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Systematic Review of Diagnostic Accuracy and Clinical Impact of Ordering Compression
Ultrasonography Exams Based on a Positive D-dimer Assay Test

Abstract

Purpose: The aim of this literature review was to examine the diagnostic accuracy and clinical
impact of medical providers ordering compression ultrasonography (CUS) exams for the lower
extremity venous systems based on a patient’s positive D-dimer assay test.

Method: A systematic review of the current literature was conducted from September 2023-May
2024 using various search engines without language or date restrictions. From 30 sources
inspected, articles were excluded from the research if they did not have statistics relating the
positive or negative results of the D-dimer to the pretest clinical probability assessments and
results of the following CUS exams. 20 sources met the inclusion criteria for this review.
Results: Across three of the studies with the biggest sample size, it was found that the
percentage of patients who had a positive D-dimer and a positive diagnosis of PE, DVT, or VTE
were below 25%. It was also found that D-dimer testing still faces ambiguity regarding age-
adjusted threshold values, a lack of a universally standardized unit of measure, and differing
levels of testing sensitivity and specificity across different commercial brands of D-dimer assays.
Conclusion: Throughout the research done thus far, there is still varying information regarding
the effectiveness of D-dimers due to the wide variety of D-dimer assay types that are
commercially available. The push for both the standardization of D-dimer threshold values as
well as age-adjusted D-dimer threshold values will further optimize this test to reduce the rate of
false positives. Most of the literature reflect an overlying theme that D-dimers are most useful in
a setting where the test is administered alongside a clinical probability score to determine if a

CUS is necessary to further evaluate for DVT, PE, and VTE. This method is most effective once



a medical institution has a firm idea of the threshold values of their D-dimer tests for different
age groups.
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Introduction: In the field of vascular ultrasound, one of the most common exams performed are
compression ultrasonography (CUS) exams for the lower extremity venous system. This test is
often done to evaluate for deep venous thrombosis (DVT), which is when a blood clot forms in
one or more of the deep veins in the body.*® This evaluation is important because without this
diagnosis, the formation of these clots could become a life-threatening problem if they break off
from the vessel walls and travel proximally to the heart and lungs causing blockages; these
events are called a pulmonary embolism (PE) or venous thromboembolism (VTE).*®

Four of the main indications of possible DVT are pain, leg swelling, heat, and redness in
the lower extremities as a result of venous outflow obstruction and venous wall inflammation.°
Patients may also develop DVT due to other existing medical conditions or factors, such as
cancer, pregnancy, trauma, family history of clotting disorders, stasis, or current medications.®
Due to the wide variety of factors that can contribute to DVT, physicians rely heavily on
screening tools and assessments to determine whether further imaging, usually a CUS exam, is
required to exclude DVT in a patient’s care plan.

One of the most common assessments physicians use when screening for DVT prior to
imaging is a clinical probability assessment along with a D-dimer blood assay. The clinical
probability assessment screens a patient for the likelihood of DVT or a PE using a questionnaire
and will rate the responses on a low-to-high clinical score to determine the likelihood their

symptoms may be indicative of DVT, PE, or a VTE.'% Two of the most common clinical score



assessments for PE and DVT are the Wells’ score and the Geneva score, both of which are used
alongside D-dimer assays in many hospital settings.®

The D-dimer assays are commonly used in clinical practice to exclude a diagnosis of
DVT or PE.° They are also used to help guide patients with VTE when making the decision to
continue or stop anticoagulation medicine when an initial treatment is complete.® However,
literature on the topic of D-dimers reflect that the use of this test has varying results dependent
on the method of capture, the instrumentation used, the testing threshold set, the type of assay
used, and the patient’s demographics.®° Due to these factors, D-dimers can often result in false
positives leading to unnecessary CUS exams being ordered. The results of these falsely ordered
exams result in the overuse of CUS exams, leading to excessive cost and wasted noninvasive
vascular lab time.* These factors which have been observed and documented in much of the

ongoing D-dimer literature prompted this literature review.

Methods: A thorough research of a variety of studies surrounding D-dimers and their
effectiveness was conducted. A variety of references from various databases spanning research
from several countries were included in the research. Sources were found using the four
keywords “DVT”, “D-dimer”, “PE”, and “VTE”. From 30 sources inspected, articles were
excluded from the research if they did not have statistics relating the positive or negative results
of the D-dimer to the pretest clinical probability assessments and results of the following CUS

exams. 20 sources met the inclusion criteria for this review.



Results: The use of D-dimers and their ability to predict a positive DVT, PE, or VTE ina
patient has often been criticized in literature, but the results of this test are much more complex
than just a positive or negative result. The majority of the studies conducted and looked at in this
review have many overarching themes in research, and only the most common findings will be
presented.

Looking at various studies and their results, the three studies with the biggest sample size
are compiled to make a greater generalization of the results of D-dimer effectiveness. Results are
only drawn from a positive versus negative D-dimer result standpoint, and data related to the
low, medium, and high risk pre-test probability assessments is excluded. Shane et al.*® found in a
study that of 292 patients that had a negative D-dimer, ten had a positive ultrasound (3%). In 178
patients who had a positive D-dimer, 113 had a negative ultrasound (38.6%) and 65 had a
positive ultrasound (22.2%). In a study performed by Kearon et al.8, they found that in 408
patients, 99 had a positive D-dimer (24%). From these, venography was performed in 84 of these
patients and 19 had DVT (22.6%), while 58 were normal (69%) and seven were nondiagnostic.®
In a study performed by Vermeer et al.,'® they found that in a study of 266 patients, 196 had
positive D-dimers. There was a positive diagnosis of VTE for 31/229 (13.5%) of patients with
suspected PE and 8/45 (17.7%) with suspected DVT.

