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Safety and Efficiency of Diagnostic Strategies for Ruling Out
Pulmonary Embolism in Clinically Relevant Patient Subgroups

A Systematic Review and Individual-Patient Data Meta-analysis

Milou A.M. Stals, MD; Toshihiko Takada, MD, PhD; Noémie Kraaijpoel, MD, PhD; Nick van Es, MD, PhD;

Harry R. Biiller, MD, PhD; D. Mark Courtney, MD, PhD; Yonathan Freund, MD, PhD; Javier Galipienzo, MD;

Grégoire Le Gal, MD, PhD; Waleed Ghanima, MD; Menno V. Huisman, MD, PhD; Jeffrey A. Kline, MD; Karel G.M. Moons, PhD;
Sameer Parpia, PhD; Arnaud Perrier, MD, PhD; Marc Righini, MD, PhD; Helia Robert-Ebadi, MD; Pierre-Marie Roy, MD, PhD;
Maarten van Smeden, PhD; Phil S. Wells, MD; Kerstin de Wit, MD; Geert-Jan Geersing, MD, PhD; and

Frederikus A. Klok, MD, PhD

Background: How diagnostic strategies for suspected pulmonary
embolism (PE) perform in relevant patient subgroups defined by
sex, age, cancer, and previous venous thromboembolism (VTE) is
unknown.

Purpose: To evaluate the safety and efficiency of the Wells
and revised Geneva scores combined with fixed and adapted
D-dimer thresholds, as well as the YEARS algorithm, for ruling
out acute PE in these subgroups.

Data Sources: MEDLINE from 1 January 1995 until 1 January
2021.

Study Selection: 16 studies assessing at least 1 diagnostic
strategy.

Data Extraction: Individual-patient data from 20553 patients.

Data Synthesis: Safety was defined as the diagnostic failure
rate (the predicted 3-month VTE incidence after exclusion of
PE without imaging at baseline). Efficiency was defined as the
proportion of individuals classified by the strategy as "PE con-
sidered excluded” without imaging tests. Across all strategies,
efficiency was highest in patients younger than 40 years (47%
to 68%) and lowest in patients aged 80 years or older (6.0% to
23%) or patients with cancer (9.6% to 26%). However, efficiency

improved considerably in these subgroups when pretest probabil-
ity-dependent D-dimer thresholds were applied. Predicted failure
rates were highest for strategies with adapted D-dimer thresh-
olds, with failure rates varying between 2% and 4% in the pre-
defined patient subgroups.

Limitations: Between-study differences in scoring predictor items
and D-dimer assays, as well as the presence of differential verifica-
tion bias, in particular for classifying fatal events and subsegmental
PE cases, all of which may have led to an overestimation of the
predicted failure rates of adapted D-dimer thresholds.

Conclusion: Overall, all strategies showed acceptable safety,
with pretest probability-dependent D-dimer thresholds having
not only the highest efficiency but also the highest predicted
failure rate. From an efficiency perspective, this individual-
patient data meta-analysis supports application of adapted D-
dimer thresholds.

Primary Funding Source: Dutch Research Council. (PROSPERO:
CRD42018089366)
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urrently recommended diagnostic strategies for sus-
Cpected acute pulmonary embolism (PE) consist of a
standardized assessment of the clinical pretest probabil-
ity using a validated clinical decision rule (CDR) and
D-dimer testing (1). The combination of a nonhigh clinical
probability and a normal D-dimer test result safely rules
out acute PE, allowing clinicians to refrain from perform-
ing imaging tests (2, 3). This is important to minimize ex-
posure to potentially harmful ionizing radiation and
contrast material, as well as to reduce health care costs
and turnaround time in busy clinics (1, 4-7). With the
recent introduction and validation of D-dimer thresholds
dependent on age or clinical pretest probability, the pro-
portion of patients requiring an imaging test has
decreased from about 70% (when using the fixed D-dimer
threshold of 500 pg/L) to 40% to 50% (2, 8-11).

Nevertheless, although the overall safety and efficiency
of these strategies have been demonstrated in large man-
agement studies (8, 10, 12-15), it is also recognized that
CDRs and D-dimer tests in general may be less safe and
less efficient in specific patient subgroups, such as patients
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with renal insufficiency, patients with cancer, and elderly
patients or inpatients (2, 16-18). Thus, the preferred diag-
nostic strategy may be different for certain subgroups. Yet,
how different CDR/D-dimer test combinations perform in
relevant patient subgroups is unknown, as individual stud-
ies were often too small to perform reliable subgroup
analyses.

We set out to evaluate the safety and efficiency of
the most widely used and recommended CDRs (the
Wells rule and revised Geneva score in combination with
available strategies for interpretation of the D-dimer test
[fixed, age-adjusted, and pretest probability depend-
ent]), as well as the YEARS algorithm, a strategy with
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D-dimer dependent on pretest probability, for frequently
encountered and clinically relevant patient subgroups.
To validate these 3 diagnostic scores in clinically relevant
patient subgroups, we performed an international sys-
tematic review followed by a meta-analysis of individual-
patient data (IPDMA) from more than 20000 patients
with suspected PE (19).

METHODS

This IPDMA followed the guidance of both the
PRISMA-IPD (PRISMA for Individual Patient Data systematic
reviews) and PRISMA-DTA (PRISMA for Diagnostic Test
Accuracy) statements on systematic reviews including indi-
vidual-patient data, and followed guidance from TRIPOD
(Transparent reporting of a multivariable prediction model
for individual prognosis or diagnosis) (20-24). This IPDMA
was preregistered at the PROSPERO database for system-
atic reviews (CRD42018089366), and a protocol was pub-
lished (19).

Data Sources and Searches

MEDLINE was searched from 1 January 1995 until
1 January 2021 to retrieve studies that had evaluated diag-
nostic strategies for PE (Appendix, available at Annals.org).
Full-text articles were independently assessed for eligibility
in duplicate by 2 pairs of authors (N.K. and G.J.G., and N.v.E.
and F.AK.). Discrepancies were resolved by discussion.

Study Selection

The process of study selection was described in detail
in the published protocol (19). In short, eligible studies
were those that had a prospective follow-up or cross-sec-
tional study design, included patients with clinically sus-
pected PE, and assessed variables to calculate at least 1 of
the predefined CDRs of interest. Furthermore, the refer-
ence standard had to be imaging or clinical follow-up in
those in whom PE was ruled out without imaging and who
thus did not receive anticoagulant treatment. In addition,
we excluded studies with qualitative D-dimer measure-
ments only and studies including only patients with low
clinical pretest probability.

Data Extraction and Quality Assessment

Principal investigators from the eligible studies were
asked to provide deidentified individual-patient data (IPD)
(Appendix Figure 1, available at Annals.org). Patient-level
data collected at baseline included information on demo-
graphic characteristics, risk factors for venous throm-
boembolism (VTE), comorbidity, items of the diagnostic
strategies of interest, D-dimer levels, and results of imag-
ing tests. Information collected during follow-up included
information on occurrence of VTE, anticoagulant therapy
for reasons other than VTE, mortality, and loss to follow-
up (see the Supplement, available at Annals.org). Each
diagnostic study from which we retrieved IPD was
assessed for potential sources of bias using the QUADAS-
2 (Quality Assessment of Diagnostic Accuracy Studies 2)
tool (see Appendix Figure 2, available at Annals.org) (25).
This assessment was performed independently by 3 pairs
of authors (G.J.G. and T.T., N.v.E. and N.K,, and F.AK. and
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M.A.M.S.) who were not involved in the original included
studies. Disagreements were resolved by discussion within
each pair and between pairs.

