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Abstract

Background: In patients with a high clinical probability of pulmonary embolism (PE),
the high prevalence can lower the D-dimer negative predictive value and increase the
risk of diagnostic failure. It is therefore recommended that these high-risk patients
should undergo chest imaging without D-dimer testing although no evidence supports
this recommendation.

Objective: The objective was to evaluate the safety of ruling out PE based on D-dimer
testing among patients with a high clinical probability of PE.

Methods: This was a post hoc analysis of three European studies (PROPER,
MODIGLIANI, and TRYSPEED). Patients were included if they presented a high
clinical probability of PE (according to either the Wells or the revised Geneva score)
and underwent D-dimer testing. The D-dimer-based strategy ruled out PE if the D-
dimer level was below the age-adjusted threshold (i.e., <500ng/mL in patients aged
less than 50 and age x 10ng/mL in patients older than 50).

The primary endpoint was a thromboembolic event in patients with negative D-dimer
either at index visit or at 3-month follow-up. A Bayesian approach estimated the
probability that the failure rate of the D-dimer-based strategy was below 2% given
observed data.

Results: Among the 12,300 patients included in the PROPER, MODIGLIANI, and
TRYSPEED studies, 651 patients (median age 68years, 60% female) had D-dimer
testing and a high clinical probability of PE and were included in the study. PE
prevalence was 31.3%. Seventy patients had D-dimer levels under the age-adjusted
threshold, and none of them had a PE after follow-up (failure rate 0.0% [95% CI 0.0%-
6.5%)). Bayesian analysis reported a credible interval of 0.0%-4.1%, with a 76.2%

posterior probability of a failure rate below 2%.
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INTRODUCTION

Pulmonary embolism (PE) is commonly suspected in the emergency
department (ED). It is critical to accurately diagnose this potentially
deadly condition to ensure effective management and treatment. A
workup strategy for the diagnosis of PE is considered safe if its fail-
ure rate is less than 2%.!

Both European and American guidelines recommend a sequential
approach. The clinical probability of PE is assessed using clinical deci-
sion rule (Wells, revised Geneva score) or unstructured estimation (ge-
stalt), categorized as low, moderate, or high.22 If the risk of PE is low
or moderate, a diagnostic strategy based on D-dimer levels is advised
due to its high negative predictive value. PE is ruled out if the D-dimer
level is below the age-adjusted threshold (i.e., less than 500ng/mL in
patients younger than 50 and age multiplied by 10ng/mL in patients
older than 50). If not, chest imaging, preferably computed tomog-
raphy pulmonary angiography (CTPA), is recommended.* However,
performing D-dimer testing is not recommended for patients with a
high clinical probability of PE. Due to the high prevalence of PE in
this population, relying solely on D-dimer testing may result in a lower
negative predictive value and increase the risk of diagnostic failure.
Therefore, guidelines recommend that high-risk patients should sys-
tematically undergo chest imaging without D-dimer testing.2

This recommendation is based on a very low level of evidence,
with very scarce data published on the negative predictive value of
D-dimers in these high-risk patients. Therefore, it remains uncertain
whether it is safe to exclude PE based on D-dimer levels in patients
with a high clinical probability. The objective of the study was to
evaluate the safety of D-dimer testing in high-risk patients by es-
timating the failure rate of the D-dimer strategy and the likelihood
that this rate is below 2%.

METHODS
Study design

This was a post hoc analysis of three European studies: PROPER,
MODIGLIANI, and TRYSPEED. The PROPER and MODIGLIANI
cohorts are prospective studies. The PROPER trial was a cluster-
randomized noninferiority trial in France that compared the
Pulmonary Embolism Rule-out Criteria (PERC)-based diagnostic

Conclusions: In this study, ruling out PE in high-risk patients based on D-dimer below
the age-adjusted threshold was safe, with no missed PE. However, the large Cl of the

primary endpoint precludes a definitive conclusion.

