days), contraindication to
contrast media, refusal or inability to sign consent, inability to perform or inadequate results of
ascending venography

-protocol: thirteen different D-dimer assays (including VIDAS) compared to gold-standard
venography.

Radiologist blinded to clinical assessment and D-Dimer results.

Results:

-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS found to be 100% sensitive
(95% CI 93-100) and 41% specific (95% CIl 27-56). The negative predictive value was 100% (95%
Cl 83-100).

-likelihood ratio for a positive test result: 1.7 ; likelihood ratio for a negative test result: 0.0
Limitations:

-single-center ftrial, only one radiologist interpreting results of venography (although remained
blinded)

Conclusions:

Level 1b evidence

Overall, an excellent study using the gold standard of venography for comparison. With 100%
sensitivity and NPV, the results of this study strongly suggest that VIDAS can be used as part of a
clinical algorithm to safely exclude patients with normal D-dimer levels suspected of having a DVT
or PE.

Legnani et al. “Contribution of a new, rapid, quantitative and automated method for D-dimer
measurement to exclude deep vein thrombosis in symptomatic outpatients.”*'

Methods:

-prospective, single-center trial involving 99 consecutive outpatients referred to the emergency
department.

-inclusion criteria: clinically suspected DVT

-exclusion criteria: previous episode of DVT, stable symptoms lasting more than one month,
anticoagulant or fibrinolytic therapy already underway at presentation, contraindication to
ascending venography

-protocol: three different D-dimer assays (including VIDAS) compared to gold-standard
venography.

Radiologists blinded to clinical assessment and D-Dimer results.

Results:

-using a threshold of < 700 ng/ml to indicate a negative test, VIDAS found to be 97.4% sensitive
(95% CI 92-100) and 81.7% specific (95% CI 72-91). The corresponding negative predictive value
was 98% (95% CIl 94-100).

-likelihood ratio for a positive test result: 5.3 ; likelihood ratio for a negative test result: 0.03



Limitations:
-only outpatients

-higher cutoff for normal value likely led to lower than expected sensitivity

Conclusions:
Level 1b evidence

Although this was a well designed trial using the gold standard of venography, the higher cutoff
value for normal (700 vs 500 ng/ml) likely led to the lower sensitivity and NPV than expected.
Because of this fact, this trial should not be included in the final analysis.

Table 1. Guideline for Grading Level of Evidence for Diagnostic Studies™

Srade of R it Level of Evid Descrioti

A 1a
1b
1c

B 2a
2b
3b

C 4

D 5

Systematic review with homogeneity of level 1
diagnostic studies or a CPG?® validation set.
Independent blind comparison of patients from an
appropriate spectrum of patients all whom have
undergone both the diagnostic test and the reference
standard.

Diagnostic finding where sensitivity is so high that

a negative result rules out the disease.

Systematic review with homogeneity of level > 2
diagnostic studies.

-independent blind comparison

-non-consecutive patients or confined to a narrow
spectrum of study individuals all of whom have
undergone both the diagnostic test and the reference
standard.

-diagnostic CPG not validated on a test set.
Independent blind or objective comparison of
appropriate spectrum of patients, but reference
standard not applied to all study patients.

-reference standard was unobjective, unblinded or not
independent.

-positive and negative tests verified using separate
reference standards.

-inappropriate spectrum of patients

Expert opinion without explicit critical appraisal or
based on physiology, bench research or “first
principles.”

@ CPG: Clinical Practice Guideline



Legnani et al. “Comparison of new rapid methods for D-dimer measurements to exclude
deep vein thrombosis in symptomatic outpatients.”?'

Methods:

-prospective, single-center trial involving 81 consecutive outpatients.

-inclusion criteria: clinically suspected first episode of DVT

-exclusion criteria: symptoms lasting greater than one month, on anticoagulation or fibrinolytic
therapy

-protocol: seven different D-dimer assays (including VIDAS) compared to gold-standard
venography in each patient. Radiologist blinded to clinical assessment and D-Dimer results.
Results:

-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS found to be 95.2% sensitive
(95% CI 89-100) and 55.3% specific (95% CI 39-71). (Negative predictive value of 91.3% (95% CI
80-100).

-likelihood ratio for a positive test result: 2.12 ; likelihood ratio for a negative test result: 0.087
Limitations:

-6 patients from initial 87 were excluded due to, “inability to perform ascending venography for
technical reasons or inconclusive results.”

-it should be noted that the authors admit that, “All the investigated methods failed to identify one
patient in whom venography results, though questionable, showed the presence of proximal DVT,
and two patients with distal DVT in whom a hypofibrinolytic condition was later diagnosed.”
Conclusions:

Level 1b evidence

This is a well-designed trial comparing VIDAS D-Dimer to the gold standard of venography.
Despite the limitations resulting from the exclusion of six patients, VIDAS did have a lower
sensitivity and negative predictive value as compared to the other trials using venography. This
trial puts the ability of VIDAS D-dimer to confidently rule out DVT into question.

