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ABSTRACT

ObjeCtive
To validate all diagnostic prediction models for ruling 
out pulmonary embolism that are easily applicable in 
primary care.
Design
Systematic review followed by independent external 
validation study to assess transportability of retrieved 
models to primary care medicine.
setting
300 general practices in the Netherlands.
PartiCiPants
Individual patient dataset of 598 patients with 
suspected acute pulmonary embolism in primary care.
Main OutCOMe Measures
Discriminative ability of all models retrieved by 
systematic literature search, assessed by calculation 
and comparison of C statistics. After stratification into 
groups with high and low probability of pulmonary 
embolism according to pre-specified model cut-offs 
combined with qualitative D-dimer test, sensitivity, 
specificity, efficiency (overall proportion of patients 
with low probability of pulmonary embolism), and 
failure rate (proportion of pulmonary embolism cases 
in group of patients with low probability)  were 
calculated for all models.
results
Ten published prediction models for the diagnosis of 
pulmonary embolism were found. Five of these models 
could be validated in the primary care dataset: the 
original Wells, modified Wells, simplified Wells, 
revised Geneva, and simplified revised Geneva 
models. Discriminative ability was comparable for all 

models (range of C statistic 0.75-0.80). Sensitivity 
ranged from 88% (simplified revised Geneva) to 96% 
(simplified Wells) and specificity from 48% (revised 
Geneva) to 53% (simplified revised Geneva). Efficiency 
of all models was between 43% and 48%. Differences 
were observed between failure rates, especially 
between the simplified Wells and the simplified 
revised Geneva models (failure rates 1.2% (95% 
confidence interval 0.2% to 3.3%) and 3.1% (1.4% to 
5.9%), respectively; absolute difference −1.98% 
(−3.33% to −0.74%)). Irrespective of the diagnostic 
prediction model used, three patients were incorrectly 
classified as having low probability of pulmonary 
embolism; pulmonary embolism was diagnosed only 
after referral to secondary care.
COnClusiOns
Five diagnostic pulmonary embolism prediction 
models that are easily applicable in primary care were 
validated in this setting. Whereas efficiency was 
comparable for all rules, the Wells rules gave the best 
performance in terms of lower failure rates.

Introduction
Pulmonary embolism is a potentially fatal condition if 
left untreated. Its presentation can be relatively mild, 
sometimes even mimicking myalgia or a simple cough. 
This causes pulmonary embolism to be a diagnosis that 
is easily missed.1 2 As a result, physicians have a low 
threshold for suspicion and subsequent referral for fur-
ther diagnostics.3 4  Referred patients will be exposed to 
the burden, costs, and even potential iatrogenic damage 
of diagnostic techniques such as spiral computed tomog-
raphy or contrast nephropathy.5 However, only in a small 
subset (about 10-15%) of all suspected cases are emboli 
actually confirmed during diagnostic investigation.6

Several non-invasive diagnostic prediction models 
have been developed for safe exclusion of pulmonary 
embolism and are usually followed by D-dimer testing.7  
Physicians can use these models as a strategy to 
enhance the efficiency of the diagnostic process by pre-
cluding those patients with a low probability of pulmo-
nary embolism from further diagnostic tests, without 
compromising on safety (that is, missing cases of pul-
monary embolism). Such diagnostic strategies can 
reduce the number of unnecessary computed tomogra-
phy scans by 35%, with only 1-2% of missed cases in the 
group of patients with a low probability of pulmonary 
embolism.7

In many countries, general practitioners are the first 
physicians to encounter patients with symptoms 
 suggestive of pulmonary embolism. Risk stratification 

WhAT IS AlReAdy knoWn on ThIS TopIC
A low Wells score (≤4) in combination with a negative qualitative point of care 
D-dimer test safely excludes pulmonary embolism in about 4/10 patients in primary 
care
More diagnostic prediction models for pulmonary embolism have been developed 
and validated in secondary care, but clinical performance of these other models in 
primary care is unknown

WhAT ThIS STudy AddS
The (simplified) versions of the Wells rule and the revised Geneva scores exclude 
4/10 patients on the basis of a low predicted risk of pulmonary embolism and a 
negative point of care D-dimer test
Use of the original and simplified revised Geneva score, in combination with a point 
of care D-dimer test, was associated with a higher proportion of pulmonary 
embolism patients missed, compared with use of the Wells rules in primary care
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is valuable in deciding which patients to refer. All diag-
nostic models for safe exclusion of pulmonary embo-
lism have been developed and validated in hospital or 
acute care settings. However, diagnostic prediction 
models developed in a particular setting often perform 
less well when applied in another setting. Therefore, 
models derived in hospital or acute care settings 
 cannot simply be implemented in primary care.8-14  
 Reasons for this poorer performance include differ-
ences in the case mix and the prevalence of pulmonary 
embolism due to the unselected population, as well as 
differences in physicians’ experience of patients with 
suspected pulmonary embolism.9 10 15 16 Hence, when 
transferring diagnostic models or strategies across 
healthcare settings, evaluation of their performance in 
this other setting is necessary first. This form of exter-
nal validation is referred to as domain or setting valida-
tion,8 10 17  or as quantification of the transportability of 
prediction models.13 18

