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ARTICLE INFO ABSTRACT

Background: Diagnosing pulmonary embolism (PE) in the emergency department (ED) can be challenging be-
cause its signs and symptoms are non-specific.
Objective: We compared the efficacy and safety of using age-adjusted D-dimer interpretation, clinical probability-
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P = Design/methods: We performed a health records review at two emergency departments over a two-year period.
eywords: . We reviewed all cases where patients had a D-dimer ordered to test for PE or underwent CT or VQ scanning for

Pulmonary embolism . . P .

D-dimer PE. PE was considered to be present during the emergency department visit if PE was diagnosed on CT or VQ

(subsegmental level or above), or if the patient was subsequently found to have PE or deep vein thrombosis dur-
ing the next 30 days. We applied the three D-dimer approaches to the low and moderate probability patients. The
primary outcome was exclusion of PE with each rule. Secondary objective was to estimate the negative predictive
value (NPV) for each rule.
Results: 1163 emergency patients were tested for PE and 1075 patients were eligible for inclusion in our analysis.
PE was excluded in 70.4% (95% CI 67.6-73.0%), 80.3% (95% CI 77.9-82.6%) and 68.9%; (95% CI 65.7-71.3%) with
the age-adjusted, clinical probability-adjusted and standard D-dimer approach. The NPVs were 99.7% (95% CI
99.0-99.9%), 99.1% (95% CI 98.3-99.5%) and 100% (95% CI 99.4-100.0%) respectively.
Conclusion: The clinical probability-adjusted rule appears to exclude PE in a greater proportion of patients, with a
very small reduction in the negative predictive value.

Crown Copyright © 2018 Published by Elsevier Inc. All rights reserved.

Diagnostic imaging

1. Introduction

Diagnosing pulmonary embolism (PE) in the emergency depart-
ment (ED) can be challenging because the symptoms and signs of PE
are often non-specific, such as fatigue, breathlessness and chest pain.
Consequently, PE can be over-investigated by ED physicians because it
may be suspected in patients who present with a broad range of symp-
toms. For instance, in North America only about 5% of patients who are
investigated for PE have the diagnosis confirmed [1-3]. Furthermore,
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imaging for PE is increasing much more quickly than population growth
and the rate of positive scans is decreasing [4, 5]. The ED is now often the
most common place that CT angiograms are ordered within hospitals
[6-9]. As a result, CT pulmonary angiography is one of the top five
overused tests identified by the American College of Chest Physicians
and the American Thoracic Society in their ‘Choosing Wisely’ campaign
[10]. In North America, there is marked variation in PE diagnostic prac-
tices among ED physicians with some using gestalt and others using
clinical decision rules [11, 12].

CT angiography has several disadvantages. Firstly, the average life-
time risk for cancer from a single CT pulmonary angiogram varies
from 57/100,000 for females 17-19 years old to 8/100,000 for males
and females 80-89 years old [13]. Second, CT angiograms delay patient
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flow and prolong ED visits. Third, CT angiograms tie up hospital re-
sources and are expensive.

Use of clinical probability assessment and D-dimer testing have been
shown to reduce the use of CT angiography in patients who are
suspected of having PE [7, 14]. PE is excluded with a low or moderate
clinical probability and a negative D-dimer test [15]. Recent efforts
have focused on increasing the proportion of patients with suspected
PE who are categorized as having a negative D-dimer result so that
more patients can have PE excluded without the need for imaging stud-
ies. Righini et al. validated a strategy for exclusion of PE which uses a
progressively higher D-dimer cut-off to categorize results as abnormal
as patient's age increases above 50 years (i.e., age x 10, termed “age-ad-
justed D-dimer interpretation”) [16]. Linkins et al. validated a strategy
for exclusion of deep vein thrombosis (DVT) which uses a D-dimer
cut-off that is twice as high in patients with a low clinical probability
(ie., 1000 pg/LFEU if low and 500 pg/L FEU if moderate clinical probabil-
ity, termed “clinical probability-adjusted D-dimer interpretation”) [17].

We performed this analysis to compare the efficacy and safety of
using age-adjusted D-dimer interpretation, clinical probability-
adjusted D-dimer interpretation and a standard D-dimer approach to
exclude PE in ED patients of all ages with either a low or a moderate
clinical probability for PE.