Elias et al. “D-dimer test and diagnosis of deep vein thrombosis: a comparative study of
seven assays.”?

Methods:

-prospective, single-center trial involving 171 consecutive inpatients (n=142) and outpatients
(n=29) referred to a French angiology unit.

-inclusion criteria: clinically suspected first episode of DVT

-protocol: seven different D-dimer assays (including VIDAS) compared to compression U/S.
Radiologist not blinded to clinical assessment and D-Dimer results, but lab technician blinded to
U/S results.

Results:

-for all patients, using a threshold of < 400 ng/ml to indicate a negative test, VIDAS was found to
be 97% sensitive (95% CI 90-100) and 26% specific (95% CI 18-36). The corresponding negative
predictive value was 93% (95% CI 74-100).

-for outpatients only, VIDAS was found to be 100% sensitive and 50% specific. The corresponding
negative predictive value was 100%.

-for inpatients only, VIDAS was found to be 98% sensitive and 18% specific. The corresponding
negative predictive value was 94%.

-for inpatients, likelihood ratio for a positive test result: 1.3; likelihood ratio for a negative test result:
0.12

-for outpatients, likelihood ratio for a positive test result: 1.2; likelihood ratio for a negative test
result: 0.11

Limitations:

-cutoff 400 ng/mL. Therefore, falsely elevated sensitivity compared with normal 500 ng/mL cutoff
-compression U/S instead of venography used to confirm or rule out DVT

-since no venography, distal DVT may have been overlooked

-small number of outpatients.



Conclusions:

Level 1b evidence

This study demonstrates that VIDAS is effective for detecting isolated proximal DVT in outpatients.
However, the assay did not demonstrate high enough sensitivity in this study to be used as a first-
line screening test to rule out DVT in inpatients, or those with distal DVT.

Funfsinn et al. “Rapid D-dimer testing and pre-test clinical probability in the exclusion of
deep venous thrombosis in symptomatic outpatients.”’

Methods:

-prospective, single-center trial involving 106 consecutive outpatients.

-inclusion criteria: clinically suspected DVT

-exclusion criteria: anticoagulants for more than 24 hrs prior to study enroliment, pregnancy, and
hospitalization within last 3 days

-protocol: four different D-dimer assays compared to compression ultrasound or venography to
diagnose DVT. Three month follow-up. Retrospective application of pre-test clinical probability
(Wells’ criteria), to determine the changes in sensitivity and specificity when used in combination
with D-dimer compared to D-dimer alone. Not stated if radiologist blinded to clinical assessment
and D-Dimer results.

Results:

-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS was found to be 100%
sensitive (95% CIl 94-100) and 52.5% specific (95% CIl 38.3-66.8). The corresponding negative
predictive value was 100% (95% CI 90-100). When combined with the pre-test clinical probability,
the specificity rose to 76.9%.

-likelihood ratio for a positive test result: 2.1; likelihood ratio for a negative test result: 0.0
Limitations:

-only outpatients

-unclear how clinicians decided whom received U/S and who received venography

-no mention how many patients received each diagnostic test

-since venography not performed in all patients, some distal DVT may have been overlooked
-retrospective, hypothetical application of pre-test probability, rather than prospectively testing the
combination of D-dimer and pre-test probability

Conclusions:

Level of evidence: 1b if assume blinded, otherwise level 4

Despite this study’s limitations with not applying venography to all patients, overall, it demonstrates
excellent sensitivity and NPV for VIDAS in ruling out DVT. If the results of the hypothetical
implementation of pre-test probability are to be believed, the increase in specificity obtained with
the combined use of D-dimer and pre-test probability would lead to improved cost-effectiveness in
the diagnosis of DVT.

Janssen et al. “Reliability of five rapid D-dimer assays compared to ELISA in the exclusion
of deep venous thrombosis.”**

Methods:

-prospective, multicenter trial involving 132 outpatients referred to emergency or outpatient
departments.

-inclusion criteria: clinically suspected DVT

-exclusion criteria: non-ambulatory

-protocol: five different D-dimer assays (including VIDAS) compared to compression U/S. If either
veins could not be adequately visualized or distal DVT suspected, venography performed. (total of
26 venograms performed). Not stated if radiologist blinded to clinical assessment and D-Dimer
results.

Results:



-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS was found to be 100%
sensitive (95% CI 97-100) and 19% specific (95% CI 7-30). The corresponding negative predictive
value was 100% (95% CI 69-100).

