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Abstract Objectives In patients with suspected venous thromboembolism (VTE), the D-dimer
assay is commonly utilized as part of the workup. The assay is primarily used to
determine whether to proceed with radiographic imaging. We compared D-dimer
levels in patients suspected of having VTE. We hypothesized that higher D-dimer values
predict a higher likelihood of subsequent VTE diagnosis.

Methods We conducted a secondary analysis of a multinational, prospective observa-
tional study of low- to intermediate-risk adult patients presenting to the emergency
department with suspicion of VTE. Demographic and clinical data were collected in a
structured manner. Advanced imaging including ultrasound, computed tomography (CT)
pulmonary angiography, and ventilation/perfusion scanning was obtained at the discretion
of the treating physicians. Imaging was evaluated by board-certified radiologists in real
time. D-dimer values’ bins were evaluated using a logistic regression model.

Results We evaluated 1,752 patients for suspected deep vein thrombosis (DVT), with
191 (10.4%) DVT positive. We evaluated 1,834 patients for suspected pulmonary

Keywords embolism (PE), with 108 (5.9%) PE positive. Higher D-dimer values in both groups were

= venous thrombosis associated with higher likelihood of subsequent VTE diagnosis, with D-dimer values

= deep vein thrombosis > 3,999 ng/mL in both groups having the highest incidence of VTE. More than 50% of
= pulmonary embolism those patients were VTE positive.
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Conclusions
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Increasing D-dimer values predict increased likelihood of being found

VTE positive in this patient population. Among those in the highest D-dimer category,
> 3,999 ng/mL, over half of patients were VTE positive. Further research could
determine additional nuance in D-dimer as a tool to work up suspected VTE.

Introduction

D-dimer testing in the workup of patients with potential
venous thromboembolism (VTE) is commonplace.'~” When
used appropriately, D-dimer testing has demonstrated a
reduction in radiographic imaging, decreased emergency
department (ED) length of stay, and decreased total health
care costs in appropriately risk-stratified groups.® However,
some studies have demonstrated an increase in workups and
radiographic imaging for VTE with the introduction of the D-
dimer assay without an associated increase in diagnosis.’

Since its implementation, the D-dimer has been utilized
as a dichotomous test. When used in this manner, the D-
dimer has a specificity at or below 50%."'° Studies in recent
years have sought to adjust dichotomous D-dimer thresholds
based on different criteria such as: age, clinician’s pretest
probability, or pregnancy.'’™3 In each case, however, the D-
dimer result is still used dichotomously; that is, below a
certain threshold the test is considered negative and above
the threshold it is considered positive. There have been
several studies demonstrating that D-dimer values can be
used as continuous variables to predict likelihood of pul-
monary embolism (PE). These studies have shown that a
patient’s chance of having PE increases with rising D-dimer
concentration.'4'® However, there have not been any stu-
dies to date evaluating use of continuous D-dimer values in
patients with suspected deep vein thrombosis (DVT). One
study found a D-dimer value greater than 3.6 pg/mL
increased the likelihood of subsequent DVT diagnosis.'” To
date, there have not been any studies specifically examining
the upper value D-dimer concentrations in the risk stratifi-
cation of patients with suspected DVT.

In this secondary analysis of a prospective observational
study of a D-dimer assay performed at multiple centers
across the United States and Europe, there are two hypoth-
eses. First, we hypothesize that the likelihood of DVT and PE
increases linearly with rising D-dimer values. Second, using a
bayesian approach, there are D-dimer values above which a
single negative radiographic interrogation (ultrasound, com-
puted tomography pulmonary angiography [CTPA], or ven-
tilation/perfusion [VQ]) no longer has sufficient posttest
probably to avoid further evaluation in select cases using
current recommended guidelines.®

Methods

Setting

We performed a secondary analysis of a prospective, obser-
vational study of D-dimer testing in consecutive ED patients
with suspected VTE from 23 centers (17 USA, 6 Europe).19

The primary study was performed to determine the test
characteristics of two available D-dimer assays (VIDAS D-
dimer and Innovance D-dimer) using standard and age-
adjusted cutoffs. All participating centers had the capability
for CTPA, VQ scanning, venous ultrasound, and peripheral
venography. Siemens Healthcare Diagnostics (Newark, Dela-
ware, United States) was the sponsor of the study. Siemens
had no role in analyzing or interpreting the data. The
institutional review board (IRB) of each participating insti-
tution approved the study prior to participation and enroll-
ment of any subjects.