Data Synthesis and Analysis

The main analysis focused on the predicted diagnos-
tic performance of various diagnostic strategies for ruling
out PE across different patient subgroups. Diagnostic
strategies under evaluation were the Wells rule and re-
vised Geneva score (both combined with D-dimer test-
ing), and the YEARS algorithm (Appendix Figures 3 and
4, available at Annals.org). The YEARS algorithm is a
strategy with a D-dimer threshold that is dependent on
clinical pretest probability (CPTP) assessment (that is, it
applies a higher D-dimer threshold in patients with a low
CPTP) (10). The Wells rule and the revised Geneva score
incorporate a fixed D-dimer threshold of 500 pg/L, an age-
adjusted D-dimer threshold (age x 10 pg/L in patients
aged >50 years), or a D-dimer threshold dependent on
CPTP. The CPTP-dependent D-dimer threshold has not
been prospectively validated for the revised Geneva score
before, but we applied the same D-dimer thresholds as
used in the PEGeD (The Pulmonary Embolism Graduated
D-dimer) study (Wells rule with D-dimer threshold depend-
ent on CPTP) (11).

The main outcome measures were the predicted
safety and efficiency of each diagnostic strategy. Safety
was defined as the failure rate, which is the proportion of
patients with confirmed VTE at baseline or during follow-
up divided by the total number of patients in whom PE
was considered excluded at baseline based on CDR and
D-dimer testing alone (as a measure of missed VTE
events at baseline). Traditionally, the generally accepted
safety threshold ranges between 2% and 3%, with recent
data suggesting that a safety threshold dependent on PE
prevalence at baseline should be used (26). The efficiency
of the diagnostic strategy was defined as the number of
patients in whom PE was considered ruled out based on CDR
and D-dimer alone among all included patients.

Probabilities of safety and efficiency were calculated
overall and in clinically relevant patient subgroups: male
versus female patients, age as a continuous variable,
active cancer (as defined in the original studies), and his-
tory of VTE. Analyses in the predefined subgroups by
delayed presentation, obesity, known heart failure, and
known chronic obstructive pulmonary disease could not
be performed because numbers for these subgroups
were too small, definitions used in the original studies
were too heterogeneous, or information could not be
retrieved in most of the included studies.

Statistical Analysis

Multilevel logistic regression models were used to
account for the clustering of patients within studies by
including a random intercept. For the analyses of safety,
a univariable logistic regression model was constructed
with the presence or absence of VTE as the outcome and
classification by each rule as a categorical covariate. By
using this model, the failure rate of each model corre-
sponds to the predicted probability of VTE in patients
categorized by the model as "PE considered excluded.”
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Table 1. Characteristics of Included Studies

Study, Year Primary Study D-Dimer Diagnostic Outcome Patients  Patients With
(Reference) Study Goal Period Assay Imaging Adjudication Provided VTE at Baseline
Test by the or During
Authors, Follow-up,
n n (%)
Kline et al, 2012 Evaluate the Wells score 1/2007 to 4/2008 VIDAS CTPA No 333 77 (23)
(38)* and revised Geneva (bioMérieux)
score in conjunction with
doubling the D-dimer
threshold for “PE
unlikely” patients (thresh-
old, 1000 pg/L) in outpa-
tients and inpatients
Douma et al, Evaluate 4 CDRst com- 7/2008 to 11/2009 VIDAS; CTPA Yes 807 192 (24)§
2011 (13)t bined with D-dimer test- Tina-quant
ing (threshold, 500 pg/L) (Roche);
in outpatients and STA-Liatest
inpatients (Stago);
Innovance
(Siemens)
Goekoop etal, Evaluate the dichotomized 3/2002 to 3/2004 VIDAS CTPAorV/Q No 876 110 (13)§
2007 (40) Wells score combined
with D-dimer testing
(threshold, 500 pg/L) in
outpatients
Righini et al, Evaluate the Wells or re- 1/2010 to 2/2013 VIDAS; CTPA Yes 3324 639 (19)
2014 (8) vised Geneva score com- Tina-quant;
bined with D-dimer cobas h 232
testing (threshold of 500 (Roche);
ug/L in patients aged STA-Liatest;
<50y and age-adjusted HS 500
threshold in patients (Werfen);
aged =50y)in Innovance
outpatients
Schouten et al, Evaluate the Wells score 7/2007 to 4/2013 Simplify CTPA orV/Q  Partly (only 294 83(28)
2014 (41) combined with D-dimer deaths were
testing (qualitative assay) adjudicated)
in outpatients aged =60 y
van Belle etal, Evaluate the dichotomized 11/2002 to 9/2004 VIDAS; CTPA Yes 3296 699 (21)
2006 (12) Wells score combined Tina-quant
with D-dimer testing
(threshold, 500 pg/L) in
outpatients and
inpatients
Van der Hulle et Evaluate the YEARS score  10/2013 to 7/2015 VIDAS; CTPA Yes 3448 473 (14)
al, 2017 (10) combined with D-dimer Tina-quant;
testing (threshold, 1000 STA-Liatest;
ug/L if 0 YEARS items Innovance
and 500 pg/L if 1-3
YEARS items) in outpa-
tients and inpatients
Mos et al, 2014  Evaluate the dichotomized 11/2002 to 11/2009 Tina-qaunt; CTPA Yes 279 114 (41)
(14) Wells score combined VIDAS;
with D-dimer testing STA-Liatest;
(threshold, 500 pg/L) in Innovance
outpatients and inpa-
tients with suspected
recurrent PE
Wicki et al, 2001 Develop a clinical score for 10/1992 to 10/1997 Asserachrom D-Di Lung scan No 1089 296 (27)
(42) assessing clinical pretest enzyme (Stago);
probability in outpatients VIDAS
(derivation study for the
Geneva score)
Perrier et al, Evaluate the Geneva score  10/2000 to 6/2002 VIDAS CTPA Yes 965 229 (24)
2004 (43) combined with D-dimer

testing (threshold, 500
ug/L) and CUS in
outpatients
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Table 1-Continued

Study, Year
(Reference)

Primary
Study Goal

Study
Period

D-Dimer
Assay

Diagnostic
Imaging
Test

Outcome
Adjudication

Patients
Provided
by the
Authors,
n

Patients With
VTE at Baseline
or During
Follow-up,

n (%)

Perrier et al,
2005 (44)

Righini et al,
2008 (45)

Kearon et al,
2019 (11)

Evaluate the Geneva score  8/2002 to 11/2003
combined with D-dimer
testing (threshold, 500
ug/L) in outpatients

Evaluate the revised
Geneva score combined
with 1) D-dimer testing
(threshold, 500 pg/L)
alone or 2) D-dimer test-
ing followed by CUS if D-
dimer above threshold or
high clinical probability,
in outpatients

Evaluate the Wells score
combined with D-dimer
testing (threshold, 1000
ug/L if low clinical proba-
bility and 500 pg/L if

1/2005 to 8/2006

12/2015 to 5/2018

VIDAS Multidetector
row CT
and CUS

VIDAS CTPA

STA-Liatest; CTPA
HS 500;

Innovance;

Triage (Quidel);

Other

Partly (only deaths
were
adjudicated)

Yes

Yes

1692

755

2017

361 (21)

197 (26)

150 (7.4)

moderate clinical proba-
bility) in outpatients (1
inpatient was enrolled)
Galipienzo et al, Evaluate the dichotomized
2012 (46) Wells score combined
with D-dimer testing
(threshold, 500 pg/L) in
outpatients
Evaluate an algorithm
based on the Hyers crite-
ria combined with D-
dimer testing (threshold,
400 pg/L) in outpatients
Evaluate the PERC rule in
patients with low implicit
clinical probability]

5/2007 to 12/2008

Ghanima et al, 2/2002 to 12/2003

2005 (47)

Penaloza et al, 5/2015 to 4/2016 NA

2017 (39)]|

VIDAS

STA-Liatest

CTPA No 240 63 (26)

MSCT Partly (only deaths 432 95(22)
were

adjudicated)

CTPAorV/Q Yes 705 153 (22)

CDR = clinical decision rule; CT = computed tomography; CTPA = computed tomography pulmonary angiography; CUS = compression ultraso-
nography; MSCT = multislice spiral computed tomography; NA = not available; PE = pulmonary embolism; PERC = pulmonary embolism rule-out

criteria; V/Q = ventilation-perfusion scan.

* This was not a management study. Patients were selected based on performed CTPA,; retrospectively, data on CDR and D-dimer were assessed.

Therefore, no patients were managed without CTPA.

T Patients were ruled out from having PE only if all CDRs concluded that PE was unlikely.