-likelihood ratio for a positive test result: 1.2 ; likelihood ratio for a negative test result: 0.0
Limitations:

-only outpatients

-unclear if consecutive patients

-unclear how clinicians suspected distal DVT and subsequently continued on to venography.

-since venography not performed in all patients, some distal DVT may have been overlooked
Conclusions:

Level 2b evidence if assume blinded, otherwise level 4 evidence.

Despite this study’s limitations, it does demonstrate a trend toward excellent sensitivity and NPV
for VIDAS in ruling out DVT.

D’Angelo et al. “Evaluation of a new rapid quantitative D-dimer assay in patients with
clinically suspected deep venous thrombosis.”*’

Methods:

-prospective, single-center trial involving 103 consecutive inpatients and outpatients referred to an
Italian Hospital Coagulation Service.

-inclusion criteria: clinically suspected DVT

-protocol: D-dimer measurement (VIDAS) and compression U/S performed in all patients. If initial
U/S negative, serial U/S day 1 and 7. Radiologist not blinded to clinical assessment and D-Dimer
results, but lab technician blinded to U/S results.

Results:

-for patients with symptoms less than 11 days (n=99), using a threshold of < 500 ng/ml to indicate
a negative test, VIDAS was found to be 100% sensitive (95% CI 79-100) and 45% specific (95% CI
34-56). The corresponding negative predictive value was 100% (95% CI 88-100).

-for all patients enrolled in the study (n=103), VIDAS was found to be 96% sensitive (95% CI 75-
100) and 44% specific (95% CI 34-56). The corresponding negative predictive value was 97%
(95% CI 84-100).

-for symptoms less than 11 days, likelihood ratio for a positive test result: 1.8 ; likelihood ratio for a
negative test result: 0.0

Limitations:

-compression U/S instead of venography used to confirm or rule out DVT

-lack of full compressibility on U/S the sole criteria for an abnormal result

-since no venography, distal DVT may have been overlooked

Conclusions:

Level 1b evidence

An important aspect of this study was to point out that the sensitivity of VIDAS decreases with time
from onset of DVT. (Due to decreased fibrin release form older clots) Overall, this study was well
designed. However, by not using venography as the reference standard, some clots may have
been missed, resulting in a falsely high sensitivity.

Shitrit et al. “Diagnostic value of the D-dimer test in deep vein thrombosis: improved results
by a new assay method and by using discriminate levels.”*

Methods:

-prospective, single-center trial involving a combination of 108 outpatients and inpatients.

-inclusion criteria: clinically suspected DVT

-exclusion criteria: under 18 years old, symptoms of DVT for more than 7 days.

-protocol: four different D-dimer assays, including VIDAS D-Dimer compared to compression
ultrasound.

Radiologist blinded to clinical assessment and D-Dimer results.



Results:

-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS was found to be 100%
sensitive and 25% specific. The corresponding negative predictive value was 100%.

-likelihood ratio for a positive test result: 1.3 ; likelihood ratio for a negative test result: 0.0
Limitations:

-unclear if consecutive patients

-since venography not performed in all patients, some distal DVT may have been overlooked
Conclusions:

Level 2b evidence

Overall, a well designed study, but lack of stating that consecutive patients were used decreases
the level of evidence form 1b to 2b. Also, with the lack of comparison to the gold-standard of
venography some distal DVTs may have been missed, thereby leading to a falsely elevated
sensitivity and NPV.

Borg et al. “Rapid quantitative D-dimer assay and clinical evaluation for the diagnosis of
clinically suspected deep vein thrombosis.”*

Methods:

-prospective, single-center trial involving 76 consecutive patients

-inclusion criteria: clinically suspected DVT

-protocol: two different D-dimer assays (including VIDAS) compared to compression U/S. Lab
technician blinded to results of U/S, but not stated if radiologist blinded to clinical assessment and
D-Dimer results.

Results:

-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS was found to be 93.7%
sensitive and 52.2% specific. The corresponding negative predictive value was 92%.

-likelihood ratio for a positive test result: 1.96 ; likelihood ratio for a negative test result: 0.12
Limitations:

-very poorly described methods and results sections. No mention of many key factors necessary to
critically appraise the trial.

-one of the patients with a false negative result had had symptoms for greater than 10 days

-small number of participants

-since no venography, distal DVT may have been overlooked

Conclusions:

Level 2b evidence

The poor quality of the manuscript alone is enough to question the results obtained by the authors.
Overall, this is a poor study, and should not be included in the final analysis of the effectiveness of
VIDAS.

Trials Evaluating VIDAS D-Dimer in the exclusion of PE

de Moerloose et al. “Contribution of a new, rapid, individual and quantitative automated D-
dimer ELISA to exclude pulmonary embolism.”?

Methods:

-prospective, single-center trial involving 195 consecutive outpatients referred to an emergency
department in Switzerland.

