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Study objective: We determine the accuracy of an age-adjusted D-dimer threshold to detect pulmonary embolism in
emergency department (ED) patients older than 50 years and describe current ED practices when evaluating possible
pulmonary embolism.
Methods: This was a retrospective study of ED encounters for suspected pulmonary embolism from 2008 to 2013. We
used structured data to calculate the sensitivity, speciﬁcity, negative predictive value, and positive predictive value of
different D-dimer thresholds. We describe the incidence of pulmonary embolism, the proportion of patients receiving
imaging concordant with D-dimer levels, and the number of “missed” pulmonary embolisms. These ﬁndings were used
to estimate patient outcomes based on different D-dimer thresholds.
Results: Among 31,094 encounters for suspected pulmonary embolism, there were 507 pulmonary embolism
diagnoses. The age-adjusted D-dimer threshold was more speciﬁc (64% versus 54%) but less sensitive (93% versus 98%)
than the standard threshold of 500 ng/dL; 11,999 imaging studies identiﬁed 507 pulmonary embolisms (4.2%); of
these, 1,323 (10.6%) were performed with a D-dimer result below the standard threshold. Among patient encounters
without imaging, 17.6% had D-dimer values above the threshold, including 5 missed pulmonary embolisms. Among
patients who received imaging, 10.6% had a negative D-dimer result. Applying an age-adjusted D-dimer threshold to our
sample would avert 2,924 low-value imaging tests while resulting in 26 additional cases of missed pulmonary embolism.
Conclusion: An age-adjusted D-dimer limit has the potential to reduce chest imaging among older ED patients and is
more accurate than a standard threshold of 500 ng/dL. Our ﬁndings support the adoption of an age-adjusted D-dimer
cutoff in community EDs. [Ann Emerg Med. 2016;67:249-257.]
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INTRODUCTION
Background
Pulmonary embolism can be a difﬁcult condition to
diagnose because the symptoms vary widely, and the risks
and costs of diagnostic testing with computed tomography
(CT) pulmonary angiography should ideally be avoided
in patients with a low likelihood of pulmonary embolism.
To limit the number of patients receiving advanced
imaging, current recommendations suggest initial D-dimer
testing for those who are at low to moderate risk.1,2
The conventional threshold for a positive test result is
500 ng/dL, with recommendations to order imaging for
results above that level. This cutoff has excellent sensitivity
but low speciﬁcity. Among patients who have a D-dimer
test result above 500 ng/dL, only a small proportion
Volume 67, no. 2 : February 2016

actually have a pulmonary embolism, and the speciﬁcity
worsens with age because of age-related increases in normal
D-dimer concentrations.3-8 Low speciﬁcity results in more
false-positive D-dimer values, leading to more imaging,
which increases costs and potential harms from exposure to
ionizing radiation and iodinated contrast agents. The latter
is particularly important because although speciﬁcity
decreases with age, the susceptibility to contrast-induced
complications increases.9-11
Importance
The importance of appropriately evaluating emergency
department (ED) patients with suspected pulmonary
embolism was elevated recently when the American College
of Emergency Physicians included the issue in its most
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Editor’s Capsule Summary

What is already known on this topic
D-dimer normally increases with age, and adjusting
for age can alter test speciﬁcity when pulmonary
embolism is considered.
What question this study addressed
What is the false-negative rate for pulmonary
embolism with age-adjusted D-dimer in a large
sample?
What this study adds to our knowledge
This retrospective analysis of 31,094 patients with
suspected pulmonary embolism and D-dimer showed
that the false-negative rate at the standard cutoff was
0.06% (95% conﬁdence interval [CI] 0.03% to
0.11%), and the false-negative rate for the ageadjusted cutoff was 0.18% (95% CI 0.1% to
0.25%), both independent of the pretest probability.
How this is relevant to clinical practice
These data support the use of D-dimer and age
adjustment to further aid ability to exclude acute
pulmonary embolism.