The recent AMUSE-2 study (Amsterdam, Maastricht, 
Utrecht Study on thrombo-Embolism)19  has been the 
first to prospectively quantify the transportability of 
the, perhaps best known, secondary care derived diag-
nostic prediction model for pulmonary embolism (that 
is, the Wells pulmonary embolism rule,20 combined 
with point of care D-dimer testing) in a primary care set-
ting. Various other diagnostic pulmonary embolism 
prediction models that may also be valuable for primary 
care have been developed but have not been validated 
in a primary care population.

The aim of this study was therefore to assess the clin-
ical performance in a primary care setting of all existing 
diagnostic models developed for patients with sus-
pected pulmonary embolism. We firstly did a systematic 
review and critical appraisal of all available diagnostic 
models for pulmonary embolism, as recommended by 
guidelines on prediction models research.21 Next, the 
diagnostic models easily applicable in primary care 
were validated in the AMUSE-2 dataset—that is, a large 
independent prospectively constructed cohort of 
patients presenting to their general practitioner with 
complaints suggestive of pulmonary embolism.

Methods
updated systematic review
For our systematic review and critical appraisal of the 
existing diagnostic models for pulmonary embolism, 
we followed the recent methodological guidance by the 
Prognosis Methods Group of the Cochrane Collabora-
tion.21-24

Firstly, we framed the review question and design by 
using the CHARMS checklist for systematic reviews of 
prediction models (see appendix box A).21  We then 
repeated the systematic search previously performed 
for an aggregate meta-analysis by Lucassen et al and 
used the same study selection criteria.7 We searched for 
studies on development and validation of diagnostic 
prediction models published between January 2010 and 
October 2014. Details on the search syntax can be found 
in appendix figure A. We then critically appraised 
 studies on the development of diagnostic prediction 

models by using the CHARMS checklist (appendix 
table  A). All retrieved papers were examined by two 
independent reviewers (JH, GJG) and a third indepen-
dent reviewer (KGMM) in case of disagreement.

Given the scope of our systematic review (see appen-
dix box A), we assessed all diagnostic prediction mod-
els for pulmonary embolism, retrieved by our search, 
on their applicability in a primary care domain. Accord-
ingly, the diagnostic predictors or tests included in the 
diagnostic model needed to be measurable at the gen-
eral practitioner’s office. Variables such as signs and 
symptoms, items from history taking, pulse rate, or 
blood pressure are easily and quickly obtained in pri-
mary care, whereas results from (arterial) blood gas 
analyses, chest radiographs, or advanced electrocardio-
graph interpretations generally are not. Diagnostic 
models with predictors that cannot easily be obtained 
in primary care were excluded from the main analyses.

validation cohort
Population characteristics
The AMUSE-2 cohort was designed to prospectively val-
idate the Wells pulmonary embolism rule in a Dutch 
primary care setting. The study took place between 1 
July 2007 and 31 December 2010. In short, it included 
662 adult patients presenting at one of the participating 
general practices with complaints raising suspicion of 
pulmonary embolism (that is, acute dyspnoea, pain on 
inspiration, or unexplained cough; all at the discretion 
of the including physicians). Of these patients, 64 met 
one of the predefined exclusion criteria of anticoagu-
lant treatment at presentation, pregnancy, or unwilling-
ness or inability to provide written informed consent, 
leaving 598 patients for further evaluation. More details 
of this cohort and the sample size calculation are 
described elsewhere.19

Predictors
In all participants, the general practitioner assessed rel-
evant information on general health and specific car-
diopulmonary and signs and symptoms of deep venous 
thrombosis by systematically filling out a pre-specified 
case record form. Subsequently, a qualitative point of 
care D-dimer test (Simplify D-dimer; Clearview, Inver-
ness Medical, Bedford, UK) was performed. This test 
returns a visual dichotomous outcome; a positive test 
result is indicated by a pink-purple coloured line that 
appears on the disposable device within 10 minutes of 
application. This corresponds to a D-dimer concentra-
tion above 80 ng/mL. Only a control line will be visible 
if the test is negative. In case of an inconclusive test 
result, we classified the result as positive.