-inclusion criteria: clinically suspected PE

-protocol: according to clinical algorithm, patients underwent V/Q scan, lower limb doppler U/S or
pulmonary angiogram. All patients had D-dimer levels drawn. Six month clinical follow-up to
evaluate for symptoms of PE. Not stated if radiologist blinded to clinical assessment and D-Dimer
results.

Results:

-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS was found to be 100%
sensitive (95% CIl 92-100) and 37.6% specific (95% Cl 30.1-45.8). The corresponding negative
predictive value was 100% (95% CI 93.3-100).



-after six months of follow-up, of the 56 patients with D-dimer levels <500 ng/ml, none of the 51
evaluable patients (5 abroad) had a new suspicion of PE.

-likelihood ratio for a positive test result: 1.6 ; likelihood ratio for a negative test result: 0.0
Limitations:

-only outpatients

-limited information on patient demographics

-steps involved in diagnostic algorithm unclear

-six month follow-up by phone only

-only 52 patients (26.6%) underwent gold standard of pulmonary angiogram. Otherwise, diagnosis
of PE confirmed by high probability V/Q scan or positive U/S of legs.

Conclusions:

Level 1b evidence if assume blinded, otherwise level 4 evidence

Despite the fact that not every patient underwent pulmonary angiography, all patients did have a
well-validated test to rule in or out PE performed. Importantly, from a clinical standpoint, after 6
months of follow-up, none of the patients with a normal D-dimer level had a PE. Therefore, the
results of this trial show that for outpatients, VIDAS can be used as part of a diagnostic algorithm to
rule out PE.

Lorut et al. “A noninvasive diagnostic strategy including spiral computed tomography in
patients with suspected pulmonary embolism.”"

Methods:

-prospective, single-center trial involving 247 consecutive outpatients referred to emergency or
outpatient departments.

-inclusion criteria: clinically suspected PE

-protocol: D-dimer was used as part of a non-invasive strategy to rule PE. Depending on the
algorithm, patients had D-dimer (n=227), spiral CT (n=201), V/Q (n=178), U/S (n=56) and/or
pulmonary angiogram (n=2) performed. Three month follow-up to ensure no clinical evidence of
PE. Radiologist not blinded to clinical history, but lab technicians were blinded to U/S results.
Results:

-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS was found to be 98.6%
sensitive. No further statistical results were mentioned in the manuscript.

-unable to calculate likelihood ratios due to lack of statistical information.

Limitations:

-19 patients excluded from final analysis (16 because study protocol was negative, 1 because they
died, 1 because diagnosis of PE had already been made by angiogram and 1 because symptoms
had started several months ago)

-19 other patients lost to follow-up

-difficult to fully assess D-dimer efficacy as the trial was designed to determine if the diagnostic
strategy was effective in ruling out PE.

-D-dimer was compared to CT as the confirmatory test in most patients rather than pulmonary
angiogram.

Conclusions:

Level 3b evidence

As this trial was specifically examining the effectiveness of a diagnostic strategy to rule out PE and
was not designed to determine the sensitivity, specificity and NPV of VIDAS, and due to the fact
that spiral CT was used as the gold standard, the results of this trial need to be interpreted with
skepticism.

Sijens et al. “Rapid ELISA assay for plasma D-dimer in the diagnosis of segmental and
subsegmental pulmonary embolism.”*

Methods:
-retrospective, single-center trial involving 342 consecutive patients
-inclusion criteria: clinically suspicion of PE, normal leg U/S and positive lung perfusion scans.



-exclusion criteria: inability to give consent, treatment with IV heparin for more than 72 hours at
time of blood sampling, or surgery within past 6 weeks.

-protocol: all patients underwent pulmonary angiogram generally within 24-48 hours and at most 72
hours after suspicion for PE arose. Importantly, patients received 1-2 days of IV heparin prior to
pulmonary angiogram. Not stated if radiologist blinded to clinical assessment and D-Dimer

results.

Results:

-the authors split the results into those of segmental (main lung vessels) and subsegmental
thrombi.

-for all pulmonary emboli:

-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS was found to be 90%
sensitive, 45% specific, with a negative predictive value of 94%.

-likelihood ratio for a positive test result: 1.6 ; likelihood ratio for a negative test result: 0.2

-for segmental pulmonary emboli:

-using a threshold of <500 ng/ml to indicate a negative test, VIDAS was found to be 98%
sensitive, 45% specific, with a negative predictive value of 99.2%.

-likelihood ratio for a positive test result: 1.8 ; likelihood ratio for a negative test result: 0.04

-for subsegmental pulmonary emboli:

-using a threshold of <500 ng/ml to indicate a negative test, VIDAS was found to be 76%
sensitive, 45% specific, with a negative predictive value of 94%.