T Wells rule and revised Geneva score (both original and simplified version).

§ Only patients in whom PE was excluded at baseline based on a low clinical probability and low D-dimer (i.e., without imaging) were followed over time.

|| Only patients with nonlow clinical probability were included.
9 Patients were excluded if they had already been hospitalized for >2 d.

This safety measure is frequently applied in the field of
diagnostic studies in suspected PE and ideally should
have a point estimate dependent on PE prevalence at
baseline (26). For the analyses of efficiency, a model with
the classification by each rule as the outcome and an
intercept as a sole covariate was used. As such, efficiency
was quantified as a predicted probability of being cate-
gorized as “PE considered excluded” by each rule.

Next, the predicted diagnostic performance of each
decision rule in each subgroup was evaluated. To this
end, each subgroup variable was added as a covariate in
the multilevel logistic regression models described ear-
lier. For the models of safety, an interaction term between
each subgroup variable and the judgment based on each
prediction rule was added.

For all outcome measures, 95% Cls and 95% predic-
tion intervals were estimated by using the Gauss-Hermite
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quadrature approximation with 10 quadrature points. The
prediction intervals illustrate the performance that can be
expected when the diagnostic strategy is applied in a new
population, taking between-study heterogeneity into
account. As another measure for between-study hetero-
geneity, a random effect for an intercept in each multilevel
logistic regression model (tau [7]) was used. Furthermore,
the range of failure rates and efficiency of each diagnostic
strategy in each subgroup across included studies was
visualized using forest plots with the I statistic (27).

Missing Data

In the data set, variables were either partially missing (that
is, missing in a certain proportion of patients within a study) or
systematically missing (that is, completely missing in certain
studies). In accordance with statistical recommendations
(28, 29), those missing values were imputed using 1-stage,

Annals.org
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Table 2. Characteristics of the Complete Study Group

Study, Year (Reference) Patients, n Median Age (IQR),y  Female, n (%) Inpatients,n(%) Previous VTE, n (%) Tachycardia, n (%)
Overall 20553 58 (43-71) 12161 (59) 1606 (7.8) 2941 (14) 4383 (21)
Kline et al, 2012 (38) 334 57 (47-66) 200 (60) 334 (100) 50(15) 60(18)
Douma et al, 2011 (13) 807 54 (40-67) 487 (60) 163 (20) 39 (4.8) 184 (23)
Goekoop et al, 2007 (40) 876 50 (38-65) 549 (63) 0(0) 84 (9.6) 166 (19)
Righini et al, 2014 (8) 3324 63 (53-73) 1887 (57) 0(0) 466 (14) 722 (22)
Schouten et al, 2014 (41) 294 76 (67-84) 195 (66) 0(0) 52(18) 64 (22)
van Belle et al, 2006 (12) 3296 52 (39-68) 1897 (58) 605 (18) 427 (13) 690 (21)
Van der Hulle et al, 2017 (10) 3448 54 (40-67) 2142 (62) 468 (14) 360 (10) 693 (20)
Mos et al, 2014 (14) 279 54 (42-68) 164 (59) 36 (13) 279 (100) 59 (21)
Wicki et al, 2001 (42) 1089 62 (46-76) 597 (55) 0(0) 202 (19) 236 (22)
Perrier et al, 2004 (43) 965 63 (45-77) 562 (58) 0(0) 167 (17) 186 (19)
Perrier et al, 2005 (44) 1692 61 (45-75) 923 (55) 0(0) 300 (18) 369 (22)
Righini et al, 2008 (45) 755 63 (45-76) 453 (60) 0(0) 142 (19) 176 (23)
Kearon et al, 2019 (11) 2017 53 (38-66) 1335 (66) 1(0) 164 (8.1) 398 (20)
Galipienzo et al, 2012 (46) 240 67 (54-78) 122 (51) 0(0) 38(16) 56 (23)
Ghanima et al, 2005 (47) 432 58 (43-73) 231 (54) 0(0) 44.(10) 79(18)
Penaloza et al, 2017 (39) 705 61 (46-76) 419 (59) 0(0) 127 (18) 246 (35)

D-dimer Quant = quantitative measurement of D-dimer; DVT = deep venous thrombosis; ImmoSurg =
interquartile range; PE = pulmonary embolism; VTE = venous thromboembolism.

item); IOR =

multilevel chained equations with all items included in the
diagnostic strategies and the outcome. Ten imputation
data sets were created, and the results of the analyses
done separately in each set were combined using the
Rubin rule (30).

Sensitivity Analysis

Most studies included in this IPDMA used both imag-
ing and clinical follow-up as the reference standard.
However, VTE detected during follow-up could be a new
event (that is, absent at baseline and thus unrelated to the
index presentation), which is especially likely in high-risk
patients. Such differential verification may lead to a false
increase in failure rate. Thus, to evaluate the impact of this
differential verification on safety, we performed a sensitiv-
ity analysis in which only VTE events diagnosed at baseline
(based on imaging) were used as the outcome.

All analyses were performed using R, version 3.6.3 (R
Foundation for Statistical Computing;www.R-project.org),
particularly the Ime4 package.

Role of the Funding Source

This study was funded by the Dutch Research Council.
The steering committee, consisting of the authors, had final
responsibility for the study design, oversight, and data verifi-
cation and analyses. The sponsor was not involved in the
study. All members of the steering committee contributed to
the interpretation of the results, approved the final version of
the manuscript, and vouch for the accuracy and complete-
ness of the data reported. The final decision to submit the
manuscript was made by the corresponding author on
behalf of all coauthors.

ResuLTs
Study Selection and Included Patients

The literature search retrieved 3733 studies, of which
328 full texts were assessed for eligibility. Forty studies ful-
filled the predefined eligibility criteria, and corresponding
authors from these publications were invited to provide
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immobility or surgery in the last 4 wk (Wells

original IPD. Seventeen studies were eventually excluded
after the original data files were scrutinized. In the end, 23
studies were included, with a total of 35248 unique
patients (Appendix Figure 1).

After exclusion of studies with qualitative D-dimer
measurements only (31-36) and studies including only
patients with low CPTP (35-37), 16 studies were included in
the current analysis, involving a total of 20 553 patients. Of
note, the inpatients from the study by Kline and colleagues
(38) and the study patients with nonlow CPTP from the
PERCEPIC (Pulmonary Embolism Rule-Out Criteria Rule in
Patients With Low Implicit Clinical Probability) study (39)
were also included in the final analysis. Characteristics and
outcomes of the 16 included studies are summarized in
Table 1 (8, 10-14, 38-47). Characteristics of the complete
study group are provided in Table 2, and proportions of
missing values in each study are shown in Appendix Table
1 (available at Annals.org).

Heterogeneity in subgroup definitions between studies
was low in general. Although the definitions of immobiliza-
tion or surgery, clinical signs of deep venous thrombosis,
and PE as the most likely diagnosis followed those as per
the Wells rule in most studies, the original Geneva studies
collected these variables based on Geneva scoring items.
Previous VTE and active cancer followed the per-study defi-
nitions. In all studies except 2 (38, 42), imaging and anticoa-
gulant therapy were withheld in patients with a low clinical
probability and a negative D-dimer test result as per the de-
cision rule and D-dimer threshold in that specific study.
These patients were followed prospectively for 3 months
by telephone contact or a scheduled outpatient visit,
except for patients from the study by Kline and colleagues
(38), who were followed for only 30 days.