2. Methods
2.1. Study design and setting

This was a health records review of all ED patients 18 years or older
investigated for PE at two hospital sites of the same Canadian city over a
two-year period (April 2013 to March 2015). The two hospitals serve an
urban population of mixed socioeconomic status, include tertiary oncol-
ogy, cardiac, neurosurgical and vascular services, and have around
95,000 ED visits each year. The Hamilton Integrated Research Ethics
Board gave approval for the study.

During the 24 months of this study, ED physicians at the two hospital
sites were encouraged (but not required) to do D-dimer testing in pa-
tients with a low clinical probability, and to consider PE excluded (with-
out diagnostic imaging for PE), if the D-dimer level was below the
standard cut-off of 500 pg/L FEU. All other patients were to have diag-
nostic imaging for PE. However, there was no specific protocol in
place. CT angiography was the usual imaging test, but ventilation-
perfusion (VQ) scanning (planar or SPECT) was used preferentially in
younger patients and those with renal impairment.

2.2. Selection of participants

We used electronic hospital records to identify all ED patients who
had a D-dimer ordered, a CT pulmonary angiogram, or VQ scan ordered
by an ED physician to investigate for PE; these patients were considered
to have had suspected PE. The current analysis was restricted to patients
who had a low or moderate clinical probability (i.e., PE Wells Score 6.0
or less; Table 1) and who also had a D-dimer level measured. We did
not include patients who had a high clinical suspicion because D-
dimer is generally not used to evaluate PE in these patients.

2.3. Data collection

Previously published guidelines for completing medical record re-
view studies were followed [18, 19]. Patient age, seX, date of attendance
and D-dimer level was collected automatically from the electronic med-
ical records. Using a standardized coding definition log and an electronic
form, trained research students extracted each Wells score components
(Table 1), CT angiogram result and VQ scan result. Every patient was
followed through chart review at both hospitals for 30 days after the
ED presentation, to determine whether PE or DVT was subsequently di-
agnosed in either of the two hospitals. The extractors examined the

Table 1
The clinical probability wells score.
Wells score variables Points
Clinically suspected DVT 3.0
Alternative diagnosis is less likely than PE 3.0
Heart rate > 100 1.5
Immobilization or surgery in previous 4 weeks 1.5
History of VTE 1.5
Hemoptysis 1.0
Malignancy or treatment within 6 months 1.0
Total score
Clinical probability
Low 0-4.0
Moderate 4.5-6.0
High 26.5

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous
thromboembolism.

medical records as follows: ED physician record (which included the in-
dication for testing), imaging reports, ED nursing records, vital signs, in-
patient charts, consultations, clinic letters, and hospital discharge
summaries. The first measurement of heart rate (taken at triage) was
used. “Clinically suspected DVT” and “hemoptysis” were considered
present if they were documented by the ED or other physician; other-
wise, they were considered as absent. “Immobility” was considered
present if there had been a hospital admission within the last 4 weeks
or a physician had documented that the patient had been bed bound;
there was no minimum length of immobilization that was required. “Al-
ternative diagnosis is less likely than PE” was only considered present if
a physician had documented that PE was the most likely diagnosis. If the
ED physician documented that a Wells score item (e.g. hemoptysis) was
absent but another physician documented that it was present, addi-
tional evidence was sought. If there was additional documentation
that the Wells score item was present or absent, this was accepted. If
there was no additional documentation, the ED physician's assessment
was used. No formal measures were taken to ensure that clinical data,
D-dimer results and imaging test results were abstracted independently
of each other. However, abstractors were not aware that the data they
recorded would be used to evaluate age-adjusted and clinical
probability-adjusted D-dimer interpretation strategies. D-dimer was
measured using the STA-Lia (Diagnostica Stago, Asniéres, France) latex
agglutination assay in the hospital laboratory.