-likelihood ratio for a positive test result: 1.4 ; likelihood ratio for a negative test result: 0.53
Limitations:

-retrospective design

-pre-selected population (normal leg U/S and positive V/Q scans)

-not mentioned if inpatients or outpatients

-patients were on IV heparin for 1-2 days prior to angiogram

Conclusions:

Level 2b evidence

This paper has multiple limitations that put into question the validity of the results. Despite the fact
that it is a retrospective analysis of a pre-selected population with a very high pre-test probability
(positive V/Q scans), it does raise an interesting question. Can VIDAS D-Dimer detect small
pulmonary emboli? The results for detection of segmental PE are very similar to those results of
studies using V/Q scans as the gold standard. However, in this trial VIDAS showed an
unacceptably low sensitivity for diagnosing subsegmental thrombi. The authors hypothesized that
the lower clot burden associated with subsegmental emboli (i.e. less D-dimer produced), in
combination with the inability of V/Q scans to diagnose the smaller clots in subsegmental areas,
led to the falsely elevated sensitivity and negative predictive value of VIDAS. One possible
confounding factor is that the patients were on heparin for 1-2 days prior to the angiogram. It has
been shown that in patients with DVT being treated with heparin, the plasma D-dimer level
dropped by approximately 40% (24h) and 50% (48h). However, even with recalculating the cutoff
values by taking the possible reduction in D-dimer levels due to heparin into consideration, the
overall sensitivity for VIDAS only rose to 94% with a corresponding NPV of 96%. If these results
are believed, this remains below the value necessary for an effective screening device. Another
potential bias is that pulmonary angiography is difficult to interpret at the subsegmental level and
interobserver agreement may be as low as 60% in such patients.** Overall, the poor design of this
study prevents it from being included in the final analysis of this paper. However, it does raise the
issue of whether VIDAS can rule out smaller subsegmental PE. This question will need to be
assessed in prospective, outcome-based trials.

Wallis et al. “A comparative study of two rapid D-dimer tests for the exclusion of pulmonary
embolism in symptomatic patients.”*

Methods:
-prospective, single-center trial involving 129 patients
-inclusion criteria: clinically suspected PE
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-protocol: two different D-dimer assays (including VIDAS) compared to pulmonary angiogram.

No mention if radiologist blinded to clinical assessment and D-Dimer results.

Results:

-using a threshold of < 500 ng/ml to indicate a negative test, VIDAS found to be 97% sensitive
(95% CI 83-100) and 26% specific (95% CI 18-36). The corresponding negative predictive value
was 96% (95% CI 81-100).

-likelihood ratio for a positive test result: 1.3 ; likelihood ratio for a negative test result: 0.12
Limitations:

-very poorly described methods and results sections. No mention of many key factors necessary to
critically appraise the trial.

Conclusions:

Level of evidence: insufficient information provided

It is unfortunate that the authors did not provide further information, as this is one of the only gold-
standard prospective analyses of VIDAS D-Dimer available in the literature.
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Trials Evaluating VIDAS D-Dimer in the Exclusion of DVT and PE

Perrier et al “Non-invasive diagnosis of venous thromboembolism in outpatients.”

Freyburger et al. “D-dimer strategy in thrombosis exclusion.”?

Methods:

-prospective, single-center trial involving 100 consecutive inpatients.

-inclusion criteria: clinically suspected DVT (n=83) or PE (n=17)

-protocol: eight different D-dimer assays (including VIDAS) compared to gold-standard venography
or angiography in each patient. Not mentioned if radiologist blinded to clinical assessment and D
Dimer results.

Results:

-using a threshold of < 550 ng/ml to indicate a negative test, VIDAS found to be 100% sensitive
and 38% specific. Negative predictive value of 100%.

-likelihood ratio for a positive test result: 1.6 ; likelihood ratio for a negative test result: 0.0
Limitations:

-only inpatients

-small number of PE patients

-threshold for a negative D-dimer result higher than the cutoff used by most other trials (500 ng/ml),
thereby increasing the specificity, but potentially lowering the sensitivity.

Conclusions:

Level 1b evidence if assumed blinded, level 4 evidence if unblinded

As VIDAS D-Dimer was compared to the gold standard of venography, the results of this trial
strongly suggest that VIDAS can be used as part of a clinical algorithm to safely exclude the
diagnosis of DVT in outpatients. Due to the small number of patients with suspected PE (n = 17), it
is difficult to use the results of this trial alone to support the use of VIDAS D-Dimer to exclude PE.