Bayesian analysis, computed tomography pulmonary angiography, D-dimer, emergency
department, emergency medicine, probability scores, pulmonary embolism, revised Geneva,

strategy with the conventional strategy in patients with a low gestalt
clinical probability of PE.> The MODIGLIANI study was a cluster-
randomized noninferiority trial in France and Spain that compared
the usual strategy of age-adjusted D-dimer threshold with the YEARS
strategy in patients with low or moderate gestalt clinical probabil-
ity of PE.° In both studies, patients were followed up at 3months.
Occurrence of thromboembolic events during follow-up was con-
firmed by an adjudication committee. For patients lost to follow-up,
death records were queried. Any death during follow-up was ana-
lyzed by the adjudication committee. A sudden unexplained death
was considered a thromboembolic event if it could not be excluded.

TRYSPEED was a retrospective study in six European countries,
which included patients who underwent CTPA in the ED for sus-
pected PE. The study aimed to evaluate temporal trends in the use of
CTPA, diagnosis of PE, and type of PE. All patients underwent chest
imaging, and no follow-up was conducted.” An inconclusive CTPA
was previously defined as a CTPA that could not adequately assess
the segmental level. All items of the Wells and revised Geneva score
were collected in those studies, except for the “absence of alterna-
tive diagnosis” included in the Wells score, which was not available
in the TRYSPEED database.

The protocols of all three studies were approved by ethics com-
mittees. As a secondary analysis on anonymized data, patient con-
sent was waived for this study.

Population

Patients were included if they had a high clinical probability of PE
and a D-dimer measurement in the ED. Patients who had a high clini-
cal probability of PE and underwent D-dimer testing were sourced
from the PROPER, MODIGLIANI, and TRYSPEED databases. In the
PROPER and MODIGLIANI cohorts, a high PE clinical probability
was defined as having either a Wells score greater than 6 or a re-
vised Geneva score greater than 10. Although these cohorts aimed
to evaluate patients with a low clinical probability of PE assessed
through clinical gestalt, some patients were still classified as high
risk because the Wells and Geneva scores objectively quantify risk,
sometimes revealing a higher risk level than the clinician's initial as-
sessment. The revised Geneva score was solely used for patients in
the TRYSPEED database due to the lack of the “absence of alterna-
tive diagnosis” item required for the Wells score.
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The PROPER cohort consisted of 1916 patients from 14 EDs
in France, who visited the ED between 2015 and 2016 with a low
gestalt clinical probability of PE. The MODIGLIANI cohort included
1414 patients from 16 EDs in France and two in Spain, who had
low to moderate clinical gestalt probability of PE and did not have
a negative PERC. The TRYSPEED study included 8970 patients who
underwent CTPA in the ED for suspected PE, from 26 European
EDs across six countries, during the first 7 days of each month from
January 2015 to December 2019. Patients were excluded if they
had missing D-dimer value or no Wells and no revised Geneva score
available and if there was no assessment of PE by either a CTPA or
a 3-month follow-up.

Endpoints

The primary endpoint was the failure rate of the D-dimer-based
strategy. A failure was defined by a missed PE, i.e., a thromboembolic
event in a patient with a negative D-dimer result (below the age-
adjusted threshold), occurring either at the index visit or during the
3-month follow-up. The secondary endpoint assessed the failure of
the strategy using a 500ng/mL D-dimer threshold, also measured
either at the index visit or during the 3-month follow-up.

To compare with the recommended strategy of CTPA with no
D-dimer testing, an exploratory analysis aimed to estimate the neg-
ative predictive value of CTPA in these patients. In the PROPER and
MODIGLIANI cohorts, patients were followed up at 3months. A fail-
ure of CTPA was diagnosed as a negative CTPA at index visit and an
ultimate diagnosis of thromboembolic event at 3months. Because
patients were not followed up in the TRYSPEED study, the failure
rate of CTPA could not be determined.

Statistical analysis

Patient characteristics were expressed as categorical variables
and were reported with their respective values and proportions
(%). Numeric variables were presented as medians along with their
interquartile ranges (IQRs). The age-adjusted D-dimer threshold was
defined as 500ng/mL for patients younger than 50years and 10
times the age in ng/mL for patients 50years and older. Additionally,
the performance of the strategy using a fixed 500ng/mL threshold
was also assessed. Sensitivity, specificity, positive and negative
predictive values, and positive and negative likelihood ratios were
estimated.