2.4. Categorization of patients as having PE or no PE

Patients were categorized as having PE if, at initial presentation or
within 30 days of their ED visit, they met any of the following criteria:
PE was reported as being present on a CT angiogram or VQ scan; or
DVT was diagnosed by an ultrasound examination. Non-diagnostic CT
angiograms and VQ scans were considered to be negative. Patients
were considered to have a missed PE at initial assessment if they subse-
quently had a positive CT angiogram, VQ scan, or leg ultrasound scan
within 30 days of the index visit. Patients were categorized as not hav-
ing PE at initial presentation if they met all of the following criteria: a CT
angiogram and/or VQ scan at initial presentation did not report the
presence of acute PE, or no CT angiography or VQ scanning was done;
DVT was not diagnosed by ultrasound at initial presentation; and PE
or DVT were not diagnosed at either hospital within 30 days of their
ED visit. To assess the possibility that PE may have been diagnosed in-
correctly in patients who were judged to have had PE excluded using
any of the three D-dimer interpretation strategies that we were evaluat-
ing, the imaging studies (CT pulmonary angiograms or VQ scans) from
these cases were reinterpreted by expert readers who were blinded to
the initial interpretation, clinical probability assessment, and D-dimer
results. The reinterpreted findings are described in this report, but the
original reports were used in all analyses.
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2.5. D-dimer interpretation strategy definitions

D-dimer levels were categorized as positive or negative for the three
interpretation strategies as follows:

2.5.1. Age-adjusted strategy

D-dimer results were categorized as negative if: 1) in patients
50 years or younger, the D-dimer level was <500 pg/L FEU; or 2) in pa-
tients older than 50 years, the D-dimer level was less than the patient's
age multiplied by 10 (e.g. <800 ng/L FEU if 80 years). This rule was used
for all patients with a low or moderate clinical probability (Wells score
of 6.0 or less).

2.5.2. Clinical probability-adjusted strategy

D-dimer results were categorized as negative if: 1) in patients with
low clinical probability (Wells score of 4.0 or less), the D-dimer level
was <1000 pg/L FEU; or 2) in patients with moderate clinical probability
(Wells score of 4.5 to 6), the D-dimer level was <500 pg/L FEU.

Standard Strategy: D-dimer results were categorized as negative if,
in patients with a low or a moderate clinical probability (Wells score of
6.0 or less), the D-dimer level was <500 pg/L FEU. This strategy was the
reference standard.

2.6. Outcomes

The primary outcome was defined as the exclusion of PE with each
D-dimer interpretation strategy. The secondary outcome was the nega-
tive predictive value (NPV) of each interpretation strategy.

2.7. Scan review

A chest radiologist and nuclear medicine physician re-read the CT
and VQ scans for patients who were diagnosed with PE, but who
would have had a false negative result for any of the three D-dimer
rules. They were unaware of the clinical circumstances, D-dimer result
and prior imaging reports.

2.8. Data analysis

The proportion of patients who had a negative D-dimer test and the
associated NPV were calculated for each of the three interpretation
strategies, along with 95% confidence intervals (CI) using the Wilson
score method. Pairwise comparisons of the proportion of patients with
negative D-dimer results were performed using the McNemar test,
and 95% Cls for the absolute differences were calculated using the
Agresti and Min approach [20]. Comparisons were considered signifi-
cant if the two-sided p-values were <0.017. For the NPV, the method
for paired data proposed by Leisenring, Alonzo and Pepe was used (gen-
eralized score statistic) [21]. Comparisons were considered significant if
the two-sided p-values were <0.05. Analyses were performed using SAS
(Cary, NC) version 9.4, and the DTComPair package in R version 3.2.3.

Additionally, to assess interobserver reliability of 1) whether PE was
versus was not the most likely diagnosis in individual patients, and
2) categorization of patients as having PE versus no PE, data from a ran-
dom sample of 10% of patients was independently extracted by two ob-
servers, and agreement was assessed using Cohen's kappa coefficient.

Sample size was based on precision around the estimate of propor-
tion of patients who had PE excluded (negative D-dimer test) with
each strategy. A sample size of 1000 patients would produce a 95% con-
fidence interval with a width of approximately 5 units assuming the
proportion is between 0.7 and 0.8 using the Wilson Score method.
This sample size will give us 90% power to detect an absolute difference
of at least 4% in the proportions of PE excluded between the clinical
probability adjusted strategy and age-adjusted strategy using the
McNemar test assuming a two-sided alpha of 0.017.