Selection of Participants

Eligible individuals were 18 years and older who presented
toan ED or outpatient clinic with suspected VTE and received
objective testing by the treating clinician. D-dimer samples
using the Innovance D-dimer assay were drawn after the
decision was made by the clinician to test for DVT or PE but
prior to results of the diagnostic workup. These individuals
needed to be capable of providing informed consent. As part
of their usual medical care, all participants received objective
testing for VTE. Patients with possibility of recurrent VTE
were included in the study. We excluded patients if they had
high pretest probability for VTE (Wells’ PE score > 6 or Wells’
DVT score > 2). Our other exclusion criteria included preg-
nancy and anticoagulation use for > 24 hours prior to blood
sample collection. We obtained written consent for all
patients by trained research staff.

Data Collection

After patient consent, we collected baseline demographic
data, including gender, race, age, Wells’ pretest probability
score for DVT or PE, D-dimer value, result of imaging proce-
dure(s), outcome at 3-month follow-up, and final diagnosis.
The data were collected by trained research staff. Resident
and attending physicians gathered the data and calculated
the Wells DVT and Wells PE scores to generate a pretest
probability. We collected blood samples and pretest prob-
ability was assessed before the patient’s usual care diagnos-
tic test results had returned. Blood samples were drawn into
3.2% sodium citrate tubes. Within 4 hours of collection,
samples were centrifuged to platelet-free plasma, trans-
ferred to microtubes, and frozen to < —70°C. The D-dimer
concentrations used for this study were measured by the
Innovance D-dimer platform (Siemens Healthcare Diagnos-
tics, Newark, Delaware, United States) on the CS-5100 system
at a central laboratory. D-dimer tests ordered as part of usual
clinical care were not used for this analysis to maintain
consistency across centers.
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Outcome Measures

Participants underwent a structured evaluation for VTE con-
sistent with local usual care protocols. We considered patients
to have a PE if their CTPA demonstrated a filling defect in a
pulmonary artery or if a VQ scan was read as high probability
for PE. If a patient was low or intermediate pretest probability
for VTE but did not have imaging performed but had a negative
D-dimer performed by the hospital’s clinical laboratory, we
considered them to have ruled out for VTE. We considered
patients to have a DVT if a thrombus in a deep venous leg vein
proximal to, or at the level of, the calf was found by either
venous ultrasound or contrast venography. Patients with
possibility of recurrent VTE were included in the study. For
those patients, they were considered to be PE or DVT positive if
imaging demonstrated clot in a new location or extension of a
previously documented DVT. All radiologic studies were inter-
preted by board-certified radiologists.

The D-dimer categories were decided after analyzing the
total number of patients included in specific “bins.” By
maintaining “bins” of 1,000 ng/mL beyond a D-dimer con-
centration of 1,000 ng/mL, we were able to maintain an
appropriate number of patients to reduce the risk of random
chance causing the outcome. We decided > 3,999 ng/mL was
the upper level “bin” so as to maintain an appropriate
number of patients in each group.

Three months after the index visit, we performed a phone
call follow-up with patients and we also reviewed their
medical records. Patients with an initial negative workup
for VTE were considered to have a PE or DVT during their 3-
month follow-up if they reported a diagnosed DVT or PE in
the interval. Patients were considered lost to follow-up if
they did not respond to five follow-up phone calls. For
analysis purposes, these patients were not considered to
have hemodynamically significant DVT or PE as long as they
had negative criterion standard in their index visit.

