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ABSTRACT

Background
We have evaluated a simplified version of the revised Geneva score, which is a fully standardized
clinical decision rule (CDR) in the diagnostic work-up of suspected pulmonary embolism (PE).

Methods
Data regarding 1049 patients from 2 prospective diagnostic trials that included patients with
suspected PE were combined. We constructed the simplified CDR by attributing 1 point to each
item of the original CDR and compared the diagnostic accuracy of the 2 versions by receiver
operating characteristic (ROC) analyses. We also assessed the safety of ruling out PE on the
basis of the combination of either a low- or intermediate clinical probability (using a 3-level
scheme) or a “PE unlikely” assessment (using a dichotomized rule) with the simplified rule in
combination with a normal highly sensitive D-dimer test result.

Results
Area under the curve for the original revised Geneva score was comparable to that of the simpliChapter 3

fied score (0.75, 95% confidence interval [CI] 0.71-0.78 vs. 0.74, 95% CI 0.70-0.77). During a three
months follow-up period, no patient with a combination of either a low (0%; 95% CI 0.0%-1.7%)
or intermediate (0%; 95% CI 0.0%-2.8%) clinical probability, or a “PE unlikely” assessment (0%;
95% CI 0.0%-1.2%) with the simplified score and a normal D-dimer test result was diagnosed
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with symptomatic venous thromboembolism.

Conclusion
This study suggests that simplification of the revised Geneva score does not lead to a decrease
in diagnostic accuracy or clinical utility of the score, which should be confirmed in a prospective
study.
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INTRODUCTION
A clinical decision rule (CDR) can be defined as an instrument containing variables obtained
from history, physical examination and simple diagnostic tests quantifying the likelihood of a
diagnosis, prognosis, or likely response to treatment in an individual patient.1 CDRs are especially utilized in clinical circumstances involving common problems to simplify and increase the
accuracy of the clinicians’ diagnostic and prognostic assessments. Because of the nonspecific
nature of the presenting signs and symptoms of acute pulmonary embolism (PE), this diagnosis
is clinically suspected in many patients who report respiratory or chest distress. As a result of
this, the prevalence of PE in this population is relatively low. Several CDRs have been developed
to assist the clinician in diagnostic decision making of suspected PE.2 Correct implementation
of CDRs in diagnostic strategies has been proven to decrease the need for expensive, timeconsuming and invasive diagnostic imaging procedures. Moreover, the venous thromboembolism (VTE) failure rate is acceptably low when anticoagulant treatment is withheld in patients in
whom PE is ruled out by various non-invasive diagnostic criteria including a CDR.3-5
Although 2 CDRs for the pretest probability of PE have been extensively validated, i.e. the
Wells rule and the Geneva score, both have practical limitations.6-10 A fully standardized rule
exclusively based on objective clinical items, the revised Geneva score, has been developed
and validated recently.9,10 The revised Geneva score is independent of physicians’ implicit
judgement, which makes this CDR objective and easily reproducible.10 The score consists of
8 variables with different individual weights (Table 1), which might lead to miscalculations in
acute patient care. Also, a more complicated score may be less likely to be used by clinicians or
remembered correctly.11 Therefore, we evaluated whether a simplified version of the revised
Geneva score in which each variable is attributed 1 point (Table 1), would retain its diagnostic

Table 1. Simplification of the revised Geneva score.
Original

Simplified

Age >65 years

Variable

1

1
1

Previous DVT or PE

3

Surgery or fracture within 1 month

2

1

Active malignancy

2

1

Unilateral lower limb pain

3

1

Hemoptysis

2

1

Heart rate 74-94 beats/min

3

1

Heart rate ≥95 beats/min*

5

1

Pain on lower limb deep vein palpation and unilateral edema

4

1

*By the original score, patients are awarded 0 points (heart beat <74 beats/min), 3 points (heart rate 74-94
beats/min) or 5 points (heart rate ≥95 beats/min); by the simplified score, patients are awarded 1 point if
the heart rate exceeds 73 beats/min and one additional point (2 points in total) if the heart rate exceeds
94 beats/min. DVT=deep vein thrombosis, PE=pulmonary embolism.
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accuracy and clinical usefulness. To test this hypothesis, we compared the performance of the
original and the simplified revised Geneva scores in 2 large patient cohorts.

