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Abstract

Context: D-dimer measurements are vital in the diagnosis and exclusion of venous
thromboembolism (VTE). D-dimer levels increase with age, causing many older individuals to
be subject to unnecessary imaging in the diagnostic process. The implementation of an age-
adjusted D-dimer may help to improve specificity of the test, therefore, preventing further
imaging.

Objective: To assess whether the application of age-adjusted cutoff values (age x 10 pg/L)
compared to a conventional cutoff value (500 pg/L) improves diagnostic accuracy of the D-
dimer test in older individuals (>50 years) with suspected venous thromboembolism (VTE)
without compromising safety.

Methods: A PubMed search was conducted utilizing the term “age-adjusted D-dimer” with the
addition of the MeSH terms “Sensitivity and Specificity” and limitation to English studies from
the past five years. A review was performed on three studies that compared the efficacy of age-
adjusted D-dimer to conventional cutoff values in patients > 50 years old.

Results: Scouten et al. found that the specificity of the conventional cutoff decreased with age,
from 66.8% in patients less than 50 to 14.7% in those aged >80. Specificity was increased to
35.2% with the use of age-adjusted cutoffs. Sensitivities remained above 97% with the age-
adjusted cutoff in all categories. Sharp et al. found that the age-adjusted D-dimer threshold was
more specific (64%) versus the conventional cutoff off 500 pg/L (54%), but less sensitive (93%
versus 98%). Righini et al. found that the sensitivity of the D-dimer test did not change with the
application of an age-adjusted threshold, but the specificity increased from 30.8% to 43.5%
versus the conventional cutoff.

Conclusion: The use of age-adjusted values for the D-dimer test improves specificity without
compromising sensitivity, effectively improving clinical usefulness of the D-dimer test and
reducing imaging among patients >50 years with suspected venous thromboembolism (VTE).

Abbreviations and Acronyms
Venous thromboembolism — VTE
Pulmonary embolism — PE

Deep vein thrombosis — DVT
Emergency department — ED
Computed tomography — CT
Contrast induced nephropathy — CIN
Computed tomography pulmonary
angiography — CTPA

Confidence interval — CI




Introduction

Venous thromboembolism (VTE) is the leading cause of morbidity and mortality in
hospitalized patients,' prompting research on the most effective diagnostic technique. D-dimer
concentrations are commonly measured in the workup for the patient with non-high clinical
probability of VTE?, whereas patients with high probability would be candidates for immediate
diagnostic imaging. Non-high clinical probability is typically determined with the use of Wells
score for deep vein thrombosis (DVT) and pulmonary embolism (PE) and with the use of the
revised Geneva score for PE. These clinical probability rules use items such as age, past history
of DVT and PE, and clinical signs and symptoms to assign a low, intermediate or high
probability to patients with suspected VTE.'

High levels of D-dimer, one of the byproducts of fibrinolysis, indicate acute clotting and
fibrinolytic processes occurring in the body.” The D-dimer test’s high sensitivity makes it one of
the preferred first line tests for excluding VTE in patients with symptoms of a PE or DVT and a
non-high clinical probability.> However, specificity for the D-dimer test is low," subjecting many
patients with D-dimer values above the cutoff value to unnecessary imaging. Many factors alter
the specificity of the D-dimer test, such as duration of symptoms, extent of thrombosis,
anticoagulant therapy, inflammatory diseases, cancer, pregnancy, and previous VTE.' In
addition, D-dimer naturally increases with age. As a result, many older patients (age >50 years)
have a D-dimer concentration higher than the conventional cutoff value (500 pg/L) in the
absence of thromboembolism. This further reduces the specificity of the test significantly and
leads to unnecessary imaging in a large portion of the elderly population presenting with VTE
symptoms and a non-high clinical probability. Patients are subjected to increased risks from
radiation and contrast agents and the burden of increased cost of care.’ To increase the
specificity, it has been suggested that the D-dimer cutoff be increased for patients over the age of
50. Therefore, the use of an age-adjusted D-dimer cutoff (age x 10) is gaining popularity. To
date, no consensus has been made as to whether this method is safe and effective for the elderly
population. This study researches the efficacy of using an age-adjusted D-dimer cutoff to exclude
VTE in patients >50 years of age with a non-high clinical probability.>”

Case
Mr. R.D. is a 67-year-old male with no significant past medical history that presents to the clinic
complaining of right lower extremity swelling. His D-dimer is 640 pg/L. Does he need further
testing for a DVT at this time?