All predictors in the validation cohort were assessed 
blinded for the outcome. Exact definitions and mea-
surement methods of the predictors in the validation 
cohort have been described previously.19

Outcome
The study protocol recommended referral of all 
patients with suspected pulmonary embolism to sec-
ondary care, regardless of the outcome of the Wells 
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rule or D-dimer test. In secondary care, the regular 
diagnostic pathway according to local hospital guide-
lines was followed, with no explicit blinding for the 
general practitioner’s findings. This usually com-
prised a combination of estimated probability and 
quantitative laboratory based D-dimer testing and was 
followed by diagnostic imaging if indicated. The pri-
mary outcome was the presence of venous thrombo-
embolism (either deep venous thrombosis or 
pulmonary embolism), as based on a composite refer-
ence standard of all diagnostic imaging tests per-
formed in the hospital (spiral computed tomography, 
ventilation-perfusion scanning, pulmonary angiogra-
phy, leg ultrasonography, and clinical probability 
assessment as performed in secondary care, with or 
without D-dimer testing) and including any occur-
rence of venous thromboembolic events during three 
months of follow-up in primary care.

Data analysis
For all diagnostic prediction models, we retrospectively 
calculated the individual score of each included patient 
on the basis of the presence or absence of the model’s 
predictors. We compared the overall discriminative 
ability of the models, using the C statistic (that is, the 
area under the curve) of the receiver operating charac-
teristics curve, with 95% confidence intervals. We 
assessed differences between the C statistics with the 
DeLong method.25

To stratify all participants in the validation cohort 
into categories of low or high probability of having pul-
monary embolism, we used the diagnostic pathway as 
recommended by guidelines (fig 1): first the stratifica-
tion based on the cut-off value of each diagnostic model 
as suggested in the development papers for the model, 
followed by a D-dimer test in case of a low predicted 
probability of pulmonary embolism. A subsequent neg-
ative D-dimer test implied a low predicted probability of 
pulmonary embolism and no need for referral to sec-
ondary care. In all other cases, the high predicted 
 probability of pulmonary embolism meant referral for 
further objective testing.

For the Wells rule, two cut-off values have been pro-
posed: low risk (≤4) and very low risk (<2). Given the 
prevalence in this primary care cohort and following 
previous publications on this topic, we chose to use 
the first of these cut-off values for all subsequent 
 analyses.19 26 We then calculated the common diag-
nostic accuracy measures of the models (that is, sen-
sitivity, specificity, and positive and negative 
predictive  values).

From a clinical point of view, a diagnostic prediction 
model should ideally classify as many patients as pos-
sible in the non-referral group, but not at the expense 
of an increase in pulmonary embolism events missed 
in this group. Therefore, we evaluated the clinical per-
formance of each model (combined with D-dimer) by 
focusing on the efficiency and the failure rate. We 
defined efficiency as the proportion of patients in the 
whole cohort stratified to the group with low predicted 
probability of pulmonary embolism (that is: (true neg-
atives (tn)+false negatives (fn))/total cohort). We 
defined failure rate as the proportion of these patients 
with low predicted probability of pulmonary embolism 
ultimately diagnosed as having pulmonary embolism 
on the basis of our composite reference standard (that 
is: fn/(tn+fn)). We calculated differences in failure 
rates between the models, with the surrounding 95% 
confidence intervals. We then varied the cut-off values 
as proposed in the model development studies to 
 evaluate the influence of different cut-off values on the 
outcome measures. Failure rates were displayed in a 
forest plot, together with the failure rates found in 
 previous validation studies of the different models with 
D-dimer testing.

Finally, we constructed calibration plots for the diag-
nostic prediction models. With calibration plots, the 
agreement between the predicted and observed proba-
bility of pulmonary embolism can be visualised. In the 
absence of a reported intercept for the models, we re-es-
timated the intercept in the validation cohort by using 
the linear predictor as offset in a logistic regression 
model including the model coefficients.

In the dataset, we imputed missing values for predic-
tors by using multiple imputation techniques before 
our analyses.27 28 Imputation was performed to mini-
mise the effect of the bias associated with selectively 
ignoring these patients. In case of a high percentage of 
missing values, no imputation was performed. Instead, 
the main analysis was carried out with all missing val-
ues assigned as the predictor being absent. In a sensi-
tivity analysis, all missing values were assigned as the 
predictor being present.

We used IBM SPSS version 21 for descriptive statisti-
cal analyses. We used R version 3.2.0 for forest plots and 
the calculation of differences in C statistics (DeLong 
method) and failure rates.

reporting
The results of this validation study were reported in 
adherence to the TRIPOD (Transparent Reporting of a 
multivariable prediction model for Individual Prognosis 
Or Diagnosis) guideline (see appendix table C).29  30

Pulmonary embolism suspected

Diagnostic prediction model

High predicted riskLow predicted risk

D-dimer test

Referral to
secondary care

PositiveNegative

Referral to
secondary care

Pulmonary
embolism
ruled out

Fig 1 | Flow scheme of diagnostic pathway in suspected 
pulmonary embolism in primary care
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Patient involvement
No patients were involved in setting the research ques-
tion or the outcome measures; nor were they involved 
in recruitment or in the design and implementation of 
the study. There are no plans to involve patients in 
 dissemination.