The failure rate of a diagnostic strategy can be defined in two
different manners. First, it can be defined as the failure rate of the
global strategy, i.e., the total number of missed PEs by the strategy
divided by the total number of patients tested. In patients with a low
prevalence of PE, this failure rate can be misleading as previously
reported.g'9 Secondly, a more conservative approach aims to focus
on the subgroup of patients affected by the tested strategy. In this
study, this only applied to patients with a negative D-dimer value.

A conservative approach was used in this study, which specifi-
cally evaluated the D-dimer false-negative rate, and the failure rate
was defined as the ratio of the number of diagnosed PEs with nega-
tive D-dimer divided by the total number of patients with a negative
D-dimer value. The confidence interval (Cl) for the failure rate was
reported at the 95% level.

A Bayesian approach has also been used to estimate the poste-
rior probability that the failure rate of the strategy is below 2%. This
probability indicates the likelihood that excluding PE in high-risk,
negative-D-dimer patients is safe, according to data. Dispersion of
parameter estimates is expressed by credible interval (with highest-
density method), which are analogous to Cls used in frequentist statis-
tics. If this interval for the D-dimer failure rate excludes 2%, we could
conclude that the test is sufficiently safe to be used even in patients
with a high clinical probability of PE. We consider that the negative
D-dimer could safely exclude PE in the studied group if the posterior
probability that the failure rate is below 2% is estimated over 95%.

RESULTS

A total of 3330 patients were screened from the PROPER and
MODIGLIANI studies and 8970 patients from the TRYSPEED study.
Out of those 12,300 patients, 10,365 patients were excluded as they
did not meet the criteria of high risk of PE. Another 384 patients were
excluded as their Wells or revised Geneva score was not available,
97 patients were excluded from the PROPER and MODIGLIANI
cohort due to incomplete follow-up, 113 were excluded from the
TRYSPEED database due to inconclusive CTPA, and 2963 patients
were excluded as they had missing D-dimer value. Some patients
met more than one exclusion criterion. Finally, a total of 651 patients
who underwent D-dimer testing and had a high clinical probability of
PE were included in the analysis, as shown in Figure 1. Out of those
patients, 584 (90%) were from the TRYSPEED study.

The median (IQR) age of the participants was 68.0 (54.0-80.0)
years, and 392 (60.2%) were female. A total of 204 PEs were diag-
nosed, resulting in a prevalence of 31.3%. The baseline characteris-

tics are detailed in Table 1.

Failure rate of D-dimer

Seventy patients had D-dimer levels below the age-adjusted
threshold, and none of them had a PE after follow-up, indicating a
failure rate of 0.0% (95% Cl 0.0%-6.5%). Bayesian analysis reported
a credible interval of 0.0%-4.1%, with a 76.2% posterior probability
of a failure rate below 2%.

Additionally, 48 patients had D-dimer levels below the fixed
500ng/mL threshold, and none of them had a PE after follow-up,
resulting in a failure rate of 0.0% (95% Cl 0.0%-7.4%). Bayesian
analysis reported a credible interval of 0.0%-5.9%, with a 62.8%
posterior probability of a failure rate below 2%. Table 2 describes
predictive statistics and their 95% credible intervals of age-adjusted
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FIGURE 1 Flowchart. CTPA, computed tomography pulmonary angiography; PE, pulmonary embolism.

and 500-fixed D-dimer thresholds. The positive predictive value
(PPV) observed with the age-adjusted D-dimer strategy is higher
compared to the fixed 500 strategy. The difference in denomina-
tors—581 for the age-adjusted strategy versus 603 for the fixed 500
strategy—reflects the total number of patients who tested positive
under each approach. This difference suggests that the fixed 500
strategy produces more false positives. The age-adjusted D-dimer
strategy, by yielding fewer false positives, consequently enhances
its PPV compared to the fixed 500 strategy.

