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Summary

D-dimer testing can combined with assessment of 

pretest probability be used to rule out VTE in patients 

with a sufficiently low pretest probability of VTE. 

Patients with a negative D-dimer result can be ruled 

out, while patients with a positive D-dimer result need 

to have imaging performed for confirmatory diagnosis.

However, D-dimer testing cannot be used in patients 

assessed to have a high pretest probability. The reason 

for this is that the prevalence of VTE in this group is 

high and as the negative predictive value is dependent 

on prevalence, too many sick individuals would wrongly 

be ruled out if D-dimer testing was used in the high-

pretest-probability group.

For the safety of the patients this should always be kept 

in mind – a D-dimer test cannot be used for rule out in 

high-pretest-probability patients. 

Venous thromboembolism (VTE) refers to disease 

states that include both deep venous thrombosis (DVT) 

and pulmonary embolism (PE). All the guidelines for 

VTE diagnosis agree that the diagnosis can be based 

on pretest probability and D-dimer testing for patients 

with a sufficiently low probability of VTE [1, 2]:

•	 Negative D-dimer result – Rule out the patient

•	 Positive D-dimer result – Perform imaging for 

confirmatory diagnosis

The pretest probability calculations can be based on the 

Wells score or similar. The original scorings included a 

3-level scoring: ”low”, ”moderate” or ”high” probability 

[1, 2]. The scorings have been simplified to include a 

2-level scoring: ”unlikely” or ”likely” [1, 2].

D-dimer tests can, if they have sufficiently high 

sensitivity, be used to rule out DVT or PE in patients 

with either ”low”, ”moderate”, ”DVT unlikely” or ”PE 
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unlikely” pretest probability. Moderately sensitive 

D-dimer assays can only be used to rule out DVT or 

PE in patients with either ”low”, ”DVT unlikely” or ”PE 

unlikely” pretest probability.

The strong influence of prevalence on the negative 

predictive value (NPV) means that a D-dimer assay 

cannot be used to rule out DVT or PE in patients with 

”high” pretest probability.

The effect of prevalence on NPV is illustrated by looking 

at two hypothetical D-dimer assays with high sensitivity 

and moderate sensitivity, respectively.

No D-dimer assay can be used to rule out DVT or PE in 

patients with a high pretest probability.

For the safety of the patients this should always be kept 

in mind – a D-dimer test cannot be used for rule out in 

high-pretest-probability patients.

Introduction

Venous thromboembolism (VTE) refers to disease 

states that include both deep venous thrombosis (DVT) 

and pulmonary embolism (PE).

Many clinical societies have made official guidelines 

for diagnosis of DVT [1] and for diagnosis of PE[2]. In 

addition, the CLSI (Clinical and Laboratory Standard 

Institute) has a guideline for the exclusion of venous 

thromboembolism [3].

All the guidelines agree that VTE diagnosis can be 

based on pretest probability and D-dimer testing for 

patients with a sufficiently low probability of VTE:

•	 Negative D-dimer result – Rule out the patient

•	 Positive D-dimer result – Perform imaging for 

confirmatory diagnosis

Even though all international and local guidelines on 

VTE diagnosis agree that in patients with a sufficiently 

low pretest probability, D-dimer testing can be used 

to rule out VTE and that patients with a high pretest 

probability should either receive confirmatory imaging 

at once, and if that is not possible, they should be 

treated at once [1, 2, 3], it is not in these guidelines 

explicitly explained why D-dimer cannot be used to rule 

out VTE in high-pretest-probability patients.

This paper will explain and graphically illustrate why 

D-dimer cannot be used to rule out VTE in high-pretest-

probability patients.

The pretest probability, also called the clinical 

probability score, is the probability that a person has a 

particular disease/condition before any test results are 

obtained. The pretest probability for large groups of 

people (such as the population of a country) is the same 

as the prevalence of the disease in that group.

A flowchart of the diagnostic protocol can look like Fig. 

1.

Abbreviation/term Meaning

DVT Deep vein thrombosis

FDA US Food and Drug Administration

NPV Negative predictive value, fraction of test-negatives who do not have disease

PE Pulmonary embolism

PPV Positive predictive value, fraction of test-positives who do have disease

Prevalence Fraction of persons with disease in the tested population

Sens Sensitivity, fraction of sick persons getting a result above cut-off

Spec Specificity, fraction of healthy persons getting a result below cut-off

VTE Venous thromboembolism (includes DVT and PE)
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The pretest determination is based on clinical 

information and algorithms. There are several scoring 

templates available like the Wells score and the Geneva 

score. The original scorings included three levels: ”low”, 

”moderate” or ”high” probability. The scorings have been 

simplified to include two levels: ”unlikely” or ”likely”.