recent Choosing Wisely list of practices to be questioned.12
Recent reports have emphasized the use of an age-adjusted
(age10) D-dimer threshold for patients older than
50 years, showing that these cutoffs can maintain high
sensitivity while increasing speciﬁcity.7,8,13-20 However,
these studies are limited by small samples and referral
center bias.13 This study has broader generalizability
because we evaluated a large number of patients from
community EDs serving a diverse patient population.
Validating recent reports on the performance of an ageadjusted D-dimer for community EDs in the United States
will clarify the beneﬁts of adopting this practice or highlight
its limitations in improving the safety, efﬁciency, and
affordability of ED care.3,21
We also describe rates of nonadherence to evidencebased recommendations during the ED evaluation of
patients with suspected pulmonary embolism. This is a
key step in optimizing the value of emergency medicine
in the United States and can help ED leaders and
administrators to prioritize improvement efforts. Without
this understanding, it is impossible to know whether efforts
should target decreasing use of laboratories and imaging
or increasing the use of these tools to decrease missed
pulmonary embolism diagnoses.
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Goals of This Investigation
The primary aim of this study is to evaluate the sensitivity
and speciﬁcity of an age-adjusted D-dimer threshold in
detecting pulmonary embolism among patients older than
50 years. The secondary aims are to (1) compare an ageadjusted limit to the current standard threshold (500 ng/dL),
as well as a higher ﬁxed limit (1,000 ng/dL)22; and (2)
describe the frequency of pulmonary embolism among
patients receiving advanced imaging, the proportion of
patients receiving low-value imaging with a negative Ddimer test result, the percentage of those who did not receive
imaging after a positive D-dimer test result, and the number
of “missed” pulmonary embolisms identiﬁed within 30 days
of initial ED visit. Last, we use our data and past reports of the
frequency of contrast nephropathy to estimate outcomes
based on different D-dimer thresholds.
MATERIALS AND METHODS
Study Design and Setting
We performed a retrospective study of ED encounters for
suspected pulmonary embolism within Kaiser Permanente
Southern California, a large integrated health care system
that serves more than 4 million members, representative of
the diversity of Southern California. The 14 EDs operated by
Kaiser Permanente Southern California range in annual
volume from 25,000 to 90,000 and collectively treat
approximately 900,000 patients per year. During the study,
no emergency medicine residency existed; therefore, all tests
were ordered by fully trained physicians.
We used structured data from electronic health and
administrative records collected during routine clinical
care and operations.23-25 To ensure we captured every
pulmonary embolism diagnosis, we also included claims for
care received outside the health system within the given
period. The sample was limited to patients with continuous
membership for 30 days after the encounter. Data were
extracted by trained research staff experienced in the
collection and analysis of Kaiser Permanente’s structured
data and veriﬁed by the research team to ensure accuracy.
Human subjects approval was obtained through the Kaiser
Permanente Southern California Institutional Review Board.
Selection of Participants
We included all ED visits for Kaiser Permanente Southern
California members older than 50 years, from 2008 to
2013, who received a D-dimer test (Current Procedural
Terminology code 85379). There are several D-dimer
assays,26 but a rapid, highly sensitive, immunoturbidimetric
assay is used at all Kaiser Permanente Southern California
facilities. This study aimed to identify patients with a possible
Volume 67, no. 2 : February 2016
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pulmonary embolism, not deep venous thrombosis; therefore,
we included only patients presenting with a chief complaint
we considered related to a possible pulmonary embolism,
such as chest pain or dyspnea (for a complete list see Figure 1),
and excluded those who underwent ultrasonographic imaging
evaluation for deep venous thrombosis. We also sought to
capture the initial evaluation of a possible new pulmonary
embolism and therefore excluded patients with a pulmonary
embolism diagnosis in the previous 90 days (Figure 2).
Methods of Measurement
The unit of analysis was the patient visit. We gathered
the following individual patient characteristics: age, sex,
race, Elixhauser comorbidities,27 pulse rate (tachycardia
>100 beats/min), and hypoxia (oxygen saturation <95%)
(Table 1). The Elixhauser index is a validated measure of
comorbidity burden and was calculated with International
Classiﬁcation of Diseases, Ninth Revision (ICD-9) diagnosis
codes.28 Additionally, we identiﬁed patients with a history