Methods:

-prospective, multicenter trial involving 918 consecutive outpatients presenting to ER department
-inclusion criteria: clinically suspected PE (n=444) or DVT(n=474)

-exclusion criteria: inability or refusal to consent, anticoagulation at onset symptoms, hospital
admission more than 24 hrs prior onset symptoms or during month preceding inclusion, impossible
follow-up, contraindication to phlebography or angiography, expected survival less than 3 months.
-protocol: diagnostic algorithm involving pretest probability, D-dimer, venous doppler U/S, V/Q
scan, and only if necessary angiography or phlebography. Patients followed for three months to
assess for recurrence on clinical grounds only. Radiology and laboratory technician blinded to
clinical assessment and D-Dimer results.

Results:

-two patients had false negative D-dimer tests. Negative predictive value of 99.3% (95% CI 97.5-
99.9)

-using their algorithm, 10 pts who had been negative for VTE using the algorithm had an event in
3 month follow-up (none had had normal D-dimer levels) (3 month thromboembolic risk of 1.8%)
Limitations:

-designed as a trial to evaluate a diagnostic algorithm that has VIDAS as only one of the many
components

-applies only to outpatients

-no radiographic confirmation of absence of DVT or PE in patients with normal D-dimer levels

-only a few underwent gold standard tests (5.7%)

-64 patients excluded from results due diagnostic protocol not followed.

Conclusions:

Level 3b evidence

Although it is level 3b evidence because the reference standard was not applied to all patients, this
was a well designed trial that demonstrates the effectiveness of VIDAS D-Dimer as part of a clinical
algorithm to rule out DVT and PE in an outpatient population.
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Freyburger et al. “Rapid ELISA D-Dimer testing in the exclusion of venous
thromboembolism in hospitalized patients.”

Methods:

-retrospective, single-center trial involving 989 inpatients.

-inclusion criteria: hospitalized patients with suspected VTE

-exclusion criteria: surgery less than 8 days before, heavily-traumatized patients, sepsis, malignant
metastases.

-protocol: according to diagnostic algorithm, patients underwent D-Dimer measurement, and then a
radiologic test (U/S, V/Q scan, spiral CT, venography or angiography) depending on clinical
circumstance.

Results:

-specific results on the performance of VIDAS D-dimer were not mentioned in the results section
other than to say that for 32 patients that had a negative D-Dimer, but continued on to have a
radiographic procedure, all were not found to have DVT or PE. Therefore, for this small group
within the trial, VIDAS D-Dimer showed 100% sensitivity and negative predictive value.
Limitations:

-retrospective design

-trial was designed to evaluate a clinical algorithm involving VIDAS D-Dimer as only one of a
number of steps, and was not designed to specifically evaluate the performance of VIDAS.
Conclusions:

Level 3b evidence

The results of this trial demonstrate that for inpatients, VIDAS D-Dimer can be used as part of a
cost-effective clinical algorithm to help rule out DVT and PE. However, it provided very little
information on the performance of the VIDAS D-Dimer assay itself.

Discussion:

D-Dimer assays provide an opportunity to decrease both the time to diagnosis of DVT or PE and to
decrease the amount of radiographic investigations, especially invasive investigations, necessary
in the work-up of VTE. The VIDAS D-Dimer assay has a number of characteristics that make it an
ideal tool to help in the acute diagnosis and management of DVT or PE: it is fast (turnaround time
of less than one hour), reasonably priced (estimates of approximately $25 Can per test) and the
results are consistent. However, the key feature of any potential diagnostic test is whether or not it
will perform up to the standards required in clinical practice. In the case of D-Dimer assays, does
the VIDAS D-Dimer assay have a high enough sensitivity and negative predictive value to function
as an initial screening test in patients presenting with their first episode of DVT or PE? Well, that
depends on the clinical situation.

There are four major categories of patients that present with a first episode of VTE:

1) suspected DVT in an outpatient

2) suspected DVT in an inpatient

3) suspected PE in an outpatient

4) suspected PE in an inpatient
Although this is certainly oversimplifying matters, it can serve as a guideline to help in analyzing
the literature on the VIDAS D-Dimer assay.

Suspected DVT in an outpatient:

Of the four categories, this one has the most literature available to date. There have been nine
trials*”#12427:3031 axamining DVT in this population, with six of these being level 1b evidence. Four
of the level one trials determined that VIDAS D-Dimer has both 100% sensitivity and 100%
negative predictive value (NPV) for VIDAS D-Dimer in excluding DVT in outpatients.”?#%?" The
two trials by Legnani et al. *" both produced sensitivities and NPV lower than the goal of 98% as
determined by van Beek et al.”® However, these trials did have limitations that may have affected

13



the outcome. The first of the two trials,?' despite being well-designed and using the gold standard
of venography as a comparison, found that all of the methods used to measure D-Dimer, including
conventional ELISA, fared no better than VIDAS D-Dimer. In fact the authors admit that, “All the
investigated methods failed to identify one patient in whom venography results, though
questionable, showed the presence of proximal DVT, and two patients with distal DVT in whom a
hypofibrinolytic condition was later diagnosed.”' It is difficult to assess the clinical importance of
these three cases given the limited information available from the article, but this trial did
demonstrate that the sensitivity and NPV were lower than what is required for an effective
screening test. The second Legnani trial,*’ was again well designed with venography as the
reference standard, but a D-dimer cutoff value of 700 ng/mL was used, instead of the standard 500
ng/mL. This likely explains why the sensitivity is lower than that found in other trials.