Main Outcomes

Table 3 shows the predicted overall safety of the dif-
ferent strategies (defined as the failure rate). The pre-
dicted failure rate among patients in whom imaging was
withheld was 0.36% (95% Cl, 0.20% to 0.63%) for the
Wells rule and 0.58% (Cl, 0.37% to 0.90%) for the revised

Annals of Internal Medicine 5


http://www.R-project.org
http://www.annals.org
http://www.annals.org

REVIEW

Ruling Out Pulmonary Embolism in Patient Subgroups

Table 2-Continued

ImmoSurg, n (%)  Active Hemoptysis,

Clinical Signs of

PE Most Likely Median D-Dimer Quant VTE Diagnosis, n (%)

Cancer, n (%) n (%) DVT, n (%) Diagnosis, n (%) (IQR), pg/L

3143 (15) 2218 (11) 942 (4.6) 1551 (7.5) 9503 (46) 800 (360-1780) 3932(19)
124 (37) 73(22) 7(2.1) 31(9.3) 132 (40) 1315(610-2758) 77 (23)
176 (22) 121 (15) 40 (5.0) 47 (5.8) 456 (57) 1055 (500-2415) 192 (24)
50(5.7) 17 (2.0) 31(3.5) 11(1.3) 415 (47) 430 (244-1000) 110(13)
392(12) 429 (13) 134 (4.0) 239(7.2) 1557 (47) 892 (473-2101) 639 (19)
88 (30) 28(9.6) 8(2.7) 35(12) 162 (55) 1731 (820-3840) 83 (28)
638(19) 375(11) 175 (5.3) 189 (5.7) 2027 (62) 801 (340-2075) 699 (21)
408 (12) 336(9.8) 137 (4.0) 112(3.2) 1619 (47) 670 (337-1508) 473 (14)
41(15) 52(19) 18 (6.4) 32(11) 169 (61) 982 (444-2540) 114 (41)
316(29) 138(13) 63(5.8) 147 (14) 447 (41) 860 (387-2593) 296 (27)
202 (21) 90(9.3) 43 (4.5) 174 (18) 288 (30) 950 (411-1000) 229 (24)
258 (15) 127 (7.5) 83(4.9) 153(9.0) 770 (46) 890 (370-1769) 361(21)
124 (16) 75 (9.9) 37 (4.9) 72 (9.6) 464 (62) 1001 (379-1001) 197 (26)
149 (7.4) 187 (9.3) 93 (4.6) 138(6.8) 423 (21) 490 (270-1160) 150(7.4)
51(21) 36(15) 27 (1) 24.(10) 53(22) 1071 (479-2429) 63 (26)
38(8.8) 32(7.3) 15(3.4) 56(13) 198 (46) 1000 (400-2725) 95(22)
88(13) 102 (15) 31(4.4) 91(13) 323 (46) 1001 (413-2170) 153 (22)

Geneva score when using the fixed D-dimer threshold of
500 ug/L. When the age-adjusted D-dimer threshold was
used, the predicted failure rate was 0.76% (Cl, 0.52% to
1.1%) for the Wells rule and 1.1% (Cl, 0.80% to 1.5%) for
the revised Geneva score. For strategies applying the D-
dimer threshold dependent on pretest probability, the
predicted failure rate was 1.8% (Cl, 1.4% to 2.4%) for the
YEARS algorithm, 2.8% (Cl, 2.3% to 3.5%) for the Wells
rule (PEGeD Wells), and 2.8% (Cl, 2.3% to 3.5%) for the
revised Geneva score (PEGeD Geneva). Table 4 shows
the predicted overall efficiency of the different diagnostic
strategies. The predicted overall efficiency was highest for
strategies applying the D-dimer threshold dependent on
pretest probability: The Wells rule (PEGeD Wells, 47% [CI,
42% to 52%)]) had the highest efficiency, followed by the
revised Geneva score (PEGeD Geneva, 44% [Cl, 39% to
50%]) and the YEARS algorithm (41% [Cl, 36% to 47%]).
The least efficient strategies were the Wells rule or the re-
vised Geneva score combined with a fixed D-dimer
threshold of 500 pg/L (26% [Cl, 22% to 31%] and 30% [Cl,
26% to 36%], respectively). The predicted efficiencies of
the Wells rule and the revised Geneva score when using
the age-adjusted D-dimer threshold were 32% (Cl, 27% to
37%) and 37% (Cl, 32% to 41%), respectively.

The predicted failure rate of the different diagnostic
strategies across different subgroups of patients is pre-
sented in Table 3, Figure 1, and Appendix Figure 5
(available at Annals.org). The predicted failure rate, as
well as the uncertainty around this point estimate, was
highest for the diagnostic strategies that used a D-dimer
threshold dependent on pretest probability, especially in
patients aged 80 years or older, patients with active can-
cer, and patients with a history of VTE. Predicted failure
rates varied between 3% and 4% in these subgroups.
The predicted efficiency of all strategies, presented in
Table 4, Figure 2, and Appendix Figure 5, was highest in
patients younger than 40 years, ranging from 47% to
54% when the fixed or age-adjusted D-dimer threshold
was used and from 64% to 68% when the D-dimer
threshold dependent on pretest probability was used.
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Across all strategies, predicted efficiency was lowest in
patients aged 80 years or older and in those with active
cancer, although efficiency increased considerably when
the age-adjusted D-dimer threshold or the D-dimer
threshold dependent on pretest probability was applied,
from 6% to 7% (with the fixed D-dimer threshold) to 17%
to 23% in patients aged 80 years or older and from 10%
to 12% (with the fixed D-dimer threshold) to 15% to 26%
in patients with active cancer.

For both failure rate and efficiency of each diagnostic
strategy, in general, there was considerable between-
study heterogeneity as shown by wide prediction inter-
vals, the 7 coefficients in each subgroup, and the forest
plots (Appendix Figures 6 and 7, available at Annals.org).

The sensitivity analysis using only VTE events diag-
nosed at baseline as the outcome yielded point esti-
mates for failure rate that were slightly lower than in the
main analysis (Appendix Table 2, available at Annals.
org).

DiscussioN

The main finding of this diagnostic IPDMA is that the per-
formance of the diagnostic strategies under study varied sub-
stantially across different patient subgroups. The predicted
failure rate was generally highest for strategies incorporating
adapted D-dimer thresholds. However, at the same time, pre-
dicted overall efficiency was substantially higher with these
strategies versus strategies with a fixed D-dimer threshold as
well. Efficiency was highest in patients younger than 40 years
and gradually decreased with age, with the lowest efficiency
in patients aged 80 years or older across all strategies. The
considerable increase in efficiency when applying variable
D-dimer thresholds in patients with cancer, elderly
patients, and patients with a history of VTE was accompa-
nied by predicted failure rates varying between 2% and
4% and, importantly, also by increasing uncertainty around
these estimates as reflected by wide confidence and pre-
diction margins (decreased precision and increased heter-
ogeneity, respectively).
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Table 3. Failure Rate* of the CDRs and D-Dimer Testing in Excluding PE, Overall and in Clinically Relevant Patient Subgroups

Variable Overall Sex Active Cancer History of VTE
Male Female No Yes No Yes

Wells score (fixed D-dimer), % 0.36 0.34 0.36 0.36 NEt 0.33 0.48
95% ClI 0.20-0.63 0.13-0.90 0.19-0.69 0.21-0.63 NE 0.19-0.58 0.09-2.6
95% PI 0.14-0.94 0.09-1.2 0.13-1.0 0.14-0.94 NE 0.14-0.77 0.07-3.4
Patients in the analysis, n 20553 8391 12162 18 334 2219 17 611 2942
7 Coefficient 0.35 0.34 0.35 0.28

Wells score (age-adjusted D-dimer), % 0.76 0.57 0.89 0.74 1.1 0.70 1.0
95% Cl 0.52-1.1 0.28-1.1 0.59-1.3 0.50-1.1 0.33-3.6 0.49-1.0 0.30-3.5
95% PI 0.33-1.7 0.20-1.6 0.39-2.0 0.32-1.7 0.25-4.7 0.35-1.4 0.23-4.3
Patients in the analysis, n 20553 8391 12 162 18 334 2219 17 611 2942
7 Coefficient 0.33 0.33 0.33 0.27

Revised Geneva score (fixed D-dimer), % 0.58 0.60 0.56 0.55 1.3 0.48 1.2
95% ClI 0.37-0.90 0.33-1.1 0.33-0.96 0.35-0.85 0.37-4.8 0.30-0.74 0.51-2.6
95% PI 0.22-1.5 0.21-1.7 0.21-1.5 0.21-1.4 0.26-6.6 0.21-1.1 0.39-3.3
Patients in the analysis, n 20553 8391 12162 18 334 2219 17 611 2942
7 Coefficient 0.39 0.39 0.39 0.29