Patients with ”high”, ”DVT likely” or ”PE likely” pretest 

probabilities should either receive confirmatory imaging 

at once, and if that is not possible, they should be 

treated at once.

Patients with ”low”, ”moderate”, ”DVT unlikely” or 

”PE unlikely” probabilities are tested with D-dimer. 

A negative D-dimer result means that DVT or PE can 

be ruled out. A positive D-dimer result means that 

the patient has to undergo further imaging in order to 

diagnose whether or not he or she has DVT or PE. This 

makes ruling out the main purpose of the D-dimer test. 

A test used for ruling out needs to have a high negative 

predictive value so that we can be sure that the patients 

we rule out are not sick.

Influence of prevalence on the negative 
predictive value

The predictive value of a test is a measure in percentage 

of the times that the value (positive or negative) is the 

true value, i.e. the percentage of all with a positive test 

who are actually sick is the positive predictive value 

(PPV) and the percentage of all with a negative tests 

who are not sick is the negative predictive value (NPV).

The predictive values depend on the sensitivity and 

specificity of the test. However, the prevalence, i.e. the 

fraction of sick persons in the population tested, also 

has a strong impact on the predictive values.

As can be seen in Fig. 2, the NPV decreases with 

increasing prevalence of disease and PPV increases 

with increasing prevalence of disease. To understand 

why that is, consider two populations:

•	 No one in the population is sick (prevalence = 

0 %). When there are only healthy persons in a 

population, every negative result is a true-negative 

Clinical probability score

Low HighModerate

Negative Negative

PositiveNegative

No DVT or PE

Start anticoagulant therapy

Start anticoagulant therapy

Imaging testing for 
DVT or PE

Imaginative for 
DVT or PE

D-dimer test

FIG. 1: Flowchart for diagnosis of deep vein thrombosis (DVT) or pulmonary embolism (PE) [1, 2]
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FIG. 2: Predictive values as function of prevalence. Assay sensitivity = 90 %, specificity = 90 %.
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FIG. 3: Influence of sensitivity on the negative predictive value. Assay specificity = 50 %.
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result and the NPV is 100 %. Every positive result 

is a false-positive result and the PPV is 0 %.

•	 Everyone in a population is sick (prevalence = 

100 %). When there are only sick persons in a 

population, every negative result is a false-negative 

result and the NPV is 0 %. Every positive result is a 

true-positive result and the PPV is 100 %.

Thus we can see that the prevalence of disease impacts 

the PPV by influencing the true-positive and the false-

positive rates and the NPV by influencing the true-

negative and the false-negative rates.

As the negative predictive value is the major concern for 

a D-dimer test, I will focus on that in the following.

Why D-dimer tests should only be used 
for patients with low/moderate/unlikely 
pretest probability

The assay sensitivity has a strong influence on the 

negative predictive value. This is because lowering 

the sensitivity mainly means increasing the number of 

false-negative results; see Fig. 3.

The influence of specificity on the negative predictive 

value is minimal because lowering the specificity mainly 

means increasing the number of false-positive results; 

see Fig. 4.

In the guidelines for diagnosing DVT and PE the 

D-dimer assays, which can be used in diagnosis, are 

grouped into [1, 2]:

•	 Highly sensitive assays. Diagnostic sensitivity ≥ 95 

%. Can be used to exclude DVT or PE in patients 

with either ”low”, ”moderate”, ”DVT unlikely” or 

”PE unlikely” pretest probability.

•	 Moderately sensitive assays. Diagnostic sensitivity 

< 95 %. Can be used to exclude DVT or PE in 

patients with either ”low”, ”DVT unlikely” or ”PE 

unlikely” pretest probability.

Whole-blood agglutination point-of-care D-dimer 

assays are known to have sensitivities of ~85 % 

while ELISA assays have sensitivities of ~95 % [4]. 

Specificities differ greatly between D-dimer assays but 

can typically be in the range of 30-70 % [5]. Therefore 

the following is based on comparison of the NPV as a 
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FIG. 4: Influence of specificity on the negative predictive value. Assay sensitivity = 95 %.
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function of prevalence for two hypothetical assays, 

which we will call Assay95 and Assay85:

•	 Assay95

      •   Sensitivity 95 % (the lower sensitivity limit in the  

           high-sensitivity group of D-dimer assays)

      •  Specificity 50 %

•	 Assay85

      •   Sensitivity 85 % (a typical sensitivity in the  

           moderate-sensitivity group of D-dimer assays)

      •   Specificity 50 %.