3. Results

Between April 2013 and March 2015, a total of 1163 patients were
tested for PE (Fig. 1). Of these, 66 with a low or moderate clinical prob-
ability (Wells score < 6.0) did not have D-dimer measured (13 were di-
agnosed with PE) and 22 had a high clinical probability (Wells score
> 6.0; 10 were diagnosed with PE); therefore, 1075 patients were eligi-
ble for the current analysis. The average age of the 1075 included pa-
tients was 48, 69.6% were female, and 6.8% had an active malignancy
(Table 2). A total of 38 patients in this analysis were diagnosed with
PE; 35 at initial presentation (31 by CT and 4 by VQ scan); and 3 during
30-day follow-up (one diagnosed in a follow-up clinic by CT, one re-
presented with suspected PE that was confirmed by CT, one diagnosed
while admitted in hospital by CT). Of the 3 patients who were diagnosed
during follow-up, 2 had a D-dimer >500 pg/L FEU at initial presentation
but were not imaged, and 1 had a normal CT angiogram at presentation.
The prevalence of PE was 3.7% (31/1017) in those with a low and 12.1%
(7/58) in those with a moderate clinical probability.

The kappa coefficient for chart abstraction of whether PE was versus
was not the most likely diagnosis was 0.54 (95% C10.37-0.71), and catego-
rization of patients as having PE versus no PE was 1.0 (95% Cl 0.86-1.00).

3.1. Findings with each of the three interpretation strategies

The proportion of patients who had a D-dimer test and, therefore,
would not have imaging for PE was 71.8% (95% CI 69.1-74.4%) for the
age-adjusted strategy, 82.0% (95% CI 80.0-84.1%) for the clinical proba-
bility adjusted strategy, and 68.6% (95% CI 65.7-71.3%) for the standard
strategy (with D-dimer cutoff 500 pg/L FEU) (Table 3). The NPV was
99.7% (95% C1 99.0-99.9%) for the age-adjusted strategy, 99.1% (95% CI
98.3-99.5%) for the clinical probability adjusted strategy, and 100%
(95% C199.4-100.0%) for the standard strategy (Table 3).

3.2. Comparison of the age-adjusted strategy and clinical probability-
adjusted strategy

The proportion of patients who had a negative D-dimer test was
higher with the clinical probability adjusted strategy than with the
age-adjusted strategy (10.2% for difference; 95% CI 8.2-12.0; p <

Total Patients Investigated for PE
N=1,163

Excluded
N =66
No D-dimer
and Wells <6.0

Wells > 6.5
N=22

\4

Total Patients Included
Age-Adjusted D-Dimer

N =1,075
Wells < 4.0 Wells 4.0-6.0
N=1,017 N =58

Fig. 1. Study flowchart.
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Table 2
Patient characteristics.

Characteristics Total PE patients No PE
(N=1075),n (N=38),n (N=1037),n
(%) (%) (%)
Age (years), mean (SD) 475(SD17.9) 493 (SD 47.5 (SD 17.8)
21.8)
Women 748 (69.6) 24 (63.2) 724 (69.8)
Active malignancy 73 (6.8) 6(15.8) 67 (6.5)
HR (beats/min), mean 90 92 89
Trauma in previous 4 weeks 5(0.5) 0(0.0) 5(0.5)
Current Estrogen use 106 (9.9) 6(15.8) 100 (9.6)
Past history of DVT or PE 81(7.5) 7 (184) 74 (7.1)
Clinical signs and symptoms of 23 (2.1) 1(2.6) 24 (2.3)
DVT
Hemoptysis 25(2.3) 1(2.6) 24 (2.3)
Surgery in previous 4 weeks 41 (3.8) 4(10.5) 37 (3.6)
Immobilization in previous 4 27 (2.5) 1(2.6) 26 (2.5)
weeks
Wells <4.0 1021 (95.0) 28 (73.7) 993 (95.8)
Wells 4.5-6.0 54 (5.0) 10 (26.3) 44 (4.2)

Abbreviations: HR, heart rate; PE, pulmonary embolism; DVT, deep vein thrombosis.