Results
Our systematic literature search identified four model 
validation studies but no newly developed models in 
addition to the 10 models previously found with the 
search by Lucassen (fig 2 ). Of these 10 models, we 
excluded two models (the Pisa rule31  and the original 
Geneva score32 ) from further analysis on the basis of the 
predetermined criteria for validation in our primary 
care cohort (fig 2 ). The original, modified, and simpli-
fied Wells rules, the revised Geneva scores, the revised 
Pisa rule, the pulmonary embolism rule-out criteria 
(PERC) rule, and the Charlotte rule fulfilled the prede-
termined primary care criteria.20 33-38 However, owing to 
complete missing information on the predictors oxygen 

saturation and body temperature in our dataset, we 
were not able to validate the revised Pisa rule, the PERC 
rule, and the Charlotte rule, leaving five models for fur-
ther evaluation. See appendix table B for an overview of 
all diagnostic models identified in this study, including 
the five models that were tested in the individual patient 
dataset of our validation cohort: the original, modified, 
and simplified Wells rules and the original and simpli-
fied revised Geneva scores.

Of the four recently published validation studies 
identified by our search, only one study reported the 
results of the combination of the prediction model and 
D-dimer testing and was used in this current update.19  
The observed failure rates from previous development 
and validation studies, and this validation of the pre-
diction models, are shown in a forest plot (fig 3).

external validation
In the validation cohort, venous thromboembolism was 
diagnosed in 73 of 598 patients (72 pulmonary embo-
lism, 1 deep venous thrombosis) during the complete 
three month follow-up period (prevalence 12%). Table 1 
shows the baseline characteristics of the cohort, as well 
as the baseline characteristics observed in the develop-
ment studies of the validated diagnostic prediction 
models. The main differences between the four devel-
opment cohorts and the current validation cohort 
include the prevalence of the outcome, mean age, and 
percentage of male participants.

All models had moderate to good discriminative abil-
ity, with a C statistic ranging from 0.75 (simplified 
revised Geneva score) to 0.80 (original and modified 
Wells rules) (largest difference P=0.038; simplified 
revised Geneva v original Wells) (table 2 and appendix 
figure B).

For the originally suggested thresholds of the three 
Wells rules (original Wells, modified Wells, and simpli-
fied Wells, all with D-dimer testing if low predicted 
probability of pulmonary embolism), sensitivity was 
around 95%; it was slightly lower for the Geneva score 
models (88-90%). All five diagnostic models showed a 
specificity of approximately 50% (table 3 ). The simpli-
fied revised Geneva model was observed to be the most 
efficient rule (48%; 287 non-referred patients in cohort 
of 598 patients with suspected pulmonary embolism), 
but it was also associated with the highest failure rate 
(nine missed events in 287 non-referred patients; 
3.1%). The largest difference in failure rates was 
observed between the simplified Wells and simplified 
revised Geneva score (−1.98%, 95% confidence inter-
val −3.33% to −0.74%) (table 4). Interestingly, three of 
these nine patients were missed by all rules under 
study. These three patients are described in more 
detail in the box.

Overall, a one point lower cut-off (low risk original 
Wells ≤3 and D-dimer negative) affected the failure rate 
of each model little (failure rate 0.9-2.9%) but hampered 
its efficiency, especially for the simplified Wells rule 
(table 5). Conversely, an increased cut-off was more effi-
cient, ranging from 49% to 54%, but more pulmonary 
embolism events were missed.

Model development studies (n=10)

Models remaining (n=7)

Model validation studies (n=4)

Models validated (n=5)Model validation studies (n=1)

Studies remaining (n=5270)

Studies remaining (n=4722)

Studies remaining (n=119)

PubMed (n=2443) Models retrieved by
Lucassen et al (n=10)

Embase (n=2817)

Duplicates removed (n=548)

Excluded aer scanning
title and abstract (n=4603)

Exclusion aer close reading (n=3):
  No model validation with D-dimer (n=3)

Models not validated: missing data
  oxygen saturation (n=2):
    Charlotte rule, PERC criteria (n=2)

Models not easily applicable in primary
  care (n=3):
    Arterial blood gas, chest radiography
      (Geneva rule) (n=1)
    Chest radiography, electrocardiography
      (Pisa rule) (n=1)
    Electrocardiography (revised Pisa rule)
      (n=1)

Excluded aer close reading abstract (n=105):
  Abstract conference (n=20)
  Cost e�ectiveness analysis (n=2)
  Domain not ful�lled (n=42)
  Determinant not ful�lled (n=11)
  Outcome not ful�lled (n=1)
  Full text not available (n=3)
  Restrospective (n=8)
  Other (n=18)