METHODS

Patients
Data from 2 large prospective diagnostic trials that included patients with suspected PE were
used and combined for the validation of the simplified revised Geneva score.3,4 In the first trial
(study A), consecutive patients with suspected PE admitted to the emergency department
of 3 teaching hospitals (Geneva University Hospital, Geneva, Switzerland; Angers University
Hospital, Angers, France; and Hôpital Européen Georges-Pompidou, Paris, France) between
August 1st 2002 and November 30th 2003 were eligible for inclusion.3 The Geneva score was
assessed in all patients before further diagnostic testing.7 In patients with either a low or intermediate probability, plasma D-dimer levels were measured using a quantitative assay (VIDAS
D-Dimer Exclusion Test; BioMerieux, Marcy L’Etoile, France). Pulmonary embolism was ruled out
in patients with a level below the cut-off value of 500 ng/mL. Patients with a D-dimer level
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greater than 500 ng/mL as well as patients with high clinical probability underwent proximal
venous-compression ultrasonography of the lower limbs and multi-detector row computed
tomography (CT). Patients with CT findings indicating PE or patients with respiratory distress
in combination with ultrasonography that showed deep venous thrombosis received antico26

agulant treatment, whereas such therapy was withheld in patients in whom both test results
were normal.
In the second study (study B), the clinical effectiveness of a simplified algorithm using the
dichotomized Wells rule, D-dimer tests and CT in patients with suspected PE was evaluated.4
Only patients from the Leiden University Medical Center who participated in that study were
included in the present analysis. Pulmonary embolism was considered to be excluded if the
diagnosis of PE was unlikely (Wells score ≤4 points) in combination with a normal quantitative D-dimer test result. When the Wells score was 4 or less in combination with an increased
D-dimer value or when the diagnosis of PE was likely (Wells score >4), the diagnosis of PE was
established by CT. Patients in both studies were followed for three months. Patients with confirmed venous thromboembolism (VTE) were brought back for reexamination. All other patients
were instructed to report any new signs of VTE to their general practitioner or to the emergency
department of the participating hospitals. At the end of the three months follow-up period, all
patients were interviewed by telephone and were asked to disclose all health-related events
since their hospital discharge. The family physician was contacted whenever a possible event
was disclosed by the interim history, and charts were reviewed if a patient was readmitted to
the hospital for any cause or died during the follow-up period. Recurrent VTE was diagnosed
according to standardized criteria.3,4 Both studies were approved by the Institutional Review
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Board of all participating hospitals, and all patients provided written informed consent before
they were enrolled.
In study A, D-dimer testing was part of the diagnostic work-up of all patients with either
a low or intermediate probability according to the Geneva score. In study B, D-dimer tests
were performed only in patients with a Wells score of 4 points or less. This resulted in missing
D-dimer data for 69 patients in the low- and intermediate probability group and for 29 patients
in the unlikely clinical probability group as assessed by the simplified revised Geneva score.

Assessment of the revised Geneva score
In study A, the data collection form was identical to that used in the derivation study of the
original revised Geneva score, allowing retrospective calculation of the simplified revised
Geneva score for each patient. In study B, the Wells rule was used for assessing clinical probability. The revised Geneva score comprises 4 variables not included in the Wells rule: age, unilateral
lower limb pain, heart rate, and signs of deep venous thrombosis (pain on lower limb deep
venous palpation and unilateral edema). The 4 variables absent from the original database were
extracted from the medical charts in a prespecified standard way by 2 independent observers
after blinding of the diagnosis (PE or no PE) by a third person not involved in the data extraction. Lower limb pain and signs of deep venous thrombosis were routinely recorded in patient
charts in the setting of a clinically suspected PE. Therefore, there were no missing data.10
In the simplified revised Geneva score, all variables were given 1 point if present (Table 1).
Because of the different weights of increasing heart rate in the original score, we attributed 1
point to a heart rate between 75 and 94 beats/min and an additional point for a heart rate of
95 beats/min or more.