Statistical Analysis

Demographic data are reported as means with standard
deviations (SD) or simple percentages. Standard methods
were utilized for calculating characteristics of D-dimer
values such as odds ratios. Patients were analyzed in D-
dimer bins of the following values: a logistic regression
model was constructed using D-dimer level as predictor
variable and VTE occurrence as outcome, while controlling
for several variables. In patients with DVT, we controlled for
gender, race, and the individual components of the Wells
DVT score. In patients with PE, we controlled for age as well
as the individual components of Wells’ PE score. Data were
analyzed using SAS version 9.4 (SAS Institute, Cary, North
Carolina, United States). Adjusted odds ratios (ORs) were
utilized for the D-dimer bins because they were derived from
multivariable components as noted above.

Results

In total, 3,586 patients were evaluated for VTE; of these,
1,752 were evaluated for DVT and 1,834 were evaluated for
PE (=Fig. 1). Among patients evaluated for DVT, the DVT
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prevalence was 10.9% (191/1752). Seventy-eight (4.4%) had a
calf DVT, and 113 (6.4%) had a proximal DVT. Of the 191 DVT-
positive patients, 4 (0.2%) patients were considered to be
DVT negative on their index visit and were subsequently
found to be DVT positive at follow-up. The mean age was
53.1 £ 16.2 years, and 710 (40.5%) were male.

There were 743 patients in the DVT cohort with a D-
dimer < 500 ng/mL. Eighteen (2.4%) of these were found to
be DVT positive. The average Wells' DVTscore in these patients
was 0.78 (SD 1.06). Of the 18 patients that were DVT positive, 9
had an isolated calf DVT. All 18 were diagnosed on the index
visit. Nine out of 18 (50%), had a prior history of DVT by Wells’
DVT score.

Among patients evaluated for PE, the PE incidence was
5.9% (108/1834). In total, 101 (5.5%) had a segmental or
larger PE on imaging. Seven (0.4%) were found to have a
subsegmental PE. Of the 108 PE-positive patients, 7 (0.4%)
patients were considered to be PE negative on their index
visit and were subsequently found to be PE positive at follow-
up. The mean age was 47.4 &+ 15.8 years, and 676 (36.9%)
were male. Additional demographic information is given
in =Table 1. For the purposes of this analysis, those lost to
follow-up were presumed to be VTE negative.

There were 962 patients in the PE cohort with a D-dimer
< 500 ng/mL. Three (0.3%) of these were found to be PE
positive. In those PE patients, the average Wells’ PE score was
2.33. This is considered an intermediate-risk Wells’ PE score.
All three were diagnosed on their index visit.

D-dimer values were obtained on all patients. =Table 2
shows that the OR for DVT rises with progressively higher D-
dimer concentrations to a maximum of 52 (95% confidence
interval [CI], 27-99) in patients with a D-dimer > 3,999 ng/
mL. Utilizing a logistic regression model, the adjusted OR for
D-dimer value in DVT as a continuous variable was 1.34 (95%
Cl, 1.26-1.42), p < 0.0001. The proportion of DVT diagnoses
by D-dimer category is shown in =Fig. 2.

=Table 3 shows that the OR for PE rises with progressively
higher D-dimer concentrations, to a maximum of 221 (95%
Cl, 65-752) in patients with a D-dimer >3,999 ng/mL. At the
highest D-dimer values, more than half of the patients were
ultimately diagnosed with VTE. Using a logistic regression
model, the adjusted OR for D-dimer value in PE as a con-
tinuous variable was 1.31 (95% CI, 1.23-1.40), p < 0.0001.
The rates of PE versus D-dimer in the various numerical
categories are shown in =Fig. 2.

~Figs. 3 and 4 demonstrate the receiver operating char-
acteristic (ROC) curves generated for patients with suspected
PE and DVT, respectively, when utilizing the D-dimer as an
initial test. The area under the curve for both PE and DVTwas
high, 0.910 (0.882-0.937) and 0.823, respectively.