Now, why should D-dimer tests not be used to exclude 

venous thromboembolism in patients with ”high” pretest 

probability? To understand that we need to realize what 

a negative predictive value tells us. 

If the NPV is 95 %, we know that in 95 % of the cases 

when we have a negative result the patient is not sick. 

Then we also know that in 5 % of the cases when we 

have a negative result the patient is actually sick.

If we dismiss all with a negative result and the NPV 

is 95 %, then 5 % of all those we dismiss based on a 

negative result will be sick. In our case, where we talk 

about patients suspected of venous thromboembolism, 

the consequences of misdiagnosis can be serious and 

include fatal pulmonary embolism.

What is an acceptable NPV? Preferably it should be 

100 % but that is not always possible. The US Food 

and Drug Administration (FDA) require different levels 

of clearance for D-dimer assays dependent on whether 

the claim is intended use for ”aid in diagnosis of VTE” or 

for ”exclusion of VTE” [3]. 

However, regarding NPV the FDA requirement is 

the same for both claims: NPV ≥97 %. When this 

requirement is achieved, 3 % or less of those who are 

dismissed based on a negative D-dimer result will be sick. 

The guideline for diagnosing DVT from the American 

College of Chest Physicians [1] estimates that the 

prevalence of DVT in the ”low”-pretest-probability 

group is ~5.0 %, in the ”moderate”-pretest-probability 

group it is ~17 % and in the ”high”-pretest-probability 

group it is ~53 %.

The Spanish national consensus document on diagnosis, 

risk stratification and treatment of patients with 

pulmonary embolism [6] estimates that the prevalence 

of PE in the ”low”-pretest-probability group is ~10 %, 

in the ”moderate”-pretest-probability group it is ~25 % 

and in the ”high”-pretest-probability group it is >60 %.

The prevalence for the ”DVT unlikely” pretest probability 

is ~6 % [1] and the prevalence for ”PE unlikely” pretest 

probability is ~12 % [2].

This means that the NPVs for the ”unlikely”-pretest-

probability groups will be quite similar to the NPVs for 

the corresponding ”low”-pretest-probability groups 

(prevalence ~5 % and ~10 %, respectively) and they are 

therefore not addressed separately.

When the estimated prevalence is used for calculating 

NPVs for our two hypothetical D-dimer assays, we get 

the NPVs listed in Table I.

If we compare the values with the FDA requirement of 

NPV ≥97 %, we can see that this requirement is only 

fulfilled for Assay95 for the ”low”- and ”moderate”-

pretest-probability groups. For Assay85 it is only 

fulfilled for the ”low”-pretest-probability groups.

None of the assays have a sufficiently high NPV to 

be used for rule-out in the ”high”-pretest-probability 

groups. If they were used for the ”high” -pretest-

probability groups the worst case would be using 

Assay85 for ruling out ”high”-pretest-probability PE 

patients. In this case 31 % of those dismissed would 

actually be sick and at high risk of a fatal PE. This is 

because the NPV is 69 %. 

It means that when we dismiss patients with a negative 

D-dimer result, 69 % of them will not be sick but the 

remaining 31 % of them WILL be sick.

The data from Table I is illustrated graphically in Fig. 5 

and Fig. 6; see below.
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Pretest probability

Disease state Assay Sensitivity* ”Low” ”Moderate” ”High”

Negative predictive value, %

DVT
Assay95 95 % 100 98 90

Assay85 85 % 98 94 75

PE
Assay95 95 % 99 97 87

Assay85 85 % 97 91 69

TABLE I: Negative predictive values for different pretest-probability groups and for DVT and PE

*Specificity = 50 %
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FIG. 5: Negative predictive values as function of prevalence. Prevalence of DVT for ”low”-, ”moderate”- 

and ”high”- pretest-probability  groups shown.
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FIG. 6: Negative predictive values as function of prevalence. Prevalence of PE for ”low”-, ”moderate”- 

and ”high”-pretest-probability groups shown.

From Fig. 5 and Fig. 6 it can be seen that Assay85 with 

the lowest sensitivity can only be used in populations 

with a very low prevalence of DVT or PE, corresponding 

to the prevalence in ”low”-pretest-probability groups, 

whereas Assay95 with the high sensitivity can be used 

over a broader prevalence range, corresponding to the 

prevalence in ”low”- and ”moderate”-pretest-probability 

groups.

None of the assays can be used in groups with a high 

prevalence corresponding to the prevalence for ”high”-

pretest-probability groups. For the safety of the 

patients this should always be kept in mind.
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