Data analysis
Patient characteristics and outcomes of both studies were combined in a single database.
Optimal cut-off points for the simplified Geneva score were determined by receiver operating
characteristic (ROC) analysis. To account for the existence of both 3-level (low, intermediate, or
high clinical probability) and 2-level (PE unlikely or likely) schemes in clinical practice, we set
cut-off points for both schemes. Diagnostic accuracy of the simplified revised Geneva score and
the revised Geneva score was compared by means of the area under the curve (AUC) in ROC
analyses. Contrasting the AUC for the continuous scores was designed to compare the original
and simplified rule precisely, using all possible point scores. However, the continuous score is
not meant for clinical use. Hence, we additionally compared the 3-level classification scheme
of both scores. Lastly, we studied the clinical course of patients with a normal D-dimer result
in different clinical probability categories using the simplified revised Geneva score. Statistical
analysis was performed by using SPSS software (SPSS for Windows 14.0.2; SPSS Inc, Chicago,
Illinois). P-values <0.05 were considered statistically significant.
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RESULTS

Patients
Study A included 756 outpatients. They had a mean (± standard deviation) age of 60 (±19)
years, 454 were female (60%) and 194 patients (26%) were diagnosed with acute PE. However,
owing to missing values mainly for heart rate, the revised Geneva score could not be computed
for 7 patients, leaving 749 for the present analysis, including 192 patients with PE (26%). Three
hundred patients in study B with suspected PE were included in the present study. These
patients were 47 (±16) years old at time of diagnosis, 181 were female (60%) and 289 were
outpatients (96%). The overall prevalence of PE in this cohort was 16% (49 patients). Taken as a
whole, the complete study population consisted of 1049 patients with a PE prevalence of 23%
(241 patients).

Predictive accuracy of the simplified score
After selecting the optimal cut-off points for the 3-level scheme, a low clinical probability
was defined as a score of 0 or 1 point, an intermediate probability as 2 to 4 points, and a high
probability as 5 points or more. With the use of these cut-off points, 378 patients (36%) were
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assigned to the low clinical probability category (prevalence of PE 7.7%, 95% confidence
interval [CI] 5.2-11%), 629 patients (60%) to the intermediate clinical probability category
(prevalence of PE 29%, 95% CI 26-33%), and 42 patients (4.0%) to the high clinical probability
category (prevalence of PE 64%, 95% CI 48-79%; Table 2). The optimal cut-off point for the
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2-level scheme was 3 points. Patients with a score of 0 to 2 were categorized as being unlikely
to have PE and those with a score of 3 or more as likely to have PE (Table 2); 681 patients (65%)
were designated unlikely to have PE (prevalence of PE, 13%, 95% CI 11-16%) and 368 patients
(35%) were designated likely to have PE (prevalence of PE 42%, 95% CI 37-47%).
Table 2. Score application in the study population, percentage with PE, and proportions of the population
in the 3-level and 2-level clinical probability categories.
Three-level scheme

Two-level scheme

Low

Intermediate

High

PE unlikely

PE likely

Number

378

629

42

681

368

% population

36

60

4.0

65

35

% PE

7.7

29

64

13

42

PE=pulmonary embolism.

We compared the AUC for the revised Geneva score and simplified revised Geneva score (Figures 1A and 1B). The AUC of the continuous score was 0.75 (95% CI 0.71-0.78) for the revised
Geneva rule and 0.74 (95% CI 0.70-0.77) for the simplified revised Geneva rule. The AUC of the
3-level classification scheme was 0.70 (95% CI 0.66-0.74) for the revised Geneva score and 0.68
(95% CI 0.64-0.72) for the simplified revised Geneva score.
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Figures 1A and 1B. Receiver operating characteristic curves of the continuous revised Geneva score
(RGS) and simplified RGS (A) and 3-level categorized RGS and simplified RGS (B).

