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ABSTRACT

Background: The immunofiltration D-dimer assay could
allow point-of-care testing for pulmonary embolism (PE).
A study was undertaken to compare a clinician-performed
qualitative D-dimer assay with the automated quantitative
D-dimer test.

Methods: A prospective observational study was
conducted from January to October 2005 at an urban
academic emergency department (ED). 1193 patients of
mean (SD) age 47 (16) years (66% female) were enrolled.
The study protocol combined pretest probability estima-
tion, D-dimer testing by both a gualitative immunachro-
matographic assay (Simplify) performed at the point of
care by 192 different clinicians and a quantitative D-dimer
test performed in a CLIA-certified laboratory. The criterion
standard was image-proven PE or deep venous throm-
bosis within 45 days after enrolment. To test inter-
observer agreement for the qualitative assay, two blinded
observers independently read 841 Simplify cartridges.
Results: Of 1193 patients enrolled, 45 were PE+ (3.8%,
95% Cl 2.8% to 5.0%). Qualitative results were available
for 1169 (98%) and quantitative results were available for
1136 (95%). Comparison of the qualitative and quantita-
tive D-dimer tests gave the following results: sensitivity
91% (95% Cl 78% to 98%) vs 93% (95% CI 80% to 98%);
specificity 57% (95% Cl 54% to 60%) vs 57% (95% Cl
54% to 60%); likelihood ratio negative 0.16 (35% Cl 0.06
to 0.37) vs 0.13 (95% CI 0.05 to 0.35). The weighted
Cohen's « for interpretation of the qualitative assay was
0.69 (95% CI 0.63 to 0.76).

Conclusions: In this very low-risk ED population, a
qualitative D-dimer assay performed at the point of care
had similar diagnostic accuracy to the quantitative D-
dimer test. Interobserver agreement for the qualitative
test was good.

Our group has previously examined the diagnostic
accuracy of the qualitative Simplify D-dimer assay
(Agen Inc, Brisbane, Australia) in a cohort of 2302
patients evaluated in the emergency department
(ED) for suspected pulmonary embolism (PE). We
reported a moderate sensitivity (81%) and high
specificity (73%)." This was comparable to the
sensitivity of 82% and specificity of 74% found in
an investigation performed in the UK by Hogg et
al> who evaluated 417 patients presenting in the
ED with pleuritic chest pain. Despite this moderate
sensitivity, when combined with the physicians’
overall clinical impression (unstructured estimate)

of low risk for PE, patients with a negative
qualitative test had a 0.7% post-test probability
of PE, suggesting that the test could be used to
exclude PE in a subset of patients in the ED.
However, several operational characteristics of the
qualitative D-dimer assay remain untested.

The principle of operation employs immuno-
chromatography and requires an observer visually
to determine whether the chromatography strip
shows one (test negative) or two (test positive)
purple lines. In our previous study we trained a
small group of respiratory therapists to perform
the assay. These therapists had relatively limited
knowledge of the healthcare team’s clinical suspi-
cion for PE. We found occasional variations in the
clarity of the chromatography results owing to
inadequate sample loading, streaking or staining of
the chromatography paper, and the more frequent
and problematic finding of a very faint second line
leading to ambiguity regarding the interpretation
of the test as positive or negative. These observa-
tions suggest the possibility that two observers
could interpret the same test differently. These
differences could be either exaggerated or attenu-
ated if the observer was a clinician with knowledge of
the patient’s pretest probability for PE. In contrast,
quantitative D-dimer assays rely on optical measure-
ment of light absorbance and therefore may be less
vulnerable to interobserver differences. In addition,
several meta-analyses have confirmed that the
sensitivity of quantitative D-dimer assays (both
enzyme-linked and turbidimetric) is significantly
higher, but with a lower specificity than we observed
with the qualitative assay.*”