Fig 2 | Overview of selection of studies that developed or validated prediction models for 
diagnosis of pulmonary embolism, based on literature search in PubMed and embase. 
PerC=pulmonary embolism rule-out criteria
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As can be appreciated from appendix figure C, the 
calibrations of the Wells rules and the revised Geneva 
score were good and comparable. Calibration of the 
simplified revised Geneva score was slightly worse, 
especially in the highest tenth of predicted risk.

discussion
Our systematic review identified 10 previously devel-
oped diagnostic prediction models to rule out pulmo-
nary embolism. Of these, we evaluated five models for 
their transportability to primary care in an independent 
cohort of 598 patients. We found that all five models 
could rule out pulmonary embolism in about four in 
every 10 patients. However, we observed a difference in 
favour of the three Wells rules compared with the 
revised Geneva models in terms of safety. The propor-
tion of cases of pulmonary embolism in those patients 
identified as being at low risk was substantially lower 
for the Wells rules.

strengths and limitations
Strengths of this study are that—to the best of our 
knowledge—this is the first study to validate multiple 
diagnostic strategies for ruling out pulmonary embo-
lism in the primary care setting. Furthermore, the vali-
dated models were selected on the basis of an extensive 
literature search and critical appraisal of the models. 
For this, we used the guidance of the CHARMS checklist 
of the Cochrane Collaboration.21 Moreover, we focused 
on the clinical performance measures of efficiency and 
failure rate; we believe that our results are relevant to 
daily practice, as these measures reflect the effect on 
clinical practice of using a diagnostic prediction model. 
Nevertheless, for full appreciation of our results, some 
limitations need to be considered.

Firstly, our study was conducted in the Netherlands, 
a country with a well developed primary care structure 
in which general practitioners are the healthcare gate-
keepers. Although in many west European countries, 
Canada, Australia, New Zealand, and parts of the 
United States, general practitioners play a rather com-
parable role in the healthcare system, our results may 
be less generalisable to healthcare settings where pri-
mary care medicine is less well developed.

Secondly, our case record form was primarily 
designed to score the items of the original Wells pulmo-
nary embolism rule with the aim of validating this diag-
nostic model in a primary care setting. Accordingly, 
participating general practitioners were not asked to 
score all items of other diagnostic prediction models at 
the moment of inclusion, although results for the scores 
of the other models could be calculated post hoc. How-
ever, in almost 60% of patients in our cohort data were 
lacking on pain on deep vein palpation, which is part of 
the Geneva models. In the main analysis, we assigned 
all missing values to “no pain.” In a sensitivity analysis, 
we repeated all analyses with all missing values consid-
ered as “pain present.” Results did not alter, indicating 
a limited influence of the frequently missing item in the 
whole prediction rule.

Thirdly, five more prediction models have been devel-
oped but were not validated in this study. Two models 
did not meet our a priori defined primary care criteria. 
As they rely heavily on predictors not frequently 
assessed in primary care, such chest radiography 
results, the applicability of these models in primary 
care is limited. These predictors were not routinely col-
lected in our validation cohort. Also, we did not have 
information on oxygen saturation and fever. Following 
guidelines on validation of prediction models, we 
wanted to refrain from simplification of the models by 
excluding some predictors and then refitting the new 
model on our data, as that would lead to the develop-
ment of even more models. Simply omitting these miss-
ing predictors from the full models without further 
refitting would lead to structural underestimation of 
risks and poor clinical performance. Therefore, we 
refrained from validation of these five diagnostic 
 prediction models in our primary care cohort.

Fourthly, debate is ongoing about the accepted 
 failure rates in clinical practice. Although no true 

Wells rule, cut-o� <2
  Wells (d) 2000
  Wells (v) 2000
  Wells 2001
  Anderson 2005
  Kline 2006
  Geersing 2012
Total
Wells rule, cut-o� ≤4
  Wells (d) 2000
  Wells (v) 2000
  Steeghs 2005
  Van Belle 2006
  Kearon 2006
  Goekoop 2007
  Douma 2011
  Geersing 2012
Total
Modi�ed Wells rule
  Current 2015
Total
Simpli�ed Wells rule
  Douma 2011
  Current 2015
Total
Revised Geneva score
  Klok 2008
  Righini 2008
  Douma 2011
  Current 2015
Total
Simpli�ed revised Geneva score
  Klok 2008
  Douma 2011
  Current 2015
Total

0.015 (0.004 to 0.037)
0.027 (0.003 to 0.096)
0.002 (0.000 to 0.013)
0.000 (0.000 to 0.010)
0.012 (0.007 to 0.020)
0.012 (0.001 to 0.042)
0.009 (0.006 to 0.014)

0.022 (0.002 to 0.060)
0.017 (0.011 to 0.041)
0.006 (0.000 to 0.032)
0.005 (0.002 to 0.011)
0.011 (0.003 to 0.027)
0.004 (0.001 to 0.016)
0.005 (0.000 to 0.030)
0.015 (0.004 to 0.037)
0.009 (0.006 to 0.014)