Revised Geneva score (age-adjusted D-dimer), % 1.1 1.0 1.2 1.0 2.5 0.87 2.5
95% Cl 0.80-1.5 0.65-1.6 0.81-1.7 0.74-1.4 1.1-5.6 0.63-1.2 1.5-4.3
95% PI 0.46-2.6 0.40-2.6 0.48-2.8 0.43-2.5 0.73-8.0 0.43-1.7 1.1-5.7
Patients in the analysis, n 20553 8391 12 162 18 334 2219 17 611 2942
7 Coefficient 0.38 0.37 0.38 0.28

YEARS algorithm, % 1.8 2.2 1.6 1.7 3.4 1.5 3.5
95% ClI 1.4-2.4 1.5-3.0 1.2-2.2 1.3-2.3 1.9-6.0 1.2-1.9 2.3-5.2
95% PI 0.78-4.2 0.90-5.1 0.67-3.8 0.74-4.0 1.2-9.0 0.77-2.9 1.7-7.2
Patients in the analysis, n 20553 8391 12162 18 334 2219 17 611 2942
7 Coefficient 0.38 0.38 0.38 0.28

PEGeD algorithm (Wells), % 2.8 3.4 2.4 2.7 3.9 2.6 3.4
95% Cl 2.3-3.5 2.7-4.4 1.9-3.0 2.2-34 2.4-64 2.2-3.2 2.3-5.2
95% PI 1.3-5.8 1.6-7.2 1.1-5.0 1.3-5.7 1.6-9.2 1.4-4.8 1.7-7.0
Patients in the analysis, n 20553 8391 12162 18 334 2219 17 611 2942
7 Coefficient 0.34 0.34 0.34 0.27

PEGeD algorithm (Geneva), % 2.8 3.4 2.4 2.8 3.5 2.7 2.8
95% ClI 2.3-3.5 2.7-4.4 1.9-3.1 2.3-34 1.8-6.6 2.2-3.3 1.7-4.6
95% PI 1.3-5.8 1.6-7.1 1.1-5.0 1.3-5.8 1.3-9.1 1.5-4.9 1.3-6.1
Patients in the analysis, n 20553 8391 12162 18 334 2219 17 611 2942
7 Coefficient 0.34 0.33 0.34 0.27

CDR = clinical decision rule; NE = not estimable; PE = pulmonary embolism; PEGeD = The Pulmonary Embolism Graduated D-dimer study; Pl =

prediction interval; VTE = venous thromboembolism.

* Defined as the predicted 3-mo probability of VTE in patients with a low score on the CDR combined with a negative D-dimer test result.
T No failures were observed in patients with a low score on the CDR combined with a negative D-dimer test result.

The clinical consequences of interpreting the safety of
the different strategies are not straightforward for several
reasons. First, as dictated by the Bayes theorem, a higher
failure rate is to be expected in groups with a higher PE
risk, such as patients with cancer (26). These patients often
have persistent risk factors for PE, which can lead to infla-
tion of the predicted failure rate of the strategy. This is
supported by data showing that computed tomography
pulmonary angiography (CTPA) itself is not “failure rate
free,” with a reported 3-month VTE incidence of 1.2% (Cl,
0.48% to 2.6%) (48). However, in patients with a likely or
high clinical probability (score >4 on the dichotomized
Wells score and =6 on the 3-level Wells score), the failure
rate was even higher (2.0% [Cl, 1.0% to 4.1%] and 6.3%
[Cl, 3.0% to 13%], respectively) (48). Consequently, VTE
diagnosis after initial negative testing for PE is not neces-
sarily a “true” failure of the diagnostic strategy at baseline,
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because some of these are likely de novo thrombotic
events that are unrelated to the index presentation.
Therefore, a strategy with a failure rate exceeding the mar-
gin of 2% recommended by International Society on
Thrombosis and Haemostasis standards is not unsafe in
high-risk patients per se (26). Notably, this standard was
meant to guide the design of prospective studies and not
to determine clinical practice.

Second, and supporting the statements in the previ-
ous paragraph, increased use of imaging tests will lead
to a substantial increase in the detection of isolated sub-
segmental PE, a condition that may not always require
treatment (49, 50). Notably, in this IPDMA, the YEARS
algorithm and the Wells rule with a D-dimer threshold
dependent on pretest probability (PEGeD) appeared to
be less safe than reported in their original validation
studies, as was the case for use of an age-adjusted D-
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Table 4. Efficiency* of the CDRs and D-Dimer Testing in Excluding PE, Overall and in Clinically Relevant Patient Subgroups

Variable Overall Sex Active Cancer History of VTE
Male Female No Yes No Yes

Wells score (fixed D-dimer), % 26 26 27 28 9.6 30 12
95% ClI 22-31 22-31 22-32 24-34 7.4-12 25-35 9.5-15
95% PI 11-51 11-51 11-52 12-53 3.4-24 13-55 4.5-28
Patients in the analysis, n 20553 8391 12162 18 334 2219 17 611 2942
7 Coefficient 0.52 0.52 0.50 0.49

Wells score (age-adjusted D-dimer), % 32 31 32 34 15 36 15
95% Cl 27-37 27-36 27-37 29-39 12-18 31-40 12-18
95% PI 15-55 15-55 15-55 17-56 6.2-31 19-57 6.7-30
Patients in the analysis, n 20553 8391 12 162 18 334 2219 17 611 2942
7 Coefficient 0.46 0.46 0.44 0.41

Revised Geneva (fixed D-dimer), % 30 30 31 33 12 33 21
95% ClI 26-36 25-35 26-36 28-38 9.3-15 28-38 17-26
95% PI 13-55 13-54 14-55 15-57 4.6-27 15-58 8.6-43
Patients in the analysis, n 20553 8391 12162 18334 2219 17 611 2942
7 Coefficient 0.49 0.49 0.47 0.49

Revised Geneva (age-adjusted D-dimer), % 37 36 37 39 18 39 27
95% Cl 32-41 31-41 33-42 35-44 15-21 35-44 23-32
95% PI 19-58 19-57 20-59 22-60 8.5-34 21-60 14-47
Patients in the analysis, n 20553 8391 12 162 18 334 2219 17 611 2942
7 Coefficient 0.41 0.41 0.39 0.40

YEARS algorithm, % 41 40 42 44 21 44 32
95% ClI 36-47 35-45 37-47 39-49 17-25 39-49 27-37
95% PI 22-64 21-62 23-65 24-66 9.6-39 24-66 16-54
Patients in the analysis, n 20553 8391 12162 18 334 2219 17 611 2942
7 Coefficient 0.43 0.43 0.42 0.42

PEGeD algorithm (Wells), % 47 45 48 50 26 51 31
95% ClI 42-52 40-50 43-54 45-55 22-30 46-56 26-35
95% PI 26-69 24-67 27-70 29-71 12-46 30-72 15-52
Patients in the analysis, n 20553 8391 12 162 18 334 2219 17 611 2942
7 Coefficient 0.44 0.44 0.42 0.42

PEGeD algorithm (Geneva), % 44 42 46 48 17 48 26
95% ClI 39-50 37-48 40-51 42-53 14-21 43-54 22-31
95% PI 23-68 22-66 24-69 26-70 7.3-35 27-71 12-48
Patients in the analysis, n 20553 8391 12162 18 334 2219 17 611 2942
7 Coefficient 0.46 0.46 0.44 0.44

CDR = clinical decision rule; PE = pulmonary embolism; PEGeD = The Pulmonary Embolism Graduated D-dimer study; Pl = prediction interval;

VTE = venous thromboembolism.