We therefore performed this study in a new
population of patients in the ED selected for
objective testing for possible PE. We trained a large
number of clinicians (including ED nurses, nursing
assistants and physicians) to perform the qualitative
assay at the bedside, followed by a quantitative D-
dimer assay on the same blood sample in our
hospital’s central laboratory. Our specific aims were
(1) to measure and compare the diagnostic accuracy
of an algorithm, combining pretest probability
assessment along with the qualitative D-dimer assay,
with the quantitative assay for the diagnosis of PE in
this low prevalence population; (2) to compare the
diagnostic accuracies of the D-dimer tests; and (3) to
measure the interobserver agreement on the results
of the qualitative D-dimer assay.
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Figure 1 Flow diagram of diagnostic
imaging performed in all patients with
suspected pulmonary embolism (PE). One
patient with clinical features suggesting
PE met the criterion standard definition by
ultrasound-proven deep vein thrombosis
and did not undergo pulmonary vascular
imaging. ED, emergency department; V/Q,
ventilation-perfusion; CTA-V, computed
tomography-angiography of the chest
with indirect venography of the legs.
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METHODS

This prospective observational investigation was conducted at
Carolinas Medical Center, an urban academic centre with an
annual ED census during the study period of approximately
115 000. The study protocol was reviewed and approved by the
Carolinas Healthcare System Institutional Review Board. All
patients selected by the treating emergency physician for
evaluation of possible PE were eligible for enrolment in the
study. Eligibility did not require any predefined symptom or
sign. Exclusion criteria were prior failed venipuncture >2 times
on the same day, the study associate’s impression that follow-
up would not be possible, or patient desire not to participate in
the study. Before testing, the treating physician populated a
HIPAA-compliant web-based data collection form using a secure
personal computer in the ED. The methodology and contents of
this form have been previously published.® Briefly, the form first
asks the physician’s unstructured estimate of the likelihood of
PE, categorised as “low” (<15%), “moderate” (15-40%) or
“high” (>40%). In previous work we have found the
unstructured estimate to be preferred by emergency physicians
and to produce equivalent results to structured decision rules.” ®
The study was designed according to the guidelines set out in
the standards for reporting studies of diagnostic accuracy
(STARD). Patients were evaluated for PE according to the
algorithm shown in fig 1, which included both qualitative and
quantitative D-dimer testing for all patients.

Emerg Med J 2008;25:70-75. doi:10.1136/emj.2007.048918

Follow-up

D-dimer testing

Blood for D-dimer testing was obtained by venipuncture by a
nurse or qualified phlebotomist. Both the qualitative and
quantitative D-dimer assays were performed on the same blood
specimens (0.11 mM sodium citrate Vacutainer Tubes; Becton
Dickinson, Franklin Lakes, NJ, USA). The qualitative D-dimer
testing was performed in the ED by one of 52 physicians, 125
nurses or 15 certified nursing assistants who attended a
standardised training session conducted by one of the study
authors to learn how to perform and interpret the qualitative
assay in accordance with the manufacturer’s recommendations.
To minimise bias, the assay was completed and the result
documented before the quantitative result was reported. Our
instructions were for the user to inspect the chromatogram to
ensure complete saturation and then to hold the cartridge at
arm’s length, under standard fluorescent lighting in a designated
area with ambient light intensity of approximately 4000 lux,
and to view the reading window to the count of two, and to ask
“Do I see one line or two lines?”’ If the observer believed he or
she saw one line, the test was recorded as negative. To measure
interobserver agreement, two authors independently used the
same technique and interpreted the same test cartridges on the
same day and documented their results in a written log, blinded
to each other’s interpretation. These observers were blinded to
the quantitative D-dimer result, the clinical outcome and the
other author’s interpretation. Quantitative D-dimer testing was
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performed simultaneously on the same blood sample used for
the qualitative assay in a CLIA-certified central clinical
laboratory using either the VIDAS automated ELISA or the
MDA immunoturbidimetric assay (bioMerieux Inc, Durham,
NC, USA). A positive D-dimer result was defined as a level
>500 ng/ml for both assays.