PICO
Population: Older patients (>50 years) with suspected venous thromboembolism (VTE)
Intervention: Age-adjusted D-dimer cutoff (age x 10 nug/L)
Control: Conventional D-dimer cutoff (500 pg/L)
Outcome: Increased accuracy in the exclusion of VTE using a D-dimer assay in older patients
(>50 years)

Clinical Question
In patients over 50 years of age, does an age-adjusted D-dimer cutoff as compared to the
conventional cutoff value increase the accuracy in the exclusion of VTE?




Methods

An initial PubMed search was conducted
in September 2016 using the search term “age
adjusted D-dimer” to retrieve 47 articles. This
search was narrowed further by limiting the
search to “English,” limiting the publication date
to the last five years, and implementing MeSH
terms “Sensitivity and Specificity” to yield 10
articles. A meta-analysis and systematic review
article was selected as the primary article. Two
articles were excluded, as they were included in
the previously selected meta-analysis. Five more
articles were excluded on the basis of low
statistical power and because many of them
included extraneous outcomes that were
unrelated to the clinical question. Thus, three
articles remained, including the primary meta-
analysis, a prospective study, and a retrospective
cohort study with high statistical power. This
selection process is summarized in Figure 1.
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Statistical methods used in this review ~
include sensitivity, specificity, positive Figure 1. PRISMA flow chart
predictive value, negative predictive value, and
negative likelihood ratio of both the conventional and age-adjusted thresholds. Sensitivity and
specificity were provided in study 1, but the data used to calculate these values were not
supplied, therefore, positive and negative predictive values were unable to be calculated. All of
the statistical calculations for study 2 used in the review were provided by the original study.
Study 3 did not provide sensitivity and specificity; however, these values were calculated by the
authors of this review using original data from the study. Sensitivity and specificity were then
used to calculate negative likelihood ratios, which were applied to a nomogram to find post-test
probabilities. Pre-test probability was calculated based on the case for this review using the
Wells criteria for DVT.

Results
Study 1:
Diagnostic accuracy of conventional or age adjusted D-dimer cut-off values in older patients
with suspected venous thromboembolism: systematic review and meta-analysis. Schouten et al.”

Objective
The objective of this study was to determine the accuracy of age-adjusted D-dimer cutoff
values compared to the conventional cutoff value in identifying VTE in patients > 50 years old.



Study Design

This is a systematic review and meta-analysis comparing 13 cohorts from five separate
studies identified by searching Medline and Embase. Eligible studies consisted of primary
research articles that compared consecutive patients with a clinical suspicion of VTE, performed
D-dimer testing using both the age-adjusted and conventional cutoff values, and confirmed
diagnosis with reference testing. Studies containing patients at a high risk for thrombosis,
defined as perioperative patients or patients with previous thrombosis, cancer, or coagulation
disorders were excluded. The revised tool for quality assessment of diagnostic accuracy studies
(QUADAS-2) was used to evaluate the quality of the chosen studies.

The studies included patients in the emergency department (ED), one primary care office,
outpatient clinics, and inpatients with symptoms and signs of VTE. Risk was determined using
either a revised Geneva score or the Wells criteria in all but one study. Patients considered to
have a non-high clinical probability had a revised Geneva score of < 10 or a Wells score of <4
for PE, and a Wells score of <2 or < 1 for DVT. One study used a clinical probability of <80%
as determined by the treating physician as their risk stratification method. 12 of the 13 studies
used three-month event-free follow-up to confirm results. One study used diagnostic imaging.