0.001) (Tables 3 and 5). The NPV was lower with the clinical
probability-adjusted than the age-adjusted strategy (0.6% for differ-
ence; 95% C1 0.1-1.2; p = 0.02) (Table 3).

3.3. Comparison of the age-adjusted strategy and standard strategy

The proportion of patients who had a negative D-dimer test was
higher with the age-adjusted strategy than with the standard strategy
(3.2% for difference; 95% CI 2.2-4.4; p < 0.001) (Table 3). The NPV was
lower with the age-adjusted than the standard strategy (0.3% for differ-
ence; 95% CI —0.1-0.6; p = 0.16) (Table 3).

3.4. Comparison of the clinical probability-adjusted strategy and standard
strategy

The proportion of patients who had a negative D-dimer test was
higher with the clinical probability-adjusted strategy than with the

Table 3

The proportion of patients with suspected PE who would have had PE excluded with each
D-dimer interpretation strategy, the negative predictive value of each interpretation, and
the percent difference between each strategy

D-dimer rules Proportion of Negative
L-CPTP/M-CPTP predictive value
Patients with PE
excluded

Clinical probability-adjusted 82.0% (95% CI 99.1%
80.0-84.1%) (95% C198.3-99.5%)
(881/1075)

Age-adjusted 71.8% (95% CI 99.7%
69.1-74.4%) (95% C199.0-99.9%)
(772/1075)

Standard 68.9%; 95% CI 100.0%
65.7-71.3% (95% C199.4-100.0%)
(737/1075)

Difference between standard D-dimer, clinical probability-adjusted, and
age-adjusted D-dimer

Clinical probability-adjusted vs 13.4% 0.9%
standard (95%CI11.3-154; p< (95%C10.3-1.5;p =
0.001) 0.004)
Age-adjusted vs standard 3.2% 0.3%
(95% C12.2-34;p< (95% CI —0.1-0.6; p
0.001) =0.16)
Clinical probability-adjusted vs 10.2% 0.6%
age-adjusted (95% C18.2-12.0; p<  (95%C10.1-1.2;p =
0.001) 0.02)

Abbreviations: L-CPTP, low moderate clinical pre-test probability (Wells 0-4.0); M-CPTP,
moderate clinical pre-test probability (Wells 4.5-6.0).

standard strategy (13.4% for difference; 95% CI 11.3-15.4; p < 0.001)
(Table 3). The NPV was lower with the clinical probability-adjusted
than the standard strategy (0.9% for difference; 95% CI 0.3-1.5; p =
0.004) (Table 3).

3.5. Findings according to patient age

3.5.1. 50 years or younger

606 (55.2%) patients were 50 years or younger. The age-adjusted
strategy and the standard strategy, which used a cut-off of 500 pg/L
FEU in all of these patients, categorized 78.9% (95% ClI 75.4-81.9%) as
negative, and had a NPV of 100% (95% CI 99.0-100.0%). The clinical
probability-adjusted strategy categorized 89.4% (95% CI 86.7-91.6%) as
negative, and had a NPV of 99.4% (95% CI 98.4-99.8%).

3.5.2. Older than 50 years

491 (44.8%) patients were older than 50 years. The age-adjusted D-
dimer strategy categorized 59.9% (95% CI 55.4-64.1%) as negative, and
had a NPV of 99.3% (95% CI 97.4-99.8%). The clinical probability-
adjusted D-dimer strategy categorized 69.0% (95% CI 64.8-72.9%) as
negative, and had a NPV of 98.5% (95% CI 96.8-99.3%). The standard
strategy categorized 52.5% (95% CI 48.1-56.9%) as negative, and had a
NPV of 100.0% (95% CI 98.2-100.0%).

3.6. Findings according to clinical probability

3.6.1. Low clinical probability

1017 (92.7%) patients had low clinical probability. The age-adjusted
D-dimer strategy categorized 745 (73.3%) as negative, and had a NPV of
99.7% (95% CI1 98.9-99.9%). The clinical probability-adjusted D-dimer
strategy categorized 859 (84.5%) as negative and had a NPV of 99.1%
(95% C198.3-99.5%). The standard strategy categorized 713 (70.1%) as
negative, and had a NPV of 100.0% (95% CI 99.3-100.0%).