Pulmonary vascular imaging

The primary pulmonary vascular imaging (PVI) modality at our
institution is contrast-enhanced CT angiography of the chest
vasculature immediately followed by venous contrast phase
imaging from the popliteal fossae to the level of the inferior
vena cava to evaluate for deep venous thrombosis.” Each study is
interpreted by a board-certified radiologist with fellowship
training in chest radiology. In the case of documented allergy to
iodinated contrast material, baseline creatinine >1.5 mg/dl or in
patients exceeding the weight limit of the CT table
(440 pounds), ventilation-perfusion (V/Q) scintillation lung
scanning was performed and interpreted by board-certified
radiologists with fellowship training in nuclear medicine
radiology in accordance with the Prospective Investigation of
Pulmonary Embolism Diagnosis study criteria.'’ The radiologists
were unaware of the D-dimer results. Non-high risk patients
with negative D-dimer results were not required to undergo
PVL In these cases the final decision regarding PVI was made at
the discretion of the treating emergency physician.

Algorithm for evaluating PE

Patients were evaluated for PE using the combination of pretest
probability and D-dimer testing with selective use of PVIL. In
patients with a low or moderate unstructured clinical pretest
probability for PE, a negative qualitative assay and a quantita-
tive D-dimer test <500 ng/ml, PE was considered to be ruled
out. Patients with either a positive qualitative test or a
quantitative D-dimer >499 ng/ml and all patients with a high
pretest probability had mandatory PVI while still in the ED. All
patients had clinical follow-up at 45 days."" The criterion
standard for the diagnosis of PE required imaging (CT
angiography or venography, V/Q scanning or venous ultra-
sonography) that demonstrated new acute PE or new acute
deep venous thrombosis and the decision of the clinical team to
initiate anticoagulation or vena caval filtering within 45 days of
enrolment. We also considered any patient who died from
image- or necropsy-proven PE to be criterion standard positive
for PE.

Table 1 Clinical characteristics of the study cohort (N = 1193)
Characteristics N %
Female gender 790 66.2
Age >50 years 477 40.0
Heart rate >100 388 325
Immobilisation or surgery within 4 weeks 153 12.8
Alternative diagnosis less likely than PE 115 9.6
Previous PE or DVT 107 9.0
Shock index (HR/SBP) >1.0 83 7.0
Unexplained hypoxaemia 80 6.7
Suspected DVT 79 6.6
Active malignancy 62 5.2
Recent surgery 58 49
Unilateral leg swelling 52 4.4
Haemoptysis 29 2.4

DVT, deep venous thrombosis; PE, pulmonary embolism; HR, heart rate; SBP, systolic
blood pressure.
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Statistical analysis

Descriptive statistics including means, percentages and 95%
confidence intervals (Cls) were calculated. Test characteristics
for each assay were computed from the 2x2 diagnostic tables.
The confidence intervals for the likelihood ratios were
constructed using the likelihood-based approach to binomial
proportions of Koopman. The confidence intervals for all other
statistics are exact binomial confidence intervals constructed
using the method of Clopper and Pearson. Interobserver
agreement for the result of the qualitative assay was measured
by Cohen’s kappa. All analyses were performed using the
StatsDirect statistical software Version 2.5.8 (Cheshire, UK).

Sample size

We estimated the sample size at 1000 using the assumptions of
the same prevalence of PE and diagnostic results reported
previously and our predefined intention to narrow the top limit
of the 95% CI of the post-test prevalence of PE for patients with
a low clinical probability and a negative qualitative D-dimer to
<2.0%."

RESULTS
We enrolled 1193 patients from 1 January 2005 to 30 October
2005. The mean (SD) age of the study population was 47.4
(16.4) years and 790 (66%) were female. Before knowing the
results of diagnostic testing, the physicians recorded their
unstructured estimate of the pretest probability of PE to be
low (<15%) in 1007 (84%), moderate (15-40%) in 164 (14%)
and high (>40%) in 22 (2%). The clinical characteristics of the
study population are shown in table 1. Forty-five (3.8%, 95% CI
2.8% to 5.0%) met the criterion standard for the diagnosis of PE.
Figure 2 shows the disease prevalence stratified by the
physicians’ unstructured estimate of the pretest probability of
PE. The prevalence of PE was 2.3%, 6.7% and 50% for the low,
moderate and high pretest probability groups respectively.