* Defined as the predicted probability of ruling out PE based on the CDR and D-dimer testing alone. For example, the overall predicted efficiency
for the Wells score with a fixed D-dimer threshold was 26%. This number means that if one uses this strategy, 26% of the patients are likely to be
considered “PE ruled out” based on the strategy alone; thus, imaging can likely be avoided in 26% of the patients.

dimer threshold. These strategies refer fewer patients for
imaging than would have been the case with the fixed D-
dimer threshold of 500 pg/L. Because the strategy with a
D-dimer threshold dependent on pretest probability
was applied retrospectively in almost all studies in this
IPDMA, more patients actually underwent imaging than
in the prospective studies that originally validated this
strategy. As a result, a greater number of isolated sub-
segmental PE cases were probably detected, contribut-
ing to differential verification bias, as confirmed by a
recent study (51). Unfortunately, data on the location of
PE were not available in this IPDMA data set, precluding
strong conclusions.

Lastly, the failure rate of the strategies may have been
overestimated, especially for elderly patients and patients
with cancer, due to misclassification; patients who died
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during follow-up, which occurred frequently in these 2
categories, were often considered to have had recurrent
PE by the clinical event committees, even though these
recurrences were not confirmed by imaging or autopsy
(52). In this IPDMA, 40% of all PE recurrences were fatal (in
the studies where this information was available), repre-
senting patients who died during follow-up without suffi-
cient information to determine the likely cause of death.
Only in recent years was a more fair and practical defini-
tion of “fatal PE” for clinical trials adapted, classifying fatal
PE based on autopsy, imaging tests, or most likely cause
of death and not based on undetermined cause of death
(53). Importantly, patients who undergo imaging are not
included in the safety analysis of our study. In strategies
using adapted D-dimer thresholds, more patients man-
aged without imaging will die during follow-up, simply
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Figure 1. Failure rates with 95% Cls of the clinical decision rules and D-dimer testing in excluding pulmonary embolism versus age as

a continuous variable.
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Shading indicates 95% Cls. PEGeD = The Pulmonary Embolism Graduated D-dimer study.

because more patients are managed without imaging in
general. This may further lead to an overestimation of the
failure rate associated with adapted D-dimer thresholds.
From that point of view, studying the safety of a diagnostic
strategy in the complete population may be preferred,
rather than only in those managed without imaging.
Considering all of these factors, we do not believe that
there are safety concerns with the available strategies in
the patient subgroups included in our analyses, notwith-
standing the observation that some uncertainty and heter-
ogeneity of the failure rate remains, especially in the
oldest patients. Thus, given this uncertainty, and acknowl-
edging that patients in the subgroups studied in our anal-
ysis also remain at high risk for new thrombotic events
during follow-up, a reassessment should be initiated at a
relatively low threshold if symptoms progress or persist.

The results of this IPDMA demonstrate that efficiency
was highest for strategies applying adapted D-dimer
thresholds (age-adjusted or pretest probability-depend-
ent), as they increase the number of patients in whom PE
can be ruled out without imaging by up to 20% overall.
The relative efficiency increase with these variable D-dimer
thresholds was highest in the subgroups of elderly patients,
patients with cancer, and patients with a previous VTE.
From our analysis, it seems that D-dimer thresholds de-
pendent on pretest probability were more efficient than
age-adjusted thresholds.

Even though we could not identify an overall pre-
ferred diagnostic strategy, the numbers presented in this
study will inform physicians and policymakers as they
decide on the optimal strategy in their particular patient
subgroup, by balancing the risks of unnecessary CTPA
with possibly untreated PE on an individual basis. Our
interpretation of the findings is as follows. All studied
strategies can be used in both the overall population
with suspected PE and in relevant patient subgroups,
including elderly patients, those with cancer, or those
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with suspected recurrent VTE. In our practice, we there-
fore apply a strategy with adapted D-dimer thresholds
for obvious reasons of efficacy, with a number needed to
test to avoid 1 CTPA ranging from 10 patients when a
fixed D-dimer threshold is used to 3 or 4 patients when
an adapted D-dimer threshold is used. We acknowledge
that the clinical utility remains limited in the most elderly
patients, even when an adapted D-dimer threshold is
applied. Importantly, as the benefit of diagnostic strat-
egies for suspected PE is largely dependent on their cor-
rect application, we propose incorporating 1 strategy as
the standard of care in each individual hospital rather
than choosing a particular strategy based on the charac-
teristics of individual patients. After all, standardization is
key to achieving optimal adherence. Whether clinicians
should rely on the Wells rule, the YEARS algorithm, or
the revised Geneva score becomes a matter of local
preference and experience. Ultimately, in light of the
increasing uncertainty of our findings in specific sub-
groups, randomized controlled trials directly compar-
ing the application of different diagnostic strategies in
these subgroups are necessary to understand which
diagnostic strategy is superior. As an example, an
ongoing international randomized controlled trial in
patients with cancer and suspected PE is evaluating the
safety and efficiency of the YEARS algorithm, directly com-
pared with CTPA, in all patients (Netherlands Trial Register
NL7752).

The large number of patients included in this meta-
analysis is a major strength. This enabled more robust
subgroup analyses on frequently encountered subgroups
than was possible in the individual original studies alone.
Moreover, all studies reported original data on the
method of pretest probability assessment, assessed varia-
bles to calculate at least 1 decision rule, and used a well-
accepted diagnostic reference standard. Furthermore, af-
ter multilevel imputation of missing values, diagnostic

Annals of Internal Medicine 9


http://www.annals.org

REVIEW

Ruling Out Pulmonary Embolism in Patient Subgroups

Figure 2. Efficiency with 95% Cls of the clinical decision rules and D-dimer testing in excluding pulmonary embolism versus age as a

continuous variable.
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strategies were directly compared in the same set of stud-
ies, limiting bias due to between-study heterogeneity
(54). Still, important limitations need to be discussed. First,
although information collected during follow-up included
information on anticoagulant therapy for reasons other
than VTE and loss to follow-up, we were not able to
exclude these patients in the failure rate analyses as this
information was not available in most of the studies. This
approach could have led to an underestimation of the
observed failure rates. Second, there were some system-
atically missing values in our IPD. Rather than excluding
studies that had any systematically missing values, we
used 1-stage multilevel chained equations to impute
them. However, as in any other imputation method, these
methods require assumptions. Therefore, it remains possi-
ble that misspecification of our imputation model may
have affected our results. Finally, the availability and defi-
nition of items included in the diagnostic strategies dif-
fered between included studies. This between-study
heterogeneity was illustrated by the relatively wide pre-
diction intervals around the estimates, notably for elderly
patients, patients with cancer, and patients with a history
of VTE. Also, various D-dimer assays were used in the dif-
ferent studies. Although these widely used quantitative
assays have a high sensitivity for diagnosing PE, perform-
ance of these assays could have evolved over the course
of 20 years. Nevertheless, we believe that this reflects cur-
rent clinical practice, strengthening the external validity of
our results.

In conclusion, in this IPDMA, the safety and efficiency
of the studied diagnostic strategies varied across differ-
ent patient subgroups. Overall, the studied strategies
might all be considered safe across the predefined
patient subgroups, which does not allow for favoring one
over the other. Importantly, this conclusion was drawn on
the basis of the arguments of the Bayes theorem as well
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as verification and misclassification bias, which may have
led to an overestimation of the failure rate of strategies
with adapted D-Dimer thresholds. From an efficiency per-
spective, this IPDMA supports the use of these adapted D-
dimer thresholds. Pending the results of ongoing diagnostic
randomized trials, physicians and guideline committees
should balance the interlink between safety and efficiency of
available diagnostic strategies.
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APPENDIX: SEARCH STRING

((Validat$ OR Predict$.ti. OR Rule$) OR (Predict$
AND (Outcome$ OR Risk$ OR Model$)) OR ((History OR
Variable$ OR Criteria OR Scor$ OR Characteristic OR
Finding$ OR Factor$) AND (Predict$ OR Model$ OR
Decision$ OR Identif§ OR Prognos$)) OR (Decision$
AND (Model$ OR Clinical$ OR Logistic Models/)) OR
(Prognostic AND (History OR Variable$ OR Criteria OR
Scor$ OR Characteristics OR Finding$ OR Factor$ OR
Model$)) OR (“Stratification” OR “ROC Curve”[Mesh] OR
“Discrimination” OR “Discriminate” OR “c-statistic” OR “c
statistic” OR “Area under the curve” OR "AUC" OR
“Calibration” OR “Indices” OR “Algorithm” OR
“Multivariable”))

AND

(“pulmonary embolism”[MeSH Terms] OR (“pulmo-
nary”[ All Fields] AND “embolism"[All Fields]) OR “pul-
monary embolism"[All Fields])
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Appendix Figure 1. Flowchart of included studies.