Overall failure rate of the strategy

Among the 651 patients with a high clinical risk, including patients
with negative and positive D-dimer value, no PE was missed at

follow-up. The failure rate of the overall strategy was 0.0% (95%
Cl 0.0%-0.6%). Bayesian analysis reported a credible interval of
0.0%-0.5%, with a less than 107> probability that the failure rate
for the strategy is greater than 2%. Exploratory analyses of the
MODIGLIANI and PROPER cohorts revealed that among the 845 pa-
tients who underwent CTPA in the ED, six were diagnosed with PE at
3-month follow-up despite not being diagnosed in the ED, indicating
a CTPA failure rate of 0.7% (95% Cl 0.3%-1.6%).

DISCUSSION

In this retrospective analysis of 651 patients with high clinical prob-
ability of PE from three European studies, no cases of PE were found
in patients with high clinical suspicion and D-dimer levels below the
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PROPER and TRYSPEED Overall
MODIGLIANI (n=67) (n=584) (n=651)
History and clinical signs
Age (years) 59.0(37.5-72.5) 69.0 (55.0-81.0) 68.0
(54.0-80.0)
Gender, feminine 52 (77.6) 340 (58.2) 392 (60.2)
Cancer 2(3.0) 95 (16.3) 97 (14.9)
History of thromboembolic 26(38.8) 196 (33.6) 222 (34.1)
event
Estrogen use 6(10.3) 19 (3.3) 25(3.8)
Recent immobilization 9 (13.4) 92 (15.8) 101 (15.5)

Systolic blood pressure
(mmHg)

140 (130-156)

138 (123-155)

138 (124-155)

Heart rate (beats/min) 97 (81-108) 96 (84-109) 96 (84-109)
SpO, (%) 98 (96-99) 96 (94-98) 97 (94-98)
Temperature (°C) 36.8 (36.5-37.0) 36.9 (36.5-37.3) 36.9
(36.5-37.3)
Respiratory rate (breaths/ — 20 (17-25) 20 (17-25)
min)
Syncope 5(7.5) 61 (10.5) 66(10.2)
Signs of deep vein 64 (95.5) 555 (95.0) 619 (95.1)
thrombosis
Hemoptysis 5(7.5) 16 (2.7) 21(3.2)
PE is the most likely 32 (47.8) — 32 (47.8)
diagnosis
Biomarkers
D-dimer (ng/mL) 640 (280-2500) 1870 1790
(1060-4170) (942-4050)
D-dimer under 500ng/mL 27 (40.3) 21 (3.6) 48 (7.4)
threshold
D-dimer under age-adjusted 31 (46.3) 39 (6.7) 70 (10.8)
threshold
Clinical decision rules
Wells score 6(5-8) - 6(5-8)
Revised Geneva 12 (12-14) 13 (11-14) 13 (12-14)
Outcomes
PE 17 (25.4) 187 (32.0) 204 (31.3)

Note: Data are reported as median (IQR) or n (%).

TABLE 1 Population characteristics.

Abbreviation: PE, pulmonary embolism.

age-adjusted threshold. None of these patients developed PE during
follow-up, resulting in a failure rate of 0.0% (95% Cl 0.0%-6.5%).
However, the wide Cl precludes a definitive conclusion about the
safety of this D-dimer-based strategy. Bayesian analysis reported
a 76.2% posterior probability that the failure rate is below 2%. The
failure rate of the overall strategy among all high clinical risk patients
was 0.0% (95% Cl 0.0%-0.6%), with a less than 107> probability that
the failure rate for the defined strategy is greater than 2%. The low
specificity of D-dimer testing using an age-adjusted threshold in this
cohort, calculated at 15.7%, suggests that while the test may be safe,
its clinical utility could be limited, as it may result in a high number
of false positives, leading to additional testing. Our study focuses on

high-risk patients and addresses a gap in the existing literature by
studying the safety of D-dimer testing in a population that is typi-
cally excluded from such analyses.