3.6.2. Moderate clinical probability

58 (5.3%) patients had moderate clinical probability. The age-
adjusted D-dimer strategy categorized 27 (46.6%) as negative and had
a NPV of 100% (95% CI 84.5-100.0%). The clinical probability-adjusted
strategy categorized 22 (37.9%) patients as negative and had a NPV of
100% (95% CI 81.5-100.0%). The standard strategy categorized 24
(41.3%) patients as negative and had a NPV of 100.0% (95% CI
82.3-100.0%).

3.7. Re-interpretation of false negative patient scans

Blinded re-interpretation of CT and VQ scans disagreed with the
original PE report in three cases (Table 4). All three were patients with
a false negative clinical probability-adjusted strategy. One scan was re-
ported as showing no PE and another two as probably no PE (<20%
chance of PE).

4. Discussion

The purpose of this study was to compare the efficacy and safety of
standard D-dimer cutoff, the age-adjusted D-dimer and clinical
probability-adjusted D-dimer to exclude PE in the ED.

Both the clinical probability-adjusted (negative in 82.0%) and the
age-adjusted (negative in 71.8%) strategies were able to categorize
more low and moderate clinical probability patients as having a nega-
tive D-dimer than the standard interpretation strategy (negative in
68.9%) and, therefore, reduce the need for diagnostic imaging. The
NPV was 99% or higher with all three strategies, although the 95% CI
on the paired differences suggested that the NPV could be as much as
1.5% higher with the standard compared to the clinical probability strat-
egy. Compared to both the age-adjusted (negative in 78.9%) and the
standard (negative in 79.0%) strategy, the clinical probability-adjusted
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Table 4
Characteristics of the patients whose D-dimer results were categorized as negative but PE
was present on initial presentation

Age  Wells D-dimer  How PE was diagnosed Imaging
score re-interpretation

Age-adjusted D-dimer and clinical probability-adjusted D-dimer falsely negative
59 15 580 Segmental PE on CT PE
68 0 640 Subsegmental PE on CT PE

Clinical probability-adjusted D-dimer falsely negative only

52 0 790 Lobar PE on CT PE

75 0 930 Subsegmental PE on CT No PE probable
32 0 530 High probability for PEonVQ  PE

39 3 940 High probability for PEon VQ  No PE probable
19 1.5 990 High Probability for PEon VQ  No PE

54 1.5 730 Segmental PE on CT PE

Age-adjusted D-dimer falsely negative only
No patients in this category

Abbreviations: PE, pulmonary embolism; CT, computed tomography; VQ, SPECT ventila-
tion-perfusion.

strategy (negative in 89.4%) was particularly helpful for avoiding PE im-
aging in younger patients (i.e., <50 years), who might be a greater risk of
radiation-induced cancer.

Our results are in keeping with other studies evaluating the age-
adjusted strategy for D-dimer interpretation. In a systematic review,
Schouten et al. found that the use of age-adjusted compared to standard
D-dimer interpretation would reduce imaging from 71.2% to 59.6% in
patients over 50 with non-high clinical probability of PE [22]. Further-
more, the NPV of the age-adjusted D-dimer was above 99%. The
ADJUST-PE study (Age-Adjusted D-dimer cutoff levels to rule out Pul-
monary Embolism) found that use of the age-adjusted compared to
standard D-dimer interpretation would reduce imaging from 71.8% to
60.2% [16]. Mullier et al. found the NPV for age-adjusted D-dimer inter-
pretation to be >99% in patients with a non-high clinical probability of
PE [23]. The Clinical Guidelines Committee of the American College of
Physicians (ACP) recommends using age-adjusted D-dimer cutoffs [15].