Studies retrieved via literature
search (n=3733)

| Studies deemed irrelevant after title

and abstract screening (n = 3405)

Studies in which the full text
was screened (n =328)

y
Studies assessed for
eligibility (n = 40)

Studies excluded (n =288)
<50 PE cases: 109
No original data: 71
No prospective design: 42
No evaluation of clinical strategy: 44
Unclear health care setting: 5
Not about PE: 5
Follow-up <1 mo: 2
Other reason: 10

Y
Studies included in
the analyses (n =23)

Studies excluded (n =17)
Duplicate publication: 4
No CPTP assessment: 8
Data unavailable: 2
No response from original authors: 2
Wrong domain: 1

CPTP = clinical pretest probability; PE = pulmonary embolism.
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Appendix Figure 2. Risk-of-bias assessment using the QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies 2) tool.
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Appendix Figure 3. Diagnostic strategies under evaluation.

Diagnostic Strategy Wells Rule Revised Geneva Score YEARS Algorithm
Items and points Previous VTE 15 Previous VTE 3 Clinical signs of DVT
Heart rate >100/min 1.5 Heart rate Hemoptysis
Surgery or immobilization <4 wk 15 75-94/min 3 PE most likely diagnosis
Hemoptysis 1 295/min 5
Active cancer 1 Surgery or fracture <1 mo 2
Clinical signs of DVT 3 Hemoptysis 2
Alternative diagnosis less likely
than PE 3 Active cancer 2
Unilateral lower limb pain
Pain on lower limb, deep venous
palpation, and unilateral edema 4
Age>65y 1
CPTP assessment The original classification The original classification Low 0 items
Low 0-1.5 Low 0-3 High 21 item
Intermediate 2-6 Intermediate 4-10
High 265 High =11
Unlikely 0-4 For only D-dimer dependent on CPTP
Likely 24.5 Low 0-5
For only D-dimer dependent on CPTP Intermediate 6-10
Low 0-4 High =11
Moderate 4.5-6
High 26.5
Assessment of D-dimer
testing
Qualitative D-dimer Normal Negative Normal Negative
Abnormal Positive Abnormal Positive NA
Quantitative D-dimer with
the traditional cutoff Normal <500 pg/L Normal <500 pg/L
Abnormal =500 pg/L Abnormal =500 pg/L NA
Quantitative D-dimer <500 pg/L for younger <500 pg/L for younger
adjusted to age Normal than 50 y Normal than 50 y NA
<Age x 10 for 50 y or <Age x 10 for 50 y or
older older
=500 pg/L for younger =500 pg/L for younger
Abnormal than 50 y Abnormal than 50 y
>Age x 10 for 50 y or >Age x 10 for 50 y or
older older
<1000 pg/L for
Quantitative D-dimer <1000 pg/L for a low <1000 pg/L for a low a low clinical
dependent on CPTP Normal clinical probability Normal clinical probability Normal probability
<500 pg/L fora <500 pg/L for an <500 pg/L fora
moderate clinical intermediate clinical high clinical
probability probability probability
21000 pg/L for
>1000 pg/L for a low 21000 pg/L for a low a low clinical
Abnormal clinical probability Abnormal clinical probability Abnormal probability
=500 pg/L for a =500 pg/L for an 2500 pg/L for a
moderate clinical intermediate clinical high clinical
probability probability probability
; ; : ; ; Low or high plus abnormal
For traditional or age-adjusted D-dimer testing, Low or intermediate plus abnormal D-dimer testing. High or Dodimer ltgestipn;.
unlikely, low, or intermediate plus abnormal D-dimer  likely regardless of D-dimer testing.

testing, or high or likely regardless of D-dimer testing.

In all other patients, PE is considered ruled out. In all other patients, PE is

Further testing considered ruled out.

For D-dimer dependent on CPTP, low or moderate
plus abnormal D-dimer testing, or high regardless
of D-dimer testing.

In all other patients, PE is considered ruled out.

CPTP = clinical pretest probability; DVT = deep venous thrombosis; NA = not applicable; PE = pulmonary embolism; VTE = venous thromboembolism.

Annals of Internal Medicine * Vol.175 No. 2 * February 2022 Annals.org


http://www.annals.org

Appendix Figure 4. Diagnostic strategies for suspected PE in the present individual-patient data meta-analysis.

| Wells score or revised Geneva rule for suspected acute PE | | YEARS algorithm for suspected acute PE |
|Wel|s score/revised Geneva rule | Order D-dimer test and score presence of the 3 YEARS items:
I 1. Clinical signs of DVT
v 7 2. Hemoptysis
PE unlikely or PE likely or 3. PE most likely diagnosis
low/moderate high CPTP |
CPTP

A

D-dimer testing*

0 YEARS items 0 YEARS items 1-3 YEARS items 1-3 YEARS items
+ D-dimer + D-dimer + D-dimer + D-dimer
1000 pg/L =1000 pg/L 500 pg/L =500 pg/L
Negative Positive = Ke Ke = ke ke
result result

‘L l A A v
| PE excluded | | Order CTPA | | Order CTPA PE excluded Order CTPA PE excluded Order CTPA

CPTP = clinical pretest probability; CTPA = computed tomography pulmonary angiography; DVT = deep venous thrombosis; PE = pulmonary embo-
lism.

* Fixed (<500 pg/L) or age-adjusted (age x 10 pg/L in patients aged >50 years) D-dimer testing in “PE unlikely” patients, or D-dimer testing dependent
on CPTP in patients with low and moderate CPTP (<1000 pg/L and <500 pg/L, respectively).
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Appendix Table 1. Proportions of Missing Values in Each Study

Variable Study, Year (Reference)
Kline Douma Goekoop Righini Schouten Van Van der Mos Wicki Perrier Perrier Righini Kearon Galipi Ghani Penal
etal, etal, etal, etal, etal, Belle Hulle etal, etal, etal, etal, etal, etal, etal, etal, etal,
2012 2011 2007 2014 2014 etal, etal, 2014 2001 2004 2005 2008 2019 2012 2005 2017
(38) (13) (40) (8) (41) 2006 2017 (14) (42) (43) (44) (45) (11) (46) (47) (39)
(12) (10)
Patients, n 334 807 876 3324 294 3296 3448 279 1089 965 1692 755 2017 240 432 705
Inpatient 0 0 0 0 0 0 0 2.9 0 0 0 0 0 0 0 0
Sex 0 0 0 0 0 0.3 0 04 0 0 0 0 0 0 0 0
Age 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BMI 2.1 9.8 100 31.7 100 100 471 33.7 100 100 100 100 100 100 100 100
Previous VTE 0 0 0.2 0 1 0.2 0.1 0 0 0.2 0 0 0 0 0.5 0
Heart rate 0 0 100 49 3.4 100 2 61.3 0.1 0.4 0.1 0.4 100 100 42 0
Tachycardia 0 0 0.1 4.9 3.4 0.2 2 61.3 0.1 0.4 0.1 0.4 0 0 4.2 0
ImmoSurg 0 0 0 0 0.3 0.2 0.1 244 0 0 0 0 0 0 0 0
Hemoptysis 0 0 0.2 0.1 0.7 0.2 0 262 0 0 0 0 0 0 28.5 0
Cancer 0 0 0.1 0 0.3 0.2 0.1 208 0 0.3 0 0 0 0 0.7 0
Congestive heart 0 0.2 1.4 3.4 1 0.5 0 10 100 0 13.6 0 100 100 100 3.1
failure
Chronic lung disease 0 0.1 1.4 3.1 1.7 0.5 0 1.5 0 0 0 0 100 100 100 100
Clinical signs of DVT 0 0 0.1 2.7 0 0.2 0 208 373 0 0.1 0.1 0 0 28.7 0
Estrogen use 0 0.7 1.3 1.5 0 1.1 1 151 0 0 0 0 66.2 0 0.5 0
Duration of 100 2 0.5 100 2.7 2.1 0.7 1.4 100 100 100 100 0.1 100 28.7 29.2
symptoms
PE most likely 33 0 0 0 0 0.2 0 17.9 100 35 2.3 1.1 0 0 100 0
diagnosis
Systolic blood 0.9 100 100 6.3 11.6 100 100 100 0.3 0.6 0.3 0.5 100 100 100 100
pressure
Peripheral Spo, 0.9 100 100 9.1 100 100 100 100 100 143 55 23 100 100 100 100
D-dimer qual 100 100 100 100 6.1 100 100 100 O 0 0.5 0.1 100 100 100 100
D-dimer quant 0 7.4 8.9 7.3 50 15.6 0.2 272 0 0.1 0.5 1.2 0.6 25 0 13.2
VTE diagnosed at 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0 0 0
baseline or