0.015 (0.004 to 0.038)
0.015 (0.004 to 0.038)

0.006 (0.000 to 0.031)
0.012 (0.002 to 0.033)
0.009 (0.003 to 0.023)

0.000 (0.000 to 0.037)
0.000 (0.000 to 0.007)
0.005 (0.000 to 0.030)
0.027 (0.011 to 0.055)
0.007 (0.003 to 0.014)

0.000 (0.000 to 0.016)
0.005 (0.000 to 0.029)
0.031 (0.014 to 0.059)
0.014 (0.007 to 0.026)

0 0.025 0.050 0.075 0.100

Model and study Failure rate
(95% CI)

Failure rate
(95% CI)

Fig 3 | Forest plot of failure rates in development and validation studies of diagnostic 
prediction models, if combined with D-dimer testing

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.h4438 on 8 S
eptem

ber 2015. D
ow

nloaded from
 

http://www.bmj.com/


doi1 02.00;6/bmj.hhh;38 | BMJ   2015;101hhh;38 | the bmj

RESEARCH

6

 consensus exists, some people consider an upper 95% 
confidence interval boundary of a failure rate higher 
than 3% to be too high, although previous landmark 
studies in the field of diagnosing pulmonary embolism 
found failure rates with an upper 95% confidence inter-
val boundary close to 4%.20  Others focused on the point 
estimate of the failure rate instead, which should be 
under 2% given that even the most invasive diagnostic 
procedure (digital subtraction angiography) cannot 
diagnose all pulmonary embolism events and misses 

about 2% of cases.39 We observed failure rates of the 
Wells rules of 1.2-1.5%, which is well below this 2% 
point estimate but with a 95% confidence interval that 
crosses 3%. Importantly, however, these boundaries for 
the 95% confidence interval are not necessarily the 
“true” values but reflect the remaining uncertainty 
around the point estimate.

Fifthly, for scoring the item “pulmonary embolism 
most likely,” Wells originally suggested that information 
on electrocardiography, routine laboratory tests, and 

table 2 | Head to head comparison of C statistics of five diagnostic prediction models (without D-dimer testing) to rule 
out pulmonary embolism, validated in primary care aMuse-2 cohort (n=598), using Delong method25

Models compared (model 1 v model 2)
C statistic

estimated difference (95% Ci) P valueModel 1 Model 2
Original Wells v simplified Wells 0.801 0.787 0.014 (−0.004 to 0.032) 0.132
Original Wells v modified Wells 0.801 0.798 0.003 (−0.001 to 0.007) 0.114
Original Wells v original revised Geneva 0.801 0.756 0.045 (−0.007 to 0.097) 0.091
Original Wells v simplified revised Geneva 0.801 0.748 0.053 (0.003 to 0.103) 0.038
Simplified Wells v modified Wells 0.787 0.798 −0.011 (−0.028 to 0.006) 0.203
Simplified Wells v original revised Geneva 0.787 0.756 0.031 (−0.017 to 0.079) 0.207
Simplified Wells v simplified revised Geneva 0.787 0.748 0.039 (−0.005 to 0.083) 0.084
Modified Wells v original revised Geneva 0.798 0.756 0.043 (−0.010 to 0.096) 0.113
Modified Wells v simplified revised Geneva 0.798 0.748 0.050 (0.000 to 0.100) 0.048
Original revised Geneva v simplified revised Geneva 0.756 0.748 0.008 (−0.010 to 0.026) 0.388

table 1 | baseline characteristics of participants in external validation cohort (aMuse-2; patients presenting in primary care, with suspected 
pulmonary embolism), and baseline characteristics of development studies of five diagnostic prediction models. values are numbers (percentages) 
unless stated otherwise

Characteristics
aMuse 2 validation 
cohort (n=598)

Original Wells20 
(n=1260)

Modified/simplified 
Wells33 (n=3306)

Original revised 
geneva34 (n=965)

simplified revised 
geneva35 (n=1049)

Male sex 173 (28.9) NR 1409 (42.6) 403 (41.8) 414 (39.5)
Mean (SD) age, years 48 (16) NR 53 (18) 61 (19) 56 (SD NR)
Venous thromboembolic events 73 (12.2) NA NA NA 241 (23.0)
Pulmonary embolism cases 72 (12.0) 222 (17.6) 674 (20.4) 222 (23.0) 241 (23.0)
items Wells rule
Clinical signs and symptoms of DVT 57 (9.5) NR 190 (5.7) NR NR
Alternative diagnosis less likely 333 (55.7) NR 2032 (61.5) NR NR
Heart rate >100 bpm 111 (18.6) NR 867 (26.2) NR NR
Immobilisation or recent surgery 94 (15.7) NR 610 (18.5) 232 (24.0) NR
Previous pulmonary embolism or DVT 84 (14.0) 160 (12.7) 480 (14.5) 166 (17.2) NR
Haemoptysis 21 (3.5) NR 176 (5.3) 43 (4.5) NR
Malignancy 26 (4.3) NR 476 (14.4) 89 (9.2) NR
items revised geneva score
Age >65 years 103 (17.2) NR NR NR NR
Heart rate:
 <75 bpm 187 (31.3) NR NR NR NR
 75-94 bpm 259 (43.3) NR NR NR NR
 >94 bpm 152 (25.4) NR NR NR NR
Lower limb pain 96 (16.1) NR NR 138 (14.3) NR
Oedema/swelling 48 (8.0) NR NR NR NR
Pain and swelling*† 22 (3.7) NR NR 51 (5.3) NR
 Pain on lower limb deep venous  
 palpation†