2x2 tables were created using the true and false positive and negative rates derived by the
reference tests. They were categorized into different age groups (< 50, 51-60, 61-70, 71-80,
>80). The tables were used to determine prevalence, sensitivity, and specificity of VTE in each
age category. A random effects bivariate regression model was used for the meta-analysis. This
statistical model analyzes relationships between variables which have been derived from
different populations. In this case, the true and false positive and negative rates from the 13
separate cohorts and five different age categories were included in the analysis.

The authors also constructed hypothetical cohorts with 1,000 patients per age category and D-
dimer cutoff level. Hypothetical cases of VTE were determined by multiplying 1,000 by the
average prevalence of VTE for each age category as found in the studies used for the meta-
analysis. True positives and negatives were calculated for each age group, as well as the effects
of prevalence on each one. True positives were calculated by multiplying the number of
hypothetical cases by the estimated sensitivity of the D-dimer test for the particular age category.
True negatives were calculated by multiplying the number of hypothetical non-cases by the
estimated specificity. Results were also multiplied by the minimum and maximum prevalence of
VTE in each age category.

Results

The meta-analysis showed that the use of an age-adjusted D-dimer cutoff significantly
(P<0.005) increased specificity in age categories >50 years of age compared to the conventional
cutoff. Specificity still decreased as age increased, but at a much less pronounced rate. Using the
conventional method, specificity decreased remarkably as age increased, dropping from 66.8% in
patients less than age 50 to 14.7% in patients over the age of 80. Using age-adjusted values,
specificity decreased to 35.2% in patients aged greater than 80. Overall sensitivity and specificity
were also calculated for the entire cohort aged greater than 50. Sensitivity was 99.3% (95%
confidence interval 98.4% to 99.7%) for the conventional cutoff and 97.8% (95.9% to 98.9%) for
the age-adjusted cutoff. Specificity was 36.1% (30.8% to 41.7%) for conventional cutoff and
48.8% (42.9% to 54.7%) for age-adjusted.

The hypothetical cohorts were used to determine how many patients would have avoided
imaging, correctly or incorrectly, by the use of age-adjusted D-dimer. As shown in Table 1,









Clinical Application

Mr. RD is a 67-year-old male with no significant medical history who presents to the
clinic complaining of right lower extremity swelling. His D-dimer value is 640 pg/L. This is a
positive D-dimer result according to the conventional cutoff (500 pg/L), meaning he would
undergo further testing and potentially be placed on anticoagulants. However, his age-adjusted
D-dimer cutoff is 670 pg/dL (age x 10), therefore, he would not qualify for further evaluation.
According to the Wells criteria for DVT, he is at moderate risk for DVT, with a pre-test
probability of 17%. This pre-test probability was applied to two nomograms, Figures 2 and 3,
along with positive and negative likelihood ratios to determine the post-test probability of Mr.
RD having a DVT. Figure 2 illustrates the negative post-test probability, meaning that if Mr. RD
had a negative age-adjusted D-dimer, he would have less than a 2% chance of having a DVT
based on these three studies. Figure 3 illustrates the positive post-test probability, meaning that
if Mr. RD had a positive test, he would have a 15-30% chance of having a DVT based on these
three studies and would most likely undergo further testing.

Key:

Study1l: lilac
Study2: plum
Study 3:gray

Figures 2 and 3. Nomograms with negative and positive likelihood ratios

Conclusion

D-dimer is a commonly used test for excluding VTE in patients with a non-high clinical
probability. However, its use is limited in older patients (>50 years old) due to its decreasing
specificity with increasing age, resulting in unnecessary testing and increased burden on these
patients. Use of an age-adjusted D-dimer increases the number of patients in which VTE can be
excluded without imaging. In addition to increasing specificity, sensitivity remained high among
all studies. This study further supports the use of an age-adjusted D-dimer cutoff in patients >50
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years old. Future studies that would be beneficial include a randomized control trial comparing
the two cutoffs and examination of cost effectiveness and implementation into practice. The use
of different D-dimer assays should also be addressed. Currently, studies are inconclusive as to
whether different D-dimer assays affect the utility of the age-adjusted cutoff.
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