Qualitative D-dimer assay

One hundred and ninety-two individual clinicians (physicians,

nurses and nursing assistants) performed and documented a

qualitative assay on a unique study participant. Table 2 shows

the test results of both D-dimer assays for the entire cohort.
The overall sensitivity of the qualitative assay was 91% (95%

CI 78 to 98%) with a specificity of 57% (95% CI 54 to 60%) and
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Figure 2 Distribution of the treating physician’s unstructured estimate
of the pretest probability of pulmonary embolism (PE). The bars show the
total number of patients in each subcategory divided into patients
without PE (open area) and patients with PE (filled area).
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Table 2 Comparison of test results for the entire cohort

Qualitative D-dimer*

Quantitative D-dimer+

Test result

+

Sensitivity (95% CI)

Specificity (95% Cl)

LR(-) (95% CI)

NPV (95% CI)

Post-test probability (—) (95% CI)

PE+ PE—
40 488
4 637

90.9% (78.3% to 97.5%)
56.6% (53.7% to 59.5%)
0.16 (0.06 to 0.37)

99.4% (98.4% to 99.8%)
0.62% (0.17% to 1.59%)

PE+ PE—
37 468
3 628

92.5% (79.6% to 98.4%)
57.3% (54.3% to 60.3%)
0.13 (0.05 to 0.35)
99.5% (98.6% to 99.9%)
0.48% (0.1% to 1.38%)

LR, likelihood ratio; NPV, negative predictive value.

*Results of the Simplify assay were not available for 24 subjects (2.1%), including one who was PE+.
TResults of the quantitative assay were not available for 57 subjects (4.8%), including five who were PE+.

a likelihood ratio negative of 0.16 (95% CI 0.06 to 0.37). Table 3
shows the results of both D-dimer assays according to the
physician’s unstructured pretest probability estimate.

Among patients with a low pretest probability (n = 1007, 23
PE+), the qualitative D-dimer test demonstrated sensitivity
equal to 82.6% and specificity equal to 60.5%. Among the
patients categorised with a moderate or high pretest probability
(n =164, 22 PE+), the qualitative assay demonstrated sensitivity
equal to 100% and specificity equal to 34% and 27%,
respectively.

Quantitative D-dimer assay

As shown in table 2, the quantitative assay demonstrated an
overall sensitivity of 93% (95% CI 80% to 98%) with a
specificity of 57% (95% CI 54% to 60%) and a likelihood ratio
negative of 0.13 (95% CI 0.05 to 0.35). Table 3 shows that, in
patients categorised as low pretest probability, the quantitative
D-dimer assay demonstrated test sensitivity equal to 90.5% and
specificity equal to 60.7%; in patients with a moderate pretest
probability the quantitative D-dimer assay demonstrated
sensitivity equal to 90% and specificity equal to 36%; and in
patients with a high pretest probability the quantitative D-
dimer demonstrated sensitivity equal to 100% and specificity
equal to 46%.

Interobserver agreement for the qualitative D-dimer assay at the
point of care

The interobserver agreement for the result of the qualitative
assay is shown in table 4. Because the interobserver agreement
required the presence of two study authors on the day of
testing, the 841 patients represented in table 4 were obtained
from a convenience sample. The observed agreement was 84%
with a weighted Cohen’s k of 0.69 (95% CI 0.63 to 0.76).

DISCUSSION
In this investigation we directly compared the diagnostic
accuracy of a commercially available qualitative D-dimer assay

(Simplify) with a quantitative automated D-dimer assay using
the manufacturer’s suggested threshold of 500 ng/ml as a cut-
off value. The main advantage of the Simplify assay over the
various laboratory-based quantitative techniques is that it can
be performed and interpreted rapidly at the bedside without a
machine. Moreover, the test cartridges and reagents are compact
and can be stored at room temperature, allowing for easy
portability and testing in locations remote from the hospital or
clinical laboratory or at times when laboratory resources are not
readily available.