Utility of the simplified score
Finally, we studied the clinical utility of the simplified revised Geneva score. Flowcharts for
both dichotomized and trichotomized rules are shown in Figures 2 and 3. Of all patients in
the combined patient population with a normal result of the D-dimer test, in whom PE was
excluded (n=361), 2 patients were lost during follow-up and an additional 10 received anticoagulant therapy for reasons other than PE. These patients were excluded from the following
analysis. During three months of follow-up, no patient with a low (0/219, 0%; 95% CI 0.0-1.7%)
or intermediate (0/130, 0%; 95% CI 0.0-2.8%) clinical probability score by the simplified revised
Geneva score and a normal D-dimer result at inclusion was subsequently diagnosed as having
VTE (Figure 2). When the 2-level rule was used, no patient with an unlikely clinical probability

1049 patients with
suspected PE

629 patients with
intermediate CP

378 patients with low
clinical probability

42 patients with high
clinical probability

223 patients
with normal Ddimer

146 patients
with elevated Ddimer

No D-dimer in 9
patients

138 patients
with normal Ddimer

431 patients
with elevated Ddimer

No D-dimer in
60 patients

0 patients with
PE* (0%, 95% CI
0.0-1.7)

27 patients with
PE (18%, 95% CI
13-26)

2 patients with
PE (22%, 95% CI
2.8-60)

0 patients with
PE† (0%, 95% CI
0.0-2.8)

156 patients
with PE (36%,
95% CI 32-41)

29 patients with
PE (48%, 95% CI
35-62)

27 patients with
PE (64%, 95% CI
48-79)

Figure 2. Flowchart of patients showing outcomes by 3-level simplified revised Geneva score. *One
patient was lost to follow-up and 3 patients were treated with anticoagulant therapy for reasons other
than pulmonary embolism (PE); †One patient was lost to follow-up and 7 patients were treated with
anticoagulant therapy for reasons other than PE. CI=confidence interval, CP=clinical probability.
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1049 patients with
suspected PE

681 patients with PE
unlikely clinical probability

368 patients with PE likely
clinical probability

330 patients
with normal Ddimer

322 patients
with elevated Ddimer

No D-dimer in
29 patients

0 patients with
PE* (0%, 95% CI
0.0-1.2)

70 patients with
PE (22%, 95% CI
17-27)

8 patients with
PE (28%, 95% CI
13- 47)

153 patients
with PE (42%,
95% CI 37-47)

Figure 3. Flowchart of patients showing outcomes with dichotomous use of the simplified revised
Geneva score. *Two patients were lost to follow-up and 10 patients were treated with anticoagulant
therapy for reasons other than pulmonary embolism (PE). CI indicates confidence interval.

(0/318, 0%; 95% CI 0.0-1.2%) was subsequently diagnosed with venous thromboembolism after
the three months follow-up period (Figure 3).
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DISCUSSION
This study shows that it is possible to simplify the revised Geneva score without decreasing the
diagnostic accuracy of the rule. The distribution of the patient proportions by the simplified
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revised Geneva score in both trichotomized and dichotomized categories and the prevalence
of PE in these categories were comparable to those of the original revised Geneva score as well
as to 3 other validated CDRs: the Wells rule, the Geneva score and the rule suggested by Kline
and colleagues.6,7,9,12 The simplified revised Geneva score is clinically useful and might safely
rule out PE when combined with a normal D-dimer result using a highly sensitive assay. Indeed,
in this cohort, the VTE failure rates were extremely low in patients with normal D-dimer results
and a low or intermediate clinical probability (3-level scheme) or a “PE unlikely” assessment
(2-level score). Furthermore, the simplified score would likely be easier to compute and may
reduce computational errors in clinical practice in busy environments with a heavy workload.
Several studies have shown D-dimer assays to have a high negative predictive value and to
be a sensitive but nonspecific marker of PE.13 However, different sensitivity for several D-dimer
assays has been described in the literature.2,13-15 Less sensitive tests yield a lower negative
predictive value for the same pretest probability of PE. Also, the negative predictive value
of a normal D-dimer test result diminishes as disease prevalence rises.16 As a consequence,
the proportion of patients with suspected PE in whom D-dimer testing can safely be used to
exclude PE depends on both the prevalence of the disease and the sensitivity of the D-dimer
assay. This is why we adopted 2 different schemes. Table 3 shows the post-test probability for
PE in various combinations of clinical probability categories and D-dimer assays. The upper
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Table 3. Post-test probability for acute PE according to the sensitivity of D-dimer assays and clinical
probability category as assigned by simplified revised Geneva score.
Three-level scheme