Perrier et al.* conducted a clinical management trial to evaluate the utility of VIDAS D-Dimer as
part of a clinical algorithm to rule out suspected first-episode of DVT. In 474 outpatients, the
combination of the assay and algorithm resulted in a negative predictive value of 99.3%. This
provides excellent evidence that the assay can be safely used not only by itself, but also as part of
an algorithm to decrease the number of radiographic investigations required.

Therefore, despite the results of the first Legnani et al. trial, when all of the level-one evidence is
combined with the clinical management trial of Perrier et al., the majority of the evidence supports
the use of VIDAS D-Dimer to help rule out DVT in outpatients.

There is level one evidence in the literature to support the use of VIDAS D-Dimer as part of a
clinical algorithm to rule out a suspected first episode of DVT in outpatients.

Suspected DVT in an inpatient:

There are five trials in the literature that have evaluated the VIDAS D-Dimer assay in inpatients
suspected of having a DVT,*?%?3%":3 wjith three of them being considered level one evidence.?*?*%
Of these three, the only one that used the gold standard, venography, was Freyburger et al.,?° with
results demonstrating a sensitivity and negative predictive value of 100%. The other two trials used
compression ultrasound as the reference standard. The results of D’angelo et al.” were the same
as the previously mentioned study, with the assay achieving 100% sensitivity and 100% negative
predictive value. However, Elias et al.”® showed that the VIDAS D-Dimer assay had a sensitivity of
98% and negative predictive value of 94% when restricted to inpatient use. Since this trial used
compression U/S as the comparison standard, some of the results are less reliable than the
previously mentioned gold standard comparison trial. Unfortunately, the one trial evaluating VIDAS
D-Dimer as part of a clinical algorithm in inpatients, although large (n=989), was a retrospective
analysis that failed to provide convincing data of the effectiveness of the algorithm.? Therefore,
based mainly on the results of the Freyberger et al. trial, it is reasonable to proceed with
incorporation of the VIDAS D-Dimer assay into a clinical algorithm for the diagnosis of DVT in
inpatients. However, this algorithm will need to be part of a prospective clinical trial to ensure
clinical applicability, reliability and cost-effectiveness prior to becoming hospital policy for ruling out
DVT.

There is level one evidence in the literature to support the use of VIDAS D-Dimer as part of a
clinical algorithm to rule out a suspected first episode of DVT in inpatients. However, once the
algorithm is developed, it will need to be evaluated in a prospective trial, as there is no evidence in
the literature examining the cost-effectiveness and clinical applicability of this topic specifically.

Suspected PE:

The literature evaluating VIDAS D-Dimer in patients with suspected first episode of PE is far more
limited than for DVT. The two major trials that used angiography as the reference standard, Sijens
et al.** and Wallis et al.,** have major flaws, including retrospective design and not stating which
population of patients they were examining, and essentially need to be excluded from the analysis.
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This leaves only five trials to critically appraise. However, prior to proceeding, one important finding
from Sijens et al. needs to be addressed.

Despite the fact that it is level 3b evidence, and that it is a retrospective analysis of a pre-selected
population with a very high pre-test probability (positive V/Q scans), the Sijens trial does raise an
interesting question. Can VIDAS D-Dimer detect small pulmonary emboli? The results of this trial
show that the assay’s ability to detect segmental PE are very similar to those results of studies
using V/Q scans as the gold standard (98% sensitive, 99.2% NPV). However, VIDAS showed an
unacceptably low sensitivity for diagnosing subsegmental thrombi. This result corroborates the
PIOPED investigators finding that as many as 9% of the “near normal/normal” V/Q scans appeared
to have PE using pulmonary angiogram.®* The authors hypothesized that the lower clot burden
associated with subsegmental emboli (i.e. less D-dimer produced), in combination with the inability
of V/Q scans to diagnose the smaller clots in subsegmental areas, led to the elevated sensitivity
and negative predictive value seen in other trials evaluating VIDAS. As already mentioned,
however, this trial has a number of limitations. One possible confounding factor is that the patients
were on heparin for 1-2 days prior to the angiogram. It has been shown that in patients with DVT
being treated with heparin, the plasma D-dimer level dropped by approximately 40% (24h) and
50% (48h). However, even with recalculating the cutoff values by taking the possible reduction in
D-dimer levels due to heparin into consideration, the overall sensitivity for VIDAS only rose to 94%
with a corresponding NPV of 96%; these results remain below the value necessary for an effective
screening device. Another potential bias of the trial is that pulmonary angiography is difficult to
interpret at the subsegmental level and interobserver agreement may be as low as 60% in such
patients.>* Overall, the poor design of this study prevents it from being included in the final analysis
of this paper. However, it does raise the issues of whether VIDAS can rule out smaller
subsegmental PE and if these smaller emboli are clinically important. These questions will need to
be assessed in prospective, outcome-based trials prior to the full incorporation of the assay into
our diagnostic algorithms.