34 (5.7) NR NR NR NR

Pain and swelling*‡ 24 (4.0) NR NR NR NR
 Pain on lower limb deep venous  
 palpation‡

391 (65.4) NR NR NR NR

D-dimer measurement
Qualitative D-dimer positive 259 (43.3) NR NA§ NA NA§
DVT=deep venous thrombosis; NA=not applicable; NR=not reported.
*“Pain and swelling” is a composite variable, formed by variable “Oedema/swelling” present and/or variable “pain on deep vein (DV) palpation” present.
†Missing values for “pain on DV palpation” (n=357 (59.7%)) were assigned as “pain on DV palpation” absent.
‡Missing values for “pain on DV palpation” (n=357 (59.7%)) were assigned as “pain on DV palpation” present.
§Quantitative D-dimer test instead of qualitative point of care D-dimer test performed.
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chest radiographs would be needed. These items are 
often not readily available in primary care, which may 
hamper the scoring of this subjective item in the Wells 
rule in primary care. Given that we observed good results 
for the Wells rule in primary care, it would be of interest 
to know how general practitioners actually interpret this 
subjective item. One hypothesis could be that this sub-
jective item reflects the presence or absence of risk fac-
tors for venous thromboembolism, such as recent long 
haul flights or oestrogen use. However, when comparing 
the distribution of known risk factors for the subjective 
item scored or not, we observed no clear differences 
(data not shown). Although this remains speculative, we 
believe that this subjective item “pulmonary embolism 
most likely” may reflect contextual knowledge from gen-
eral practitioners on how symptoms are usually pre-
sented by their patients. Qualitative studies suggested 
that a consideration of “pulmonary embolism most 
likely” might come into the mind if a given patient pres-
ents symptoms differently (“out of the ordinary”) com-
pared with previous consultations.1 Such contextual 
knowledge is often stronger in primary care, given the 
longstanding relationship that general practitioners 
often have with their patients.

Sixthly, despite the fact that most patients with the 
eventual diagnosis of pulmonary embolism were iden-
tified as having a high probability of pulmonary embo-
lism by the validated diagnostic prediction models, 
three patients were missed by all of the rules. As shown 
in the box, these patients’ characteristics were diverse, 
but two were young women who were taking oral 
 contraception.

Finally, we used a qualitative point of care D-dimer test 
in this study. These tests are known to have a relatively 
lower sensitivity than laboratory based quantitative 
tests.40 41 Potentially, this resulted in a higher number of 
false negative results. However, specificity of point of care 
tests is higher, which favours the efficiency of the test. 
Moreover, the ease of performing a point of care test on 
the spot and having the results available within 15 min-
utes are convenient in a primary care  setting. The trade-
off between harms (increase in false negatives) and 
benefits (increased efficiency, quick point of care testing) 
should ideally be assessed in a cost effectiveness analysis.

relation to development and validation studies
Multiple studies have evaluated the diagnostic perfor-
mance of the five diagnostic prediction models under 

Characteristics of three cases missed by all five diagnostic prediction models 
combined with D-dimer testing when validated in aMuse-2 cohort, consisting of 
598 primary care patients with suspected pulmonary embolism

Case 1—75 year old man
Venous thromboembolism in history; heart rate 59 bpm
Simplify D-dimer negative
Scores of models:
•	Original Wells—1.5 (previous PE)
•	Modified Wells—1.0 (previous PE)
•	Simplified Wells—1.0 (previous PE)
•	Original revised Geneva—4.0 (age >65, previous PE)
•	Simplified revised Geneva—2.0 (age >65, previous PE)

Case 2—30 year old woman
Use of oral contraceptives; heart rate 92 bpm
Simplify D-dimer negative
Scores of models:
•	Original Wells—3.0 (PE most likely diagnosis)
•	Modified Wells—2.0 (PE most likely diagnosis)
•	Simplified Wells—1.0 (PE most likely diagnosis)
•	Original revised Geneva—3.0 (heart rate 75-94 bpm)
•	Simplified revised Geneva—1.0 (heart rate 75-94 bpm)