during follow-up

BMI = body mass index; D-dimer qual = qualitative D-dimer measurement; D-dimer quant = quantitative D-dimer measurement; DVT = deep ve-
nous thrombosis; ImmoSurg = immobility or surgery in the previous 4 wk (Wells item); PE = pulmonary embolism; Spo, = oxygen saturation; VTE =
venous thromboembolism.
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Appendix Figure 5. Crosshair figures of safety versus efficiency of the clinical decision rules and D-dimer testing in clinically relevant
patient subgroups (according to main analysis).

Male Female
60 — 60
50 50
40 40
> >
o o
5] 5
5 307 5 307
b b
— Wells score with fixed D-dimer
20 20 — Wells score with age-adjusted D-dimer
— Revised Geneva with fixed D-dimer
Revised Geneva with age-adjusted D-dimer
10— 10 — YEARS algorithm
— PEGeD algorithm with Wells
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0+ 0
T T T T T T T T T T
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The intersection of the 2 lines indicates the point estimate of the predicted failure rate and efficiency, and the 95% Cl is indicated by the length of both

lines. VTE = venous thromboembolism.
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Appendix Table 2. Failure Rate* of the CDRs and D-dimer Testing in Excluding PE, Overall and in Clinically Relevant Patient
Subgroups (Sensitivity Analysis Including Only VTE Events Diagnosed at Baseline)

Variable Overall Sex Age Active Cancer History of VTE
Male Female <40y 40-59y 60-79y =80y No Yes No Yes
Wells score (fixed D-dimer), % 0.30 0.31 0.29 0.15 0.29 0.57 NET 0.30 NET 0.27 0.45
95% Cl 0.16-0.55 0.12-0.83 0.14-0.58 0.04-0.54 0.12-0.71 0.22-1.5 NE 0.17-0.55 NE 0.15-0.50 0.08-2.5
95% PI 0.11-0.79  0.09-1.1 0.10-0.82 0.03-0.72 0.09-0.97 0.16-2.0 NE 0.12-0.79 NE 0.11-0.66 0.06-3.2
Patients in the analysis, n 20553 8391 12162 4229 6854 7104 2366 18 334 2219 17 611 2942
7 Coefficient 0.33 0.33 0.33 0.33 0.27
Wells score (age-adjusted D-dimer), % 0.65 0.45 0.79 0.15 0.43 1.1 2.2 0.63 1.1 0.60 0.98
95% Cl 0.43-0.98 0.21-0.94 0.52-1.2  0.05-0.48 0.21-0.88 0.61-2.0 1.0-4.9 0.42-0.96 0.31-3.5 0.40-0.88 0.26-3.7
95% PI 0.29-1.5 0.16-1.3  0.35-1.8  0.04-0.62 0.15-1.2  0.44-2.8 0.76-6.4 0.28-1.4  0.24-45 0.29-1.2 0.20-4.6
Patients in the analysis, n 20553 8391 12162 4229 6854 7104 2366 18 334 2219 17 611 2942
7 Coefficient 0.32 0.31 0.31 0.32 0.27
Revised Geneva score (fixed D-dimer), % 0.48 0.50 0.46 0.30 0.37 1.0 NET 0.46 0.70 0.39 0.92
95% Cl 0.30-0.77 0.25-0.99 0.26-0.80 0.13-0.72 0.18-0.74 0.52-2.0 NE 0.29-0.74 0.11-4.2 0.24-0.64 0.37-2.3
95% PI 0.18-1.2 0.17-1.5 0.17-1.2  0.09-1.0  0.12-1.1 0.35-3.0 NE 0.18-1.2  0.08-5.6 0.18-0.88 0.29-2.9
Patients in the analysis, n 20553 8391 12162 4229 6854 7104 2366 18 334 2219 17 611 2942
7 Coefficient 0.37 0.37 0.37 0.37 0.28
Revised Geneva score (age-adjusted D-dimer), % 0.96 0.83 1.0 0.30 0.53 1.7 3.0 0.89 2.1 0.74 2.2
95% Cl 0.68-1.3 0.49-14 0.72-15 0.13-0.70 0.30-0.96 1.1-2.6 1.7-54  0.63-1.3  0.82-5.0 0.53-1.0 1.2-3.9
95% Pl 0.41-2.2  0.32-2.1 0.44-2.4  0.09-0.99 0.20-1.4 0.70-40 1.1-7.9  0.38-2.1 0.58-7.0 0.37-1.5  0.93-5.1
Patients in the analysis, n 20553 8391 12162 4229 6854 7104 2366 18 334 2219 17 611 2942
7 Coefficient 0.36 0.36 0.35 0.36 0.28
YEARS algorithm, % 1.6 1.9 1.4 0.99 1.7 2.1 2.8 1.6 2.1 1.3 3.2
95% Cl 1.2-2.2 1.4-2.8 1.0-2.0 0.62-1.6 1.2-2.4 1.4-31 1.3-58  1.2-21 0.91-48 1.0-1.8 2.1-4.8
95% PI 0.72-3.7 0.83-45 0.62-3.3 0.39-25 0.72-40 0.86-4.9 0.91-82 0.70-3.6 0.64-6.7 0.70-2.5 1.5-6.4
Patients in the analysis, n 20553 8391 12162 4229 6854 7104 2366 18 334 2219 17 611 2942
7 Coefficient 0.36 0.36 0.36 0.36 0.27
PEGeD algorithm (Wells), % 2.6 3.1 2.2 2.0 2.5 3.1 3.3 2.6 2.5 2.4 3.2
95% Cl 2.1-3.2 2.4-41 1.8-2.8 1.5-2.8 1.9-3.3 23-42 1858 21-32 1.3-48  2.0-3.0 2.1-4.8
95% Pl 1.3-5.2 1.5-6.4 1.1-4.5 0.94-44 1.2-52 1.5-6.5 1.3-8.1 1.3-5.2 0.94-6.6 1.3-4.4 1.5-6.4
Patients in the analysis, n 20553 8391 12162 4229 6854 7104 2366 18 334 2219 17 611 2942
7 Coefficient 0.32 0.32 0.33 0.32 0.26
PEGeD algorithm (Geneva), % 2.6 3.2 2.3 2.0 2.8 3.1 29 2.6 2.1 2.5 2.6
95% Cl 2.1-3.2 2.5-4.1 1.8-2.9 1.5-2.8 2.2-3.6 23-42 15-56 22-33 0.86-5.1 2.1-3.1 1.5-4.3
95% PI 1.3-5.2 1.6-6.4 1.1-4.6 0.94-43 1.3-57 1.5-65 1.1-76 1.3-0.3 0.64-6.7 1.4-4.5 1.2-5.6
Patients in the analysis, n 20553 8391 12162 4229 6854 7104 2366 18 334 2219 17 611 2942
7 Coefficient 0.32 0.32 0.32 0.32 0.26

CDR = clinical decision rule; NE = not estimable; PE = pulmonary embolism; PEGeD = The Pulmonary Embolism Graduated D-dimer study; Pl =

prediction interval; VTE = venous thromboembolism.

* Defined as the predicted probability of VTE in patients with a low score on the CDR combined with a negative D-dimer test result.

T No failures were observed in patients with a low score on the CDR combined with a negative D-dimer test result.
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