Suspected PE in outpatients:

There has only been one trial producing level one evidence for the use of VIDAS D-Dimer in
outpatients. de Moerloose et al." initially evaluated 195 patients for the presence of PE, and then
followed patients for clinical recurrence for six months. The results of this trial showed an
impressive 100 % sensitivity and NPV, with a corresponding specificity of 37.6% even after the six
month follow-up. Despite being labeled as level 3b evidence due to the fact that not every patient
underwent the reference standard, the clinical management trial of Perrier et al.* is a very
important study that demonstrated the ability of VIDAS D-Dimer to be used as part of a clinical
algorithm to rule out PE in outpatients. Therefore, although the data is limited, due to the strength
of the de Moerloose et al. trial and the proven clinical utility of the assay by Perrier et al., it would
be reasonable to proceed with incorporation of the assay into a clinical algorithm to rule out PE in
outpatients.

There is limited level one evidence to support the use of the VIDAS D-Dimer assay as part of a
clinical algorithm to help rule out suspected first episode of pulmonary embolism in outpatients.

Suspected PE in inpatients:

There is insufficient literature evaluating the ability of the VIDAS D-Dimer assay to rule out PE in
inpatients at this time. The only level one evidence trial, Freyburger et al.,?® has just 17 patients
suspected of PE enrolled. VIDAS did perform well, with sensitivity and NPV of 100%, but these
results can not be generalized due to the small number of patients involved. The other trials that
examined PE in inpatients are of poor quality and should not be considered in the final analysis.
Therefore, due to the almost complete lack of literature on the subject, the decision on whether or
not VIDAS D-Dimer can be incorporated into a clinical algorithm for ruling out PE in inpatients
should wait until more convincing evidence is available.
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There is not enough evidence at this time to support the use of the VIDAS D-Dimer assay as part

Overview of limitations:
of a clinical algorithm to rule out PE in inpatients. Prospective trials need to be undertaken to
address this issue.

When the inclusion criteria for the clinical algorithms are developed for each of the above
categories, a number of factors will need to be taken into consideration. First, there is no literature
evaluating the VIDAS D-Dimer assay in patients with suspected recurrence of a DVT or PE.
Therefore, the algorithm can only be applied to patients with suspected first episodes until more
data is obtained. Secondly, there are certain circumstances when D-Dimer levels are high in the
absence of a DVT or PE. These include recent surgery, trauma, sepsis, malignancies, and
increasing age.® This results in decreasing specificity of the assay, which in turn leads to a
decrease in the overall cost-effectiveness of the algorithm. Once the algorithm is developed,
especially for inpatient use as these co-morbidities are more commonly seen in hospitalized
patients, there will need to be a cost analysis to ensure that the D-dimer assay is still useful as a
screening test. It may become evident that proceeding directly to ultrasound, V/Q scan or CT may
be more cost-effective in these patients. Thirdly, D-dimer levels are also dependent on the amount
of intravascular clot burden; the larger the clot, the higher the D-dimer levels. This becomes
clinically important when there is an extended period of time between the onset of the symptoms of
DVT or PE and the measurement of serum D-Dimer levels (greater than 11 days®’) and when the
initial clot burden is very small (distal DVT and subsegmental PE®). In these cases, the algorithm
will need to be adapted to take these factors into consideration, as the sensitivity of the assay may
not be high enough to consistently identify the presence of a clot.

Conclusion:

The VIDAS D-Dimer assay has shown that in certain clinical situations it can be used as an
effective screening tool to help rule out DVT and PE. The literature supports the incorporation of
VIDAS D-Dimer assay into a clinical algorithm for outpatients and inpatients presenting with a
suspected first episode of DVT. Even though there is a small amount of literature evaluating VIDAS
D-Dimer and outpatient PE, it is of high quality and can be used to justify the implementation of an
algorithm to rule out PE in outpatients. However, further evidence is necessary prior to using the
assay as part of an algorithm to rule out PE in inpatients. It will also be important to take into
consideration the limitations of the VIDAS D-Dimer assay when developing the algorithms to
ensure that the cost-effectiveness and clinical reliability are not lost.
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