In the highest D-dimer category, > 3,999 ng/mL, by elim-
inating patients with active cancer and/or recent surgery/
bedridden by Wells’ DVT criteria, we found 52/95 patients,
54.7%(95% Cl, 44.2-64.9%), to be DVT positive. In the patients
with suspected PE in the highest D-dimer category, eliminat-
ing those with treated malignancy and/or with immobility or
recent surgery by Wells’ PE criteria left 38/67 patients, 56.7%
(95% CI, 44.1-68.6%), PE positive.
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Fig. 1 Enrollment.
Table 1 Characteristics of patients evaluated for VTE
DVT (N = 1,752) PE (N = 1,834)
N % SD N % SD
Age (mean) - 53.1 16.2 - 47.7 15.8
Gender (male) 710 40.5 - 676 36.9 -
Race
White 1,172 66.9 - 1,081 58.9 -
Black 475 27.1 - 553 30.2 -
Hispanic 79 4.5 - 145 7.9 -
Other 14 0.8 - 37 2.0 -
Asian 12 0.7 - 18 1.0 -
Wells’ score category
Low 576 329 - 1,175 64.1 -
Intermediate 559 31.9 - 658 35.9 -
Unknown 617 35.2 - 1 0.1 -
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Table 2 Proportion of DVT-positive and DVT-negative patients
by D-dimer result

D-dimer Patients | Percentage | aOR (95% Cl)
(ng/ml) | (#)
<500
DVT (+) | 18 24 Reference
DVT (-) | 725 97.6
500-999
DVT (+) 28 6.5 3.3(1.7-6.1)
DVT (=) | 401 93.5
1,000-1,999
DVT (+) 34 13.0 6.9 (3.7-12.8)
DVT (=) | 228 87.0
2,000-2,999
DVT (+) 20 17.5 10.8 (5.2-22.4)
DVT (-) | 94 82.5
3,000-3,999
DVT (+) 20 32.3 24.6 (11.2-54.3)
DVT (=) | 42 67.7
>3,999
DVT (+) | 71 50.0 51.7 (26.9-99.2)
DVT (=) | 71 50.0

Table 3 Proportion of PE-positive and PE-negative patients by
D-dimer result

D-dimer | Patients | Percentage | aOR (95% Cl)
(ng/mL) | (#)
<500
PE(+) | 3 0.3 Reference
PE(-) | 959 99.7
500-999
PE(+) | 11 2.8 7.2 (2.0-26.1)
PE (—) | 387 97.2
1,000-1,999
PE(+) | 18 7.7 17.7 (5.1-61.7)
PE(-) | 217 92.3
2,000-2,999
PE(+) | 13 14.4 37.4 (10.2-138.1)
PE (=) | 77 85.6
3,000-3,999
PE(+) | 8 19.0 42.410.2-175.9)
PE(—) | 34 81.0
>3,999
PE (4+) | 55 51.4 221.5 (65.2-753.0)
PE(-) | 52 48.6
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Fig. 2 DVT- and PE-positive patients based on D-dimer values.
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Fig. 3 ROC curve for D-dimer with regard to likelihood of PE. Area
under curve is 0.910.

Discussion

In this multicenter international observational study, we
observed an increasing rate of VTE with increasing D-dimer
levels. There appears to be value in utilizing the D-dimer in a
more nuanced approach to VTE workup beyond its current
dichotomous use. There does not appear to be an “absolute
cutoff” beyond which meaningful information is no longer
provided. Future decision instruments may be able to incor-
porate the D-dimer value as a spectrum rather than a
dichotomous cutoff in developing pretest probabilities for
patients with suspected VTE.

Patients with a D-dimer value < 500 ng/mL had clinically
apparent DVT and PE prevalence rates of 2.4 and 0.3%,
respectively. Given the risks of radiation, increased length
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Fig. 4 ROC curve for D-dimer in patients with suspected DVT. The
area under the curve was 0.823.

of stays, and increased costs associated with additional
workups,® the data support no further VTE workup if the
D-dimer returns with a normal value. It is important to
recognize that patients with appropriately low pretest prob-
ability for PE should undergo D-dimer testing to reduce
unnecessary radiation exposure. Studies have shown that
D-dimer testing is bypassed in patients that meet criteria for
initial D-dimer testing as part of the workup in favor of
radiographic imaging.?’ The data demonstrated here reiter-
ate that individuals who are below the threshold D-dimer
value of < 500 ng/mL should have their workup for VTE
ceased if the test was ordered in the appropriate risk
stratification group.