Case 3—25 year old woman
Use of oral contraceptives; heart rate 80 bpm
Simplify D-dimer negative
Scores of models:
•	Original Wells—0.0
•	Modified Wells—0.0
•	Simplified Wells—0.0
•	Original revised Geneva—3.0 (heart rate 75-94 bpm)
•	Simplified revised Geneva—1.0 (heart rate 75-94 bpm)

PE=pulmonary embolism; bpm=beats per minute.

table 3 | Diagnostic accuracy measures of five diagnostic prediction models, combined with point of care D-dimer testing, to rule out pulmonary embolism, 
validated in primary care aMuse-2 cohort (n=598), with (95% confidence intervals)

Measure Original Wells ≤4 Modified Wells ≤2 simplified Wells ≤1
Original revised geneva 
≤5*

simplified revised 
geneva ≤2*

Sensitivity 95% (87% to 98%) 95% (87% to 98%) 96% (88% to 99%) 90% (81% to 96%) 88% (78% to 94%)
Specificity 51% (47% to 55%) 50% (46% to 55%) 49% (45% to 53%) 48% (44% to 53%) 53% (49% to 57%)
Positive predictive value 21% (17% to 26%) 21% (17% to 26%) 21% (17% to 25%) 20% (15% to 24%) 21% (16% to 26%)
Negative predictive value 99% (96% to 100%) 99% (96% to 100%) 99% (97% to 100%) 97% (95% to 99%) 97% (94% to 99%)
Efficiency 46% (41% to 50%) 45% (41% to 49%) 43% (39% to 48%) 44% (40% to 48%) 48% (44% to 52%)
Failure rate 1.5% (0.4% to 3.7%) 1.5% (0.4% to 3.8%) 1.2% (0.2% to 3.3%) 2.7% (1.1% to 5.4%) 3.1% (1.4% to 5.9%)
*Main analysis used composite variable “pain and swelling,” in which missing values for “pain on deep vein (DV) palpation” were assigned as “pain on DV palpation” absent; results for analysis in 
which all missing values were assigned as “pain on DV palpation” present are identical and are not presented separately.

table 4 | Differences in failure rates between different diagnostic prediction models in 
aMuse-2 cohort (with 95% confidence intervals based on 200 bootstrap samples)

Comparison (model 1 v model 2)
Difference between failure 
rates (model 1 v model 2)

Original Wells v simplified Wells 0.32% (−0.08% to 1.04%)
Original Wells v modified Wells −0.02% (−0.04% to 0.00%)
Original Wells v original revised Geneva −1.21% (−2.49% to 0.14%)
Original Wells v simplified revised Geneva −1.67% (−3.21% to −0.27%)
Simplified Wells v modified Wells −0.33% (−1.06% to 0.06%)
Simplified Wells v original revised Geneva −1.53% (−2.80% to −0.36%)
Simplified Wells v simplified revised Geneva −1.98% (−3.33% to −0.74%)
Modified Wells v original revised Geneva −1.20% (−2.47% to 0.18%)
Modified Wells v simplified revised Geneva −1.65% (−3.21% to −0.25%)
Original revised Geneva v simplified revised Geneva −0.45% (−1.23% to 0.21%)
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study in a secondary (or tertiary) care setting. The failure 
rates observed in our validation study in primary care 
are largely in line with the previous studies regarding 
the performance of the Wells rules in combination with 
D-dimer testing, as can be appreciated from figure 3: 
most secondary care studies yielded a failure rate of the 
diagnostic approach of combining the Wells rule with 
D-dimer testing around 1% (range 0.5-2.2%), whereas in 
our study we observed a failure rate close to 1.5% for the 
Wells rules combined with D-dimer testing. 

Contrastingly, for the (simplified) revised Geneva 
scores, the failure rates observed in this primary care 
cohort are slightly higher than those in the previous 
studies (fig 3). Reasons for this are not entirely clear, but 
one can think of the differences in cohort characteris-
tics that might have influenced the diagnostic perfor-
mance. Importantly, the revised Geneva scores have 
been developed in a tertiary care setting, with a pre- 
selected and thus more severe disease presentation. 
Conversely, an unselected patient population and a 
lower prevalence of pulmonary embolism are typical 
features of a primary care setting, and such differences 
in case mix of patients can influence the diagnostic per-
formance of the rule. 

Clinical implications and conclusions
On the basis of our findings of a (slightly) higher failure 
rate for the Geneva rules, we propose that these rules 
are less suitable for use in this particular setting, specif-
ically when compared with the Wells rules. We would 
suggest that general practitioners use the (simplified 
version of the) Wells rule, combined with a (point of 
care) D-dimer test. Pulmonary embolism can be 
excluded in about four in every 10 patients with sus-
pected pulmonary embolism, with an acceptably low 
failure rate of below 2%.
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