Kline et al. showed that using a D-dimer of 1000 ng/mL compared to
500 ng/mL to exclude PE with ‘PE unlikely’ patients would reduce the
use of CT angiography from 84% to 69%, but would be associated with
a decrease in NPV from 96.4% to 94.7% [25]. However, in this analysis,
10 of the 11 PEs that were present in patients were subsegmental PE
of uncertain clinical significance (8 of the 11 PEs were present in pa-
tients with a D-dimer level of 500 to 999 ng/mL). In our study, re-
interpretation of the false negative CT and VQ scans suggested that 3
of the 6 false negative cases with the clinical probability-adjusted D-
dimer may not actually have had PE, meaning we may have
underestimated the NPV of the rule. In a randomized trial, Linkins
et al. found that a D-dimer of <1000 pg/L could be used to exclude
DVT in patients with low clinical probability without a decrease in
NPV [17]. A retrospective analysis of data from two studies found that
clinical probability-adjusted strategy for D-dimer interpretation was
able to exclude DVT or PE in a higher proportion of patients that either
a standard or an age-adjusted strategy, without a decrease in NPV [26].
However, a more recent retrospective analysis showed a greater NPV for

Table 5

the age-adjusted D-dimer in comparison to the clinical probability-
adjusted strategy [27]. Van der Hulle et al. evaluated exclusion of PE
with a D-dimer of <1000 ng/mL if patients had none of three pre-
specified Wells score items (clinical signs of DVT, hemoptysis, and
whether PE is the most likely diagnosis) and a D-dimer <500 ng/mL if
patients had one or more of these items [28]. Compared to using a stan-
dard for D-dimer interpretation, this approach substantially reduced the
need for CT angiography examinations and had a NPV of 99.4%. These
findings were supported in a 2018 prospective observational study by
Kabrhel et al. where fewer patients would have had imaging had the
YEARS algorithm been used without a decrease in NPV [29].

The strength of our analysis is that we included a large number of
consecutive patients who were tested for PE in two hospitals. We are
confident that we did not miss patients since we used a very inclusive
method for their identification. Our D-dimer results were directly ab-
stracted electronically from the medical records as was age, meaning
that our age-adjusted D-dimer calculations are valid.

There are a number of limitations with this study relating to its ret-
rospective nature. First, although we standardized data abstraction for
the Wells score components, retrospective data collection may not ac-
curately reflect the clinical findings. In particular, we were stringent in
allocating 3.0 points for ‘another diagnosis is less likely than PE’. For ex-
ample, it is possible that physicians considered that “another diagnosis
is less likely than PE” without documenting this assessment; in this sit-
uation, our data abstraction would underestimate the Wells score and
the physician's assessment of clinical probability. Likewise, we may
have missed the presence of hemoptysis or a history of prior venous
thrombosis, which would also lead us to underestimate the Wells score.
Because of this, we may have overestimated the proportion of patients
who would not require imaging and underestimated the NPV associated
with each of the D-dimer interpretation strategies. Second, by relying on
health records at two hospitals to identify VTE recurrence as opposed to
direct patient contact, we may have missed some episodes of recurrent
VTE during follow-up, which would lead to an over estimation of NPV.
Third, we took no specific steps to ensure independence of clinical data ab-
straction, D-dimer levels and imaging study results; this could have led to
a biased assessment of agreement between these findings. Fourth, we
used the original reports of imaging studies to decide if patients had PE
for our main analyses rather than having all imaging studies
reinterpreted; this is likely to have resulted in some incorrect diagnoses.

5. Conclusion

Both the clinical probability-adjusted D-dimer and age-adjusted D-
dimer strategies would have led to fewer imaging tests in comparison
to the standard D-dimer strategy. This retrospective analysis suggests
that the clinical probability-adjusted strategy may result in the fewest
imaging tests for PE.
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Comparison of the age-adjusted strategy and the clinical probability strategy with prevalence of venous thromboembolism according to agreement

Clinical probability-adjusted strategy Total

D-dimer negative

D-dimer positive

Age-adjusted strategy D-dimer negative 767 5 772
2 VTE (0.26%) 0 VTE (0%) 2 VTE (0.26%)
D-dimer positive 114 189 303
6 VTE (5.3%) 30 VTE (15.3%) 36 VTE (11.6%)
Total 881 194 1075
8 VTE (0.91%) 30 VTE (14.9%) 38 VTE (3.4%)

Abbreviations: VTE, venous thromboembolism.
Note: This table only includes patients with a Wells score < 6.0.
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