In this study, we found a clear relationship between
increasing D-dimer values and likelihood of VTE diagnosis.
This is the first study to evaluate this connection in patients
with suspected DVT. In those patients at the highest D-dimer
values (>3,999 ng/mL in our study), over 50% were found to
be VTE positive. With the known false-negative rate for both
DVT ultrasound and CTPA or VQ imaging for PE, clinicians
should consider additional workup in those patients with D-
dimer values in this range and either nondiagnostic or
negative initial testing.?"?> Empiric anticoagulation has
been recommended by some experts for patients initially
deigned high risk for VTE prior to completion of imaging
studies.??

In the > 3,999 ng/mL cohort of PE-positive patients, if we
take the reported sensitivities and specificities of CTPA and
VQ as noted in PIOPED II, we are able to calculate a negative
likelihood ratio for both studies.?* CTPA has a sensitivity of
83% and a specificity of 96%. VQ has a sensitivity of 77.4% and
a specificity of 97.7%. The negative likelihood ratios of CTPA
and VQ are therefore 0.177 and 0.188, respectively. With the
prevalence of disease in the highest D-dimer cohort being
50%, therefore, a negative imaging study of either CTPA or VQ

D-Dimer Assay and the Likelihood of VTE Francis et al.

scanning leads to posttest probabilities of 15% for CTPA and
18.8% for VQ scan. For the clinician at the bedside, this means
that one has to be attentive to the individual patient and
recognize the risk of false-negative imaging findings in this
group. The high sensitivity and specificity of venous ultra-
sound for proximal DVT, 96.5 and 94.3%, respectively,?
reveal that negative imaging studies have a much lower
posttest probability in the highest D-dimer cohort in those
suspected of DVT. A presumed prevalence of 50% in the
> 3,999 ng/mL category of D-dimer coupled with a negative
likelihood ratio of 0.036 for venous ultrasound leads to a
posttest probability of 3.6% with a negative DVT ultrasound.

Our dataset presents the spectrum of patients with sus-
pected VTE at low and intermediate pretest probability.
While much scrutiny has focused of the lower D-dimer levels,
the cohort of patients with high D-dimer presents different
challenges in risk stratification. When patients initially
thought to be at low or moderate pretest probability for PE
subsequently have high D-dimer values > 3,999 ng/mL, the
diagnostic strategy still includes CTPA, VQ, or venous duplex
ultrasonography. However, if these studies are negative or
nondiagnostic, consideration should be given to further
testing. One possibility is that the ultrasound or CTPA is
falsely negative. As such, additional testing with angiography
or perfusion scintigraphy may be options. Alternatively, the
location of the thrombosis may be in an atypical location
such as the pelvic, central nervous system, upper extremi-
ties, or jugular vessels. Additional consideration should be
made to starting empiric anticoagulation therapy given the
probability of disease in this patient cohort.

In the highest D-dimer category, eliminating patients with
suspected DVT who were positive on their Wells’ DVT score
for recent bedbound/surgery and/or active cancer revealed a
prevalence of disease > 50% in this cohort. Eliminating
patients with suspected PE in the highest D-dimer category
with a Wells PE score positive for active cancer and/or recent
surgery/immobilization also revealed a prevalence of disease
> 50%. These data support that in these patients with two
common causes of D-dimer elevation to be eliminated, the
prevalence of disease remains high. VTE is the most common
etiology of D-dimer elevation to that level in this group of
patients.