One of the main strengths of this study is the large cohort of pa-
tients with high clinical probability of PE, recruited from several EDs
across Europe. This broad and diverse patient base enhances the
generalizability of our findings. In addition, the rigorous follow-up
procedures employed in the PROPER and MODIGLIANI studies, in-
cluding telephone interviews and adjudication committees, ensure
a high level of data accuracy regarding thromboembolic events. The
exploratory analysis revealed that the failure rate of CTPA in these
cohorts was 0.7%. Despite CTPA being considered the criterion
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TABLE 2 Predictive statistics of
D-dimer thresholds among high-risk PE
patients using Bayesian analysis. PPV

D-dimer threshold

Negative predictive value

Posterior probability that failure rate is

below 2%
Sensitivity
Specificity

Age-adjusted
204/581

35.1% (31.3%-39.0%)
70/70

100% (95.9%-100%)
76.2%

100% (98.6%-100%)
15.7% (12.5%-19.2%)

Fixed 500 ng/mL
204/603

33.8% (30.1%-37.7%)
48/48

100% (94.1%-100%)
62.8%

100% (98.5%-100%)
10.7% (8.1%-13.8%)

Positive likelihood ratio 1.19 (1.13-1.23)

0.0(0.0-0.09)

1.12(1.08-1.1¢6)

Negative likelihood ratio 0(0.0-0.14)

Abbreviations: PE, pulmonary embolism; PPV, positive predictive value.

standard for PE diagnosis, with a high sensitivity and specificity, it is
not infallible. Recognizing the limitations of CTPA helps refine diag-
nostic approaches. This underscores the importance of considering
other diagnostic strategies, such as D-dimer testing, even in high-
risk patients. However, further validation of these findings in larger
cohorts is necessary to ensure the safety of the D-dimer strategy

for these patients.

LIMITATIONS

Our study presents some limitations. First, the post hoc nature of
the analysis may introduce biases inherent to retrospective analyses.
Another limitation to consider is the heterogeneity of the included
studies. One study relies solely on retrospective CTPA data without
a 3-month follow-up, while the others include prospective follow-
up. The lack of follow-up and the exclusion of inconclusive CTPA in
the TRYSPEED study might result in an underestimation of the strat-
egy's failure rate. Since most of the patients are from the TRYSPEED
study, which is retrospective with no subsequent follow-up, D-dimer
levels are compared mostly to CTPA results rather than to the usual
clinical follow-up period. However, it is important to note that if a
patient had a PE at 3months but not at initial evaluation on CTPA
(i.e., patients from the TRYSPEED study), this would correspond to
a failure of CTPA and not related to our aim of assessing failure rate
of D-dimer.

Although patients in the current analysis have been identified as
having a high probability of PE based on the Wells or revised Geneva
scores, they might still be inherently at lower risk because the orig-
inal studies (PROPER and MODIGLIANI) were designed to evaluate
patients with a low probability of PE as assessed by clinical gestalt.
This difference occurs because the Geneva and Wells scores objec-
tively quantify risk by incorporating specific criteria, offering a more
consistent approach to risk assessment that can reveal a higher risk
level than the clinician's initial impression. Therefore, the study pop-
ulation's characteristics might not accurately represent the broader
population of high-risk patients.

There is also a significant difference in the percentage of neg-
ative D-dimer rates between the TRYSPEED study and the other

two cohorts, despite similar rates of PE positivity. This disparity
may be attributed to the fact that TRYSPEED includes only pa-
tients who have undergone CTPA, a procedure less likely to be per-
formed if D-dimer results are negative. In contrast, the PROPER and
MODIGLIANI cohorts include all patients with suspected PE, and we
analyze those who had a D-dimer test regardless of whether they
were scanned. This highlights the heterogeneity of the included
studies and diminishes the comparability of these databases. Finally,
excluding patients with missing data, such as D-dimer values and
follow-up information, could introduce selection bias, potentially af-

fecting the validity of our results.

CONCLUSIONS

In this study, ruling out pulmonary embolism in high-risk patients
based on D-dimer below the age-adjusted threshold was safe, with no
missed pulmonary embolism. However, the sample size was not large

enough to draw a definitive conclusion on the safety of this strategy.
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