Figure 1. Complete list of chief complaints related to a
possible pulmonary embolism. CTR, Center; CHF, congestive
heart failure; URI, upper respiratory infection.
Volume 67, no. 2 : February 2016

of thrombophilia (ICD-9 code 289.81). Because of the
known increased risk in pulmonary embolism attributed to
cancer, we used Elixhauser codes (ICD-9 codes 140 to 203)
to speciﬁcally identify patients with a cancer diagnosis in
the past year. We also identiﬁed 30-day mortality for
patients in each group through Kaiser Permanente
Southern California’s clinical and administrative data and
the California death registry.
The primary outcome of our analysis was an encounter
diagnosis of acute pulmonary embolism (ICD-9 codes
415.11, 415.13, and 415.19). A random sample of 30
chart reviews was performed, showing this diagnosis was
95% accurate because 5% of charts did not include an
acute pulmonary embolism, but included a diagnosis based
on a history of pulmonary embolism. We created
individualized D-dimer cutoff by multiplying the patient’s
age in years by 10.14 These dichotomous D-dimer limits
were aggregated to calculate sensitivity, speciﬁcity, positive
predictive value, and negative predictive value for the ageadjusted threshold. Similarly, the current D-dimer limit
(500 ng/dL) and a higher ﬁxed cutoff (1,000 ng/dL)15 were
used to calculate and compare sensitivities, speciﬁcities,
positive predictive values, and negative predictive values.
To describe the proportion of ED patients receiving
advanced imaging in the evaluation of possible pulmonary
embolism, we identiﬁed from our cohort patients receiving
CT pulmonary angiography, ventilation-perfusion scan,
pulmonary angiography, or chest magnetic resonance
angiography (Current Procedural Terminology codes
71260, 71270, 71275, 71555, 78579, 78580, 78582,
78584, 78585, 78586, 78587, 78588, 78591, 78593,
78594, 78596, 78597, 78598, 93451, and 93568). We
included only imaging performed within 24 hours after ED
arrival. We also stratiﬁed the overall sample by patients
receiving imaging who had a D-dimer result below the
standard cutoff during this study (500 ng/dL) and those
who did not receive imaging despite a D-dimer result above
the cutoff. We performed chart review on a random sample
of 30 encounters for each of these groups to understand
why the use or avoidance of imaging was discordant with
current recommendations.
To identify any missed pulmonary embolism diagnoses,
we report patients who neither received a pulmonary
embolism diagnosis nor underwent imaging to identify
pulmonary embolism at the initial ED encounter, but
subsequently received a pulmonary embolism diagnosis
within 30 days of the index ED encounter. Chart review
was performed on each of these encounters to determine
whether it was likely these patients had a pulmonary
embolism that was missed at the initial ED visit or
developed a pulmonary embolism within 30 days. Each
Annals of Emergency Medicine 251
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within 30 days of the ED encounter and then stratiﬁed
results by those who received imaging and those who did
not. We tabulated the number of these adverse outcomes
expected, along with diagnoses of pulmonary embolism
that were identiﬁed or missed, according to different
D-dimer thresholds. We used the results to estimate the
number of patients who would receive imaging according
to the different D-dimer thresholds and then normalized
these numbers to events per 10,000.