Another ongoing debate is the correct boundary to set between a positive or negative D-
dimer result, which is often referred to as the threshold level. Each D-dimer manufacturer has a
different threshold set for their assay. Most thresholds used for a positive test have traditionally
been set low to maximize the sensitivity of a D-dimer test to limit the chance of missing a DVT
or PE in patients.® However, this tradeoff comes at the cost of lowering specificity which in turn

reduces the clinical effectiveness of the D-dimer as few patients will have a negative result,



meaning that the majority of patients will have a positive test.® Due to the differences in each D-
dimer assay, it is highly recommended by various institutions to validate the D-dimer assay and
determine the negative value that produces the greatest specificity while maintaining the greatest
sensitivity possible before using this assessment tool.® 1% 18 The general guideline to safely
exclude PE is to have an assay with a sensitivity and negative predictive value approaching
100%, but most assays tend to however around the 95% sensitivity level.®

Research of available literature has also shown that the age of a patient may also affect
the number of false positive D-dimers. As patients age, their D-dimer levels will naturally
increase, therefore the number of false positives increases.® A study by Righini et al.*2 found that
with an age-adjusted D-dimer threshold and pretest clinical probability assessment, there were a
larger number of patients in whom PE could be ruled out. They also found that in patients 75
years or older, the age-adjusted cutoff helped increase 5-fold the proportion of patients in which
PE could be ruled out without further imaging due to a negative D-dimer result, further reducing
the need for unnecessary imaging.*® As proposed by Righini et al.® and Linkins et al.,’ the
general rule is that the D-dimer threshold for a patient above 50 years of age can be increased by
multiplying their age in years by ten (e.g D-dimer threshold for a 70-year old patient should be

700 pg/L instead of the manufacturer’s threshold of pg/L).

Analysis: From the three studies compiled earlier in the results, research shows that a D-dimer is
not a perfect assessment. Across the three studies from Shane et al.,'®> Kratom et al.,% and
Vermeer et al.,'® the percentage of patients who had a positive D-dimer and a positive diagnosis
of PE, DVT, or VTE were 22.2%, 22.6%, and 13.5%, respectively. This shows that even with a

positive D-dimer, the chances of a patient being positive for DVT, PE, or VTE are still usually



less than 25%. While a D-dimer is a good assessment for the chances of these diagnoses, it
cannot be fully sufficient on its own.

Across the majority of the literature reviewed, the most common theme is the suggestion
that a combination of D-dimer testing alongside a clinical probability score provides the most
effective method to determine if a CUS is necessary to further evaluate for DVT, PE, and VTE.
Before implementing the use of a D-dimer assay, the institution should have a clear
understanding of the threshold, sensitivity, and specificity in order to properly test patients and
minimize false positives and negatives.® '8 This also includes finding an appropriate threshold
that can be adjusted based on patient’s age, as this can affect the result of a D-dimer
dramatically.®

Another aspect of D-dimers that still limits the clinical effectiveness of D-dimer testing is
its threshold values and lack of a standardized unit of measure. A study done in 2017 found that
with a range of over 30 different commercially available D-dimer assays using 20 different
monoclonal antibodies, the variance in testing sensitivity, specificity, and different testing units
makes standardization much more difficult.® D-dimers use two different units: purified D-dimer
units (DDUs) or fibrinogen equivalent units (FEUs). With these two different units, different
laboratories report different D-dimer concentrations based on the units they use.® Without a
universal calibrator, it becomes tough to have proper standardization of D-dimer concentrations
across the various assay types.®

Regarding methods in place for D-dimer testing, one study conducted in Japan looked at
the use of an algorithm to reduce unnecessary off hour CUS exams.?® They found that with
effective training, emergency department physicians could accurately classify patients into high,

moderate, and low probability scores and use that in conjunction with a D-dimer assay to exclude



the diagnosis of DVT in patients with low probability scores.?® If a patient was suspected to have
DVT, a low molecular weight heparin could be given to them as they waited to have the CUS
done the next routine working hours to avoid overworking the physician performing the
ultrasound.?® This study shows an effective method of reducing unnecessary workload on the
sonographer, and this method can similarly be applied to many institutions to help avoid

overworking sonographers.

Conclusion: Throughout the research done thus far, there is still varying information regarding
the effectiveness of D-dimers due to the wide variety of D-dimer assay types that are
commercially available. The push for both the standardization of D-dimer threshold values as
well as age-adjusted D-dimer threshold values will further optimize this test to reduce the rate of
false positives. By achieving this, institutions will be able to prevent overuse of CUS exams,
thus reducing the loss of time, money, and resources for both the sonographer and the patient.
Most of the literature reflect an overlying theme that D-dimers are most useful in a setting where
the test is administered alongside a clinical probability score to determine if a CUS is necessary
to further evaluate for DVT, PE, and VTE. This method is most effective once a medical

institution has a firm idea of the threshold values of their D-dimer tests for different age groups.
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