Two-level scheme

Low

Intermediate

High

PE unlikely

PE likely

8%

29%

64%

13%

42%

Highly sensitive DD*

1%

3%

12%

1%

5%

Less sensitive DD†

1%

6%

23%

2%

11%

Low sensitivity DD¶

2%

9%

29%

3%

14%

Prevalence of PE
Posttest PE

Figures for sensitivity and specificity are extracted from Di Nisio et al.16 *Sensitivity 97%, specificity 40%;
†Sensitivity 90%, specificity 60%; ¶Sensitivity 85%, specificity 65%. PE=pulmonary embolism, DD=D-dimer
assay.

limit of the 95% confidence interval of the three months thromboembolic rate after negative
pulmonary angiography is 2.7%.17 Using this percentage as the upper posttest probability limit
above which it is no longer safe to rule out PE by the combination of clinical probability and a
negative D-dimer result, Table 3 shows that, with a 3-level score, a less sensitive D-dimer assay
would exclude PE safely only in low-probability patients, whereas the same assay would still be
safe in the patients in whom PE was unlikely by using the 2-level score. For this reason, a less
sensitive assay would rule out PE in more patients and therefore be more useful in combination
with the dichotomized rule because there are more patients categorized as PE unlikely than
in the low clinical probability category. Conversely, the 3-level score would be more useful
when a highly sensitive assay is used because it would safely rule out PE in both the low and
intermediate probability groups, which would regroup a higher number of patients than the
PE unlikely category. In the present study, a highly sensitive quantitative D-dimer assay with a
reported sensitivity of 95% to 98% was used, and the outcome of three months follow-up was
good in either low- or intermediate probability as well as in the PE unlikely category.2 However,
a physician using the simplified revised Geneva score in combination with a D-dimer assay
with a lower sensitivity should probably restrict its use to the low clinical probability category
of the 3-level score to exclude PE. The AUC of ROC analysis of the simplified score was similar
to that of the original score. Given that the original score assigned very different weights to the
individual variables, at least some loss of predictive accuracy would have been expected, and
this might therefore seem surprising. Because this is also true for the ROC curve using all the
score values and not only 2 cut-off values, this observation is not due to cut-off selection in this
particular population.
This study has limitations. We performed a retrospective analysis, which can be subject to
various biases. We acknowledge that prospectively studying the clinical utility and outcomes
in a new sample would be the best way of testing our hypothesis. Nevertheless, the revised
Geneva score could be calculated in more than 99% of patients. Also, the original cohorts
prospectively included consecutive patients with minimal loss to follow-up (0.5% in study A
and 0.1% in study B). There were some differences in general characteristics between the 2
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study populations, i.e. mean age and prevalence of PE. However, the prevalence of PE according
to the number of points in the simplified revised Geneva score was similar in the 2 groups
(data not shown), which actually adds validity to the simplified score. Finally, by study design,
D-dimer results were not available for all patients. Data were missing in 9 patients (2.4%) with
low clinical probability, in 60 patients (9.5%) with intermediate clinical probability, and in 29
patients (4.3%) designated as PE unlikely.
In summary, our data indicate that simplification of the revised Geneva score does not decrease
the score’s diagnostic accuracy or clinical utility. Prospective outcome studies are needed,
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however, to confirm our findings.
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