Figure 2. Cohort of Kaiser Permanente ED patients (50
years) receiving D-dimer tests for PE from 2008 to 2013. PE,
Pulmonary embolism.

case was discussed among our research team to reach a
consensus. Patients identiﬁed as likely having a pulmonary
embolism at the initial ED visit were reclassiﬁed into the
pulmonary embolism outcome group for sensitivity and
speciﬁcity calculations of the different D-dimer limits.
Similarly, chart review of the patients who received a
pulmonary embolism diagnosis but had no imaging
(n¼27) found that 7 patients did not have an acute
pulmonary embolism but had a history of pulmonary
embolism. These 7 patients’ data were placed in the no
pulmonary embolism group for analyses.
Last, we used published estimates29 to predict the
number of cases of contrast-induced nephropathy,
episodes of severe renal failure, and deaths related to
contrast-induced nephropathy according to the sensitivity
and speciﬁcity of the different D-dimer thresholds. We
relied on previously published prospective ﬁndings, which
reported that the risks of contrast-induced nephropathy,
renal failure, and death related to contrast-induced
nephropathy were 11%, 0.9%, and 0.6%, respectively.29
To compare our results with these estimates, we identiﬁed
patients with an acute kidney injury (ICD-9 code 584.x) or
unspeciﬁed kidney failure diagnosis (ICD-9 code 586)
252 Annals of Emergency Medicine

RESULTS
Characteristics of Study Subjects
We identiﬁed 31,094 ED patients older than 50 years
who were evaluated for pulmonary embolism from 2008 to
2013 (Figure 2). The mean age was 65 years and 61% were
women. The mean Elixhauser score was 4.1, 10.3% had
received a cancer diagnosis in the past year, and 0.4% had
thrombophilia. The sample had the following distribution
by race: 46.7% white, 27.9% Hispanic, 15.1% black,
9.0% Asian or Paciﬁc Islander, and 1.3% other. Overall,
19.3% of patients were tachycardic on ED presentation,
17.7% were hypoxic, and 1.3% died within 30 days of the
encounter. Statistically signiﬁcant differences (P<.001)
existed for each of these variables when patients who
received a diagnosis of a pulmonary embolism were
compared with those without pulmonary embolism, with
the exception of thrombophilia (Table 1).
Main Results
The age-adjusted D-dimer threshold was 92.9% sensitive
and 63.9% speciﬁc, with a positive predictive value of 4.1%
and a negative predictive value of 99.8% for detecting
pulmonary embolism. The limit of 500 ng/dL yielded a
sensitivity of 98.0% and speciﬁcity of 54.4%, with a positive
predictive value of 3.4% and a negative predictive value of
99.9% for detecting pulmonary embolism. A cutoff of 1,000
ng/dL was 84.2% sensitive and 75.4% speciﬁc, with a
positive predictive value of 5.4% and a negative predictive
value of 99.7% for detecting pulmonary embolism. During
the 6-year study period, the expected number of missed or
delayed pulmonary embolism diagnoses because of falsenegative D-dimer test results would have been 36 with the
age-adjusted threshold, 10 with the threshold of 500 ng/dL,
and 80 with the threshold of 1,000 ng/dL (Figure 3). In our
sample, only 1 patient died within 30 days of the ED
encounter. This individual died in hospice of severe heart
failure, with a known pulmonary embolism and a D-dimer
value below 500 ng/dL.
Overall, 12,486 patients (40.2%) received an imaging
study to evaluate for pulmonary embolism, of which
Volume 67, no. 2 : February 2016
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Table 1. Individual characteristics for our sample of patients evaluated for pulmonary embolism at one of 14 community EDs in Southern
California from 2008 to 2013.
Patient Characteristics
Age, mean (SD), y
Female, %
Race, %
White
Black
Hispanic
Asian/Paciﬁc Islander
Other
Elixhauser index, mean (SD)
Cancer in past year, %
Thrombophilia, %
Tachycardia (>100 beats/min), %
Hypoxia (<95% oxygen saturation), %
30-Day mortality

Total (n[31,094)

No PE (n[30,580)

PE (n[514)

65.0 (10.9)
61.0

65.0 (10.9)
61.2

69.6 (11.1)
48.5

46.7
15.1
27.9
9.0
1.3
4.1 (3.1)
10.3
0.4
19.3
17.7
1.3

46.5
15.1
28.0
9.0
1.4
4.1 (3.1)
10.2
0.4
19.1
17.3
1.2

59.3
18.0
19.5
2.8
0.4
5.9 (3.2)
20.1
0.4
30.7
38.8
3.2

SD, Standard deviation.