We found that the two assays had similar sensitivity and
specificity. In this study the qualitative D-dimer assay had a
lower specificity than in our previous study (57% (95% CI 54%
to 60%) vs 72.5% (95% CI 71% to 74%)) and there was a trend
towards a higher sensitivity (91% (95% CI 78% to 98%) vs 81%
(95% CI 72% to 88%)). In addition to performing two D-dimer
assays in real time, the present study has several other design
differences from our previous work. First, this study mandated a
D-dimer assay to be performed for all patients undergoing any
objective diagnostic test for PE, regardless of clinical suspicion
for PE, whereas in our previous work clinicians could omit the
D-dimer assay in patients with a high pretest probability of PE.
As shown in table 3, the sensitivity of the Simplify assay was
100% in both the moderate and high pretest probability groups.
Removing the high-risk patients would therefore be expected to
shift the sensitivity towards the lower value seen in the low-risk
group (83%). As the current work included all patients
regardless of pretest probability, we feel it is a more accurate
demonstration of the overall test performance. Despite the
inclusion of patients with high pretest probability, the there
was a downward trend for the prevalence in the present study
compared with our previous report (3.8% vs 4.7%).

Second, in the present study the Simplify assays were
performed in the ED using citrate-anticoagulated venous blood
by 192 different registered nurses, nursing assistants and
physicians. We also found good interobserver agreement as
measured by the weighted Cohen’s k of 0.69 (95% CI 0.63 to
0.76).” However, the interpretation was discordant among the

Table 3 Comparison of test results based on pretest probability assessment

Pretest probability Diagnostic index Qualitative D-dimer

Quantitative D-dimer

Low (n=1007) Sensitivity (95% CI)
Specificity (95% Cl)
Moderate (n = 164) Sensitivity (95% CI)
Specificity (95% Cl))
High (n = 22) Sensitivity (95% ClI)
Specificity (95% Cl)

82.6% (61.2% to 95.1%)
60.5% (57.3% to 63.6%)
100% (71.5% to 100%)
34.0% (26.5% to 42.2%)
100% (69.2% to 100%)
27.3% (6.0% to 61.0%)

90.5% (69.6% to 98.8%)
60.7% (57.5% to 63.8%)
90% (55.5% to 99.8%)
35.9% (28.0% to 44.4%)
100% (66.4% to 100%)
45.5% (16.8% to 76.6%)
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Table 4 Interobserver agreement for the interpretation
of the Simplify assay (n = 841)
Observer 2
Observer 1 Negative Positive
Negative 361 12
Positive 19 349

Observed agreement: 84%
« = 0.69 (95% Cl 0.63 to 0.76)

observers in 16% of tests. As this is the first study to measure
the interobserver agreement for this assay, the significance of
these findings remains unclear. Certainly, as with any diag-
nostic test, clinical protocols incorporating the Simplify D-
dimer assay require adequate initial training, periodic reassess-
ment of testing competency and a structured quality assurance
programme to maximise patient safety. In our previous work a
small group of respiratory therapists performed the Simplify
assay on heparin-anticoagulated arterial blood and, in that
study, we did not measure interobserver agreement.

During the study period the clinical laboratory at our
institution changed from the MDA immunoturbidimetric D-
dimer assay to the VIDAS automated ELISA. Overall, the MDA
and VIDAS assay were performed in 859 and 277 patients,
respectively. While the assay methods differ, meta-analyses
have shown that they possess similar test characteristics.*”
Furthermore, subgroup analysis of our data revealed no
significant differences in diagnostic accuracy between the assays
(data not shown). As our primary aim was to compare the
relative performances of the qualitative and quantitative tests,
we felt it prudent to combine the data for the two quantitative
assays.