While D-dimer values <500 ng/mL have been shown to be
highly sensitive for ruling out VTE, the test is not perfect and
false-negatives can occur. In the primary study performed, a
negative D-dimer had a sensitivity of 98% for PE and 92% for
DVT.' False-negatives have been associated with increased
age of thrombus. One study found subsequent D-dimer
values reaching 25% of initial value of D-dimer VTE by
1 week of symptoms.26 Another recommended not utilizing
D-dimer testing if clinical symptoms have lasted for greater
than 1 week.?” A prior study suggested that fibroblasts
invade old thrombi over time. As a result, fibrin is collage-
nized and becomes poorly degradable using fibrinolytic
enzymes.?® Our analysis did not include duration of symptoms
as part of data collection. Prior treatment with anticoagulation
has also been associated with false-negative D-dimer values.
There is also the possibility that normal D-dimer levels may be
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the result of an existing dysfibrinogenemia such as Dusard’s
syndrome, where the clot formed is poorly degradable, and
thus has low D-dimer values.>®30

In the 18 patients who had a D-dimer value < 500 ng/mL,
but were DVT positive, 9 were found to have an isolated calf
DVT. Prior literature has demonstrated that in patients with
isolated calf DVTs, the sensitivity and specificity of the Wells
DVT score was low at 47 and 74%, respectively. Compared
with DVT-negative patients, however, patients with isolated
calf DVTs had higher D-dimer levels3' The diagnosis of
isolated calf DVT remains controversial, however.

Limitations

There were several limitations to this study. First, there were
a significant number of patients lost to follow-up after their
initial evaluation for VTE. For those found to be PE negative
on their index visit, 367 (21.1%) were lost to follow-up. In
those found DVT negative on their index visit, 243 (14.8%)
were lost to follow-up. While every effort was made to limit
this number with five phone calls made to attempt follow-
up, nonetheless their ultimate outcomes are not known.

We made the decision to denote isolated subsegmental PE
and calf DVT as being VTE positive for the purposes of data
analysis. This is an area of controversy as some data support
these entities as being false-positive or not needing antic-
0agulati0n.32'33 Other studies consider these to be VTE
events.>4%

We used the Innovance D-dimer as our benchmark. While
each D-dimer assay has a slightly different performance
characteristics, this was likely not a large factor in outcomes,
given the high concordance of the Innovance system with the
VIDAS D-dimer system.3*

Finally, due to the small sample size of some of the D-
dimer categories, there are wide CIs in some of the groups.
We cannot be sure of the specific ORs within each category,
but can draw general conclusions given the increasing
adjusted ORs.

Future Research and Implications

This study brings to the forefront the application of the D-
dimer in the workup of patients with suspected VTE. Cur-
rently used as a primarily dichotomous yes/no test as to
whether or not to proceed in VTE evaluation, the association
between D-dimer value and likelihood of VTE diagnosis
suggests that there is room for subtlety in its application.
Our results allow the use of simple bayesian calculators,
which allow clinicians to more accurately and specifically
estimate a patient’s pretest and posttest probabilities of VTE
based on D-dimer and imaging results.

Future research can evaluate the patients who are false-
negatives when D-dimer is utilized in suspected VTE. Eva-
luation of the possible age of thrombus on D-dimer values
can be one avenue to explore. It is also possible these patients
have abnormal fibrinolytic patterns such as increased levels
of ay-antiplasmin or have fibrin that is poorly degradable
such as in Dusard’s syndrome. Additional studies can be

TH Open  Vol. 3 No. 1/2019

aimed toward determining susceptibility of clot formed by
clotting plasma in vitro to degradability by fibrinolytic
enzymes.

Future research seeking to incorporate D-dimer values or
ranges of values into decision instruments may refine the
clinician’s approach to suspected VTE that increases sensi-
tivity of detecting disease while maintaining appropriate
specificity.

Note

Data originally presented at American College of Emer-
gency Physicians (ACEP) Scientific Assembly 2017,
Washington DC. Plenary Abstract #12, October 31,
2017. Abstract title: Highly Elevated Quantitative D-
Dimer Assay Values Increase the Likelihood of Venous
Thromboembolism.
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