87% were CT pulmonary angiography, 10.5% were
pulmonary perfusion scans, and 2.5% were chest CTs with
contrast. Of the patients who received imaging, 1,323
(10.6%) had a D-dimer result below the threshold of 500
ng/dL. Random chart review of 30 of these encounters
showed that one third of providers documented that the
purpose of imaging was to rule out other possible causes
beyond pulmonary embolism, such as aortic dissection.
Among 18,608 patients who did not receive imaging,

17.6% had a D-dimer value above the cutoff of 500
ng/dL (Table 2). Random chart review of 30 of these
encounters showed that 60% had clinical explanations
about their decision to omit further pulmonary embolism
evaluation in the setting of a positive D-dimer result. We
identiﬁed 5 patients with missed pulmonary embolisms
(2.3%) at the initial encounter that were subsequently
detected within 30 days, all of whom had a D-dimer
concentration that was greater than the age-adjusted

Figure 3. A comparison of the accuracy of different D-dimer thresholds to identify PEs in ED patients older than 50 years, using 3
different cutoff points.* CI, Conﬁdence interval; PPV, positive predictive value; NPV, negative predictive value.
Volume 67, no. 2 : February 2016
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Table 2. A description of emergency provider practice from 2008
to 2013 in evaluating patients with a possible pulmonary
embolus.*
D-dimer
Positive (%)
Negative (%)

Scan

No Scan

Total

11,163 (89.4)
1,323† (10.6)
12,486

3,271 (17.6)
15,337 (82.4)
18,608

14,434
16,660
31,094

*We show the number of patients receiving chest imaging (scan) or not (no scan),
stratiﬁed by D-dimer concentrations above (positive) or below (negative) a 500 ng/dL
limit.
†
Of patients receiving a scan with a negative test result, 8 (0.6%) had a PE.

threshold and greater than or equal to 1,000 ng/dL in
absolute value.
In 2013, 89% of imaging tests for pulmonary embolism
were CTs and the remaining 11% were perfusion studies or
magnetic resonance imaging. We estimate that using an
age-adjusted D-dimer value would have resulted in 1,266
cases of contrast-induced nephropathy (95% conﬁdence
interval [CI] 1,036 to 1,611 cases), 115 cases of severe renal
failure (95% CI 38 to 228 cases), and 72 deaths related to
contrast-induced nephropathy (95% CI 25 to 177 deaths).
The threshold of 500 ng/dL would result in 1,588 cases of
contrast-induced nephropathy (95% CI 1,299 to 2,021
cases), 144 cases of severe renal failure (95% CI 48 to 286
cases), and 91 contrast-induced nephropathy–related
deaths (95% CI 32 to 222 deaths). The limit of 1,000
ng/dL would lead to 874 episodes of contrast-induced
nephropathy (95% CI 715 to 1,113 episodes), 79 cases
of severe renal failure (95% CI 26 to 157 cases), and 50
contrast-induced nephropathy–related deaths (95% CI 17
to 122 deaths). These results were used to create estimates
for events per 10,000 suspected pulmonary embolism
encounters (Table 3). Among patients who underwent
imaging in our study sample, there was an excess of 0.74%
cases of acute kidney injury or unspeciﬁed renal failure
compared with that for patients who did not undergo CT
pulmonary angiography. This observed 0.74% difference