Another important point is that our study protocol did not
mandate PVI for non-high risk patients with negative results on
both D-dimer assays. It is possible that a subset of these
patients had PE at the index visit with natural resolution of
their symptoms by 45 days. While unlikely, this incorporation
bias may have caused the D-dimer tests to ‘“‘overperform”.
Requiring all patients to undergo PVI regardless of pretest
probability would have been logistically and ethically proble-
matic.

We and others have postulated that diagnostic strategies to
exclude PE should result in a posterior probability of PE of
<1%." This goal was accomplished by both the qualitative and
quantitative D-dimer assays (when negative) in all patients
deemed low risk by the physician’s unstructured estimate of the
pretest probability of PE. We observe that the qualitative assay
had 100% sensitivity in patients judged to have a moderate or
high pretest probability for PE and it is possible that this test
may be used to safely exclude PE even in these non-low risk
patients. However, given that our study was conducted in a low
prevalence population with a limited number of non-low risk
patients and that the observed lower limits of the 95%
confidence intervals for these sensitivities were 72% and 69%,
we believe that further study is needed before this strategy can
be advocated for the exclusion of PE in non-low risk patients.

The remarkably low prevalence of venous thromboembolism
in our study population may be explained in part by the
clinicians’ unimpeded access to the Simplify qualitative assay
and its results in the ED during the study. We attempted to
control overuse of the qualitative test by requiring the formal
quantitative D-dimer assay to be performed and by publishing
the protocol requirement that PVI could not be withheld solely
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on the basis of a negative qualitative D-dimer test. The
prevalence of PE in published diagnostic studies performed in
North America has steadily declined over the past several years,
possibly as a consequence of the physicians’ perceived risk of
medical malpractice." Additional socioeconomic factors prob-
ably contribute to this trend, including lack of adequate
outpatient clinic care in the urban ED population.” '* Within
this setting, the D-dimer assay is an attractive—if imperfect—
screening test that avoids the significant cost and exposure to
ionising radiation associated with current PVI modalities.

Relevant to this discussion is evidence that PE can be excluded
solely based on information gathered at the bedside. Our group
has previously derived and validated an eight-variable block rule
that uses information from the history, physical examination
and pulse oximetry measurement to identify very low risk
patients (pretest probability <2%) in whom PE can be excluded
clinically without further testing."” Applying this rule to the
current study cohort would have decreased D-dimer testing by
322 patients at the cost of missing 2 cases of PE (posterior
probability 0.62%, 95% CI 0.08% to 2.23%).

In conclusion, we found no significant difference in the
diagnostic accuracy of the bedside Simplify D-dimer assay
compared with the laboratory-based quantitative test in a low
prevalence population in the ED. When negative, both tests
resulted in a posterior probability of PE of <1%. The
interobserver agreement on the results of the Simplify D-dimer
assay was good, based on a Cohen’s k of 0.69. These data
support further investigation of the Simplify D-dimer assay as
part of a management strategy to exclude PE at the point of
care.
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Images in emergency medicine

Circumferential aortic dissection

A 30-year-old woman with clinical fea-
tures of Marfan’s disease was referred to
our institution with acute chest pain and
profound hypotension requiring inotropic
and vasoactive support, together with
mechanical ventilation. At admission she
was haemodynamically unstable, and a
grade 2/6 diastolic murmur was heard at
the left parasternal area. Transthoracic
and transoesophageal echocardiography
showed an aneurysmatic ascending aorta
with a DeBakey type I aortic dissection
causing severe aortic regurgitation. The
left ventricle was dilated and left ventri-
cular systolic function severely depressed
with an ejection fraction of 10%.
Transverse sections of the ascending aorta
showed that the dissection affected the
360° of the proximal aortic circumference
(fig 1). A large horizontal intimal tear was
found to be located 3 cm above the aortic
valve plane, and the dissection extended
to the distal thoracic descending aorta.
Unfortunately, the patient had a cardiac
arrest which could not be reversed and
died shortly after admission.
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