was similar to the 0.9% incidence that we applied from the
literature when we estimated cases of contrast-induced
renal failure.29
LIMITATIONS
These results must be interpreted in the context of a
retrospective observational study design. Speciﬁcally, we
used ICD-9 codes derived from the ED diagnosis list as the
primary outcome. The lack of prospective data collection
may have affected our reported performance of various Ddimer cutoffs. The application of any threshold to different
samples may have differing results because of evaluation
and spectrum biases related to the population of interest.
Also, variability may exist in the interpretation of imaging,
and this may entail inaccuracies. However, we believe that
this reference standard is most relevant to the real-world
practice settings in which most patients receive care.
Review of missed pulmonary embolisms was conducted by
the research team, the details of the encounters and the
timing of subsequent pulmonary embolism were discussed,
and through consensus the group determined whether
the pulmonary embolism was likely to have been present
at the initial encounter. This approach may have some
unmeasured bias because the research team was not blinded
to the eventual pulmonary embolism diagnosis.
Our study does not evaluate the use of common decision
rules, such as Wells30 or pulmonary embolism rule-out
criteria,31 but all pulmonary embolism decision rules
recommend further diagnostic testing for a positive D-dimer
test result and omitting advanced imaging for a negative
D-dimer result. We found, however, that a substantial
number of patients received diagnostic testing contrary
to current recommendations. We also acknowledge the
controversy surrounding contrast-induced nephropathy32
and the potential for error in applying previously published
results to our analysis of D-dimer thresholds. However,
we were not able to compare cases of actual adverse events

Table 3. Estimated clinical consequences associated with different D-dimer thresholds used to prompt imaging in the evaluation of low- to
moderate-risk patients with suspected pulmonary embolus.*
Clinical Consequence (95% CI)
Threshold

Diagnosed PE

Missed PE

Potential CTPAs

CIN

Severe Renal Failure

Death Related to CIN

500 ng/dL
1,000 ng/dL
Age adjusted†

160 (144–174)
137 (115–159)
151 (133–169)

6 (0–16)
35 (28–40)
18 (10–26)

4,642 (4,582–4,702)
2,556 (2,473–2,639)
3,702 (3,632–3,772)

511 (418–650)
283 (230–359)
409 (333–520)

44 (15–92)
24 (8–51)
35 (12–74)

29 (7–73)
16 (4–40)
23 (6–58)

CTPA, CT pulmonary angiography; CIN, contrast-induced nephropathy.
*Estimates are based on the use of the most common mode of diagnostic imaging for PE, CT pulmonary angiography. Our estimates are based on sensitivities and speciﬁcities
calculated from our sample of 31,094 ED patients aged 50 years or older and evaluated for PE, and on previously reported risks of CIN, severe renal failure, and associated death
from CT imaging with contrast.29 We report expected events per 10,000 suspected PE encounters.
†
The age-adjusted threshold is derived by multiplying the patient’s age by 10.
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because comparisons between thresholds were hypothetical.
We conﬁrmed that patients receiving imaging in our sample
had a higher percentage of acute kidney injury, similar
to estimates we derived from literature review (0.7%
versus 0.9%). Therefore, we used published data to
estimate the potential numbers of adverse events to better
understand the risks and beneﬁts of different D-dimer
thresholds.

DISCUSSION
In this large retrospective cohort study, we found that an
age-adjusted D-dimer threshold was more speciﬁc but less
sensitive than a conventional threshold of 500 ng/dL and
resulted in approximately 20% fewer false-positive test results
requiring follow-up imaging. These results conﬁrm other
recent reports and extend generalizability about the potential
beneﬁts of using this D-dimer cutoff for patients older than
50 years who are treated in a community ED setting.14,33
In addition, we found that approximately 40% of
ED patients with suspected pulmonary embolism received
advanced chest imaging, including 11% who had a
D-dimer value below the conventional threshold
recommended to prompt radiologic testing. Conversely,
among patients who did not receive chest imaging, 17.6%
had a D-dimer concentration above the threshold for a
positive test result. Further review of these “low-value”
encounters appeared to indicate that D-dimer testing is
frequently incorporated into general laboratory ordering
practices, without thoughtful consideration of how it may
change further management regardless of a positive or
negative test result. With our study design, we were not
able to determine to what extent providers overused
laboratory testing, imaging, or both, but clearly there is
room for improvement in the application of evidence-based
practices. In this study, missed pulmonary embolisms were
rare (2.3%). Our results show the prevalence of pulmonary
embolism to be lower than that previously reported.13,34
We hypothesize this was due to differences in the patient
populations treated at academic medical centers and
community hospitals, and possibly higher rates of imaging
test use in community ED practice.
Finding balance between sensitivity and speciﬁcity is
always an important and difﬁcult consideration when
laboratory thresholds are used to prompt further evaluation
or treatment. An important consideration in setting a
D-dimer cutoff is the current trend in the detection of minor,
nonlife-threatening pulmonary embolisms.35,36 Because an
increasing proportion of pulmonary embolisms are of
uncertain signiﬁcance, the risks of missed pulmonary
embolism are inherently smaller than in previous years,
Volume 67, no. 2 : February 2016

and there is evidence to suggest that delayed diagnosis is not
necessarily associated with a worse outcome.37,38 Our results
support previous ﬁndings, with only 1 death at 30 days for
our community ED patients with a pulmonary embolism. In
comparison, the risks of pulmonary angiography are small
but not trivial, especially among the elderly and patients with
multiple chronic conditions.9-11,39-44 Our estimates show
that using an age-adjusted D-dimer threshold would miss or
delay diagnosis of 26 more pulmonary embolisms than the
current standard, but it would prevent 322 cases of contrastinduced nephropathy, 29 cases of severe renal failure, and
19 deaths related to contrast-induced nephropathy in this
sample. The cutoff of 1,000 ng/dL had the best speciﬁcity
(75.4%) and is another threshold that has merit and warrants
consideration, but we believe that the sensitivity is too
low (84.2%) to justify use in current clinical practice. A
more tailored increase in the age-adjusted method accounts
for the physiologic changes between a 51-year-old and a
100-year-old, which is not accounted for in the threshold of
1,000 ng/dL.
Beyond the performance of an age-adjusted D-dimer
limit, this study found that the use of follow-up imaging was
not always consistent with recommendations from current
guidelines. For example, 10.6% of patients receiving CT
pulmonary angiography or a ventilation-perfusion scan
had a D-dimer value less than 500 ng/dL, and 22.7% of
patients with a D-dimer value above 500 ng/dL did not
receive ultrasonography or chest imaging. Given current
recommendations, it is unclear why physicians would order
a D-dimer test and not pursue further testing among
patients with a positive result. Fortunately, few patients
in our sample had missed pulmonary embolisms, but all
of them had a D-dimer value greater than 1,000 ng/dL
and did not undergo subsequent imaging. Similarly, it
is not clear whether the use of imaging among patients
with a negative D-dimer test result reﬂects inappropriate
use of the D-dimer test in patients with a high pretest
probability of pulmonary embolism or unnecessary use of
imaging after incorrect interpretation of the D-dimer test
result. In either case, the ﬁnding suggests a need to
implement recommendations such as the pulmonary
embolism rule-out criteria, now supported through the
American College of Emergency Physicians’ Choosing
Wisely campaign.12
We conclude that an age-adjusted D-dimer limit has the
potential to reduce unnecessary or low-value chest imaging
among ED patients older than 50 years, but application of
a Bayesian approach to alternative D-dimer thresholds
remains important. Our research validates previous reports
in a community setting and supports an age-adjusted
D-dimer threshold in similar EDs. We believe this change
Annals of Emergency Medicine 255
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would improve outcomes for patients and affordability for
health systems. However, our results also show that further
efforts are needed to implement current recommendations
in the ED management of patients with suspected
pulmonary embolism.
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