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Introduction
Pulmonary embolism (PE), is a common clinical problem 
and can result in significant mortality and morbidity. 
Acute PE has a notable mortality rate of 30% in untreated 
cases, but it declines to 8% in diagnosed and treated 
PE.1 Diagnosing PE can be challenging due to the non-
specific nature of symptoms and the broad spectrum of 
clinical presentations among patients with suspected PE, 
ranging from no symptoms to cardiogenic shock.2 Many 
diagnostic procedures are performed despite the absence 
of PE. These procedures are costly, time-consuming, and 
sometimes associated with complications, for instance, 
the risk of contrast-enhanced computed tomography 
(CT), including contrast-induced nephropathy, contrast-
related allergic reaction, contrast extravasation, and 
the potential carcinogenic effects of ionizing radiation. 
Therefore, identifying patients with a low probability 
of PE allows for appropriate triaging and helps avoid 
unnecessary referrals or further diagnostic procedures.3, 

4 This risk stratification can be based on either an implicit 
physician’s estimate known as gestalt or a formal clinical 
decision rule (CDR). CDRs can improve the effectiveness 
of the diagnosis by preventing further diagnostic testing 
for those patients with a low probability of PE. Reducing 
the number of unnecessary CT scans by 35% is possible 
by applying this approach, with only 1-2% of cases 
potentially being missed among patients identified as 
having a low probability of PE.5 Wells score, simplified 
Wells score, revised Geneva score, and simplified revised 
Geneva score are the four validated CDRs that have been 
evaluated in this study. When implementing CDRs in 
diverse healthcare settings, it is crucial to assess how well 
they function in each specific environment. This study 
seeks to evaluate the precision of existing CDRs in our 
local area and to compare their sensitivity, specificity, and 
overall accuracy. The goal is to identify the most effective 
model for predicting the likelihood of PE in our present 
circumstances.
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Article info Abstract
Introduction: Pulmonary embolism (PE) is a potentially fatal condition. Several non-invasive 
clinical decision rules (CDRs) were developed for the safe exclusion of PE. All CDRs used to 
safely rule out PE have been created and tested within hospital or acute care environments. 
However, CDRs that are designed in one specific setting may not perform as effectively when 
used in a different setting. In this study, we aimed to compare the performance of four common 
CDRs; Wells Score, Simplified Wells Score, revised Geneva Score, and simplified revised 
Geneva Score.
Methods: This was a cross-sectional study in which patients suspected of PE presenting to Imam 
Reza Hospital or Ghaem Hospital were recruited from September 23, 2013, to March 19, 2016 
in Mashhad, Iran. The specificity, sensitivity, and accuracy were utilized as metrics to compare 
the CDRs in our region.
Results: Two hundred and forty patients were included in the study. The mean age of patients was 
57.91 ± 19.97 years, and 54.16% of them (n = 130) were female. 120 patients were confirmed to 
have PE with CT angiography. Wells score showed the highest sensitivity (90.4%) and revised 
Geneva score represented the highest specificity (84.9%). The highest accuracy belongs to the 
simplified Wells score (62.3%).
Conclusion: In this study, we demonstrated that the Wells criteria with its high sensitivity, can 
be used as a score for screening, and the revised Geneva score with its high specificity, can be 
used in the second stage for healthy people who have been diagnosed as unhealthy by the Wells 
score.
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Material and Methods
Study design and setting
This was a cross-sectional study conducted in the 
emergency and inpatient departments of two referral and 
teaching hospitals (Ghaem and Imam-Reza hospital) in 
Mashhad, Iran. The date of study was from September 
23, 2013, to March 19, 2016. Cases in this study were 
prospectively recruited and signed a consent form to 
enter the study. The inclusion criteria were based on 
the clinical suspicion for PE in patients presented to 
emergency departments or hospitalised patients in the 
mentioned hospitals. In addition, cases aged less than 
16 or had contraindications for CT angiography were 
excluded from further investigation. Clinical suspicion 
for PE consists of patients presenting with acute chest 
pain, sudden dyspnea, hemoptysis, or unreasonable 
tachycardia or tachypnea.

Study procedure
Patients enrolled in the study were thoroughly evaluated 
using history taking, physical examination, and 
paraclinical procedures. Four resident doctors including 
two internists, and two cardiologists were responsible for 
data collection. The collected data for this study includes 
demographic information, ECG, and CT angiography. All 
of the data was collected on the first day of admission and 
interpreted by two relevant specialists in that field who 
were blinded to the other interpretations. The extent of 
agreement in the results of the interpretations between 
two experts was taken into account. If there were conflicts 
between them, another expert would be included to 
interpret the data.

Definition of clinical decision rules
Evidence-based literature supports the determination 
of the pre-test probability of PE before proceeding with 
further diagnostic procedures. To meet this protocol, 
different CDRs have been developed to estimate the 
pre-test probability of PE in suspected patients. Here, 
we used 4 common CDRs in literature to compare their 
characteristics in our region.

The Wells score (Table 1) which was devised in 2000 is 
among the most commonly used CDRs. Seven variables 
which were selected out of 40 variables are present in the 
Wells score. It classifies patients into three or two groups 
based on their estimated risk of PE (low, moderate, or 
high risk vs. likely or unlikely). The risk is determined 
by summing the scores of each variable.6 The Simplified 
Wells score (Table 1) replaced the weighted score for 
each variable in the original Wells score with a 1-point 
score for each parameter. It was developed to decrease 
possible summing mistakes and it is also easier to 
memorize.7 The Revised Geneva score (Table 2), a fully 
standardized CDR, was developed in 2006 with the aim 
of removing the implicit judgement of physicians. Hence, 
this CDR completely relies only on 8 clinical variables.8 

The Simplified Revised Geneva score (Table 2), which is 
also understandable from its name, has a 1-point scoring 
system to reduce possible miscalculations in acute clinical 
settings.9 

Statistical analysis
First, the qualitative and quantitative clinical variables 
were compared between PE and non-PE patients using 
chi-square and independent-samples t-test. Then, we 
compared the sensitivity, specificity and accuracy of each 
CDR. The result of CT pulmonary angiography (CTPA) 
was the reference value to compare CDRs. Sensitivity is 
the ratio of patients confirmed by CTPA to have PE who 
have had high probability of PE. The term specificity refers 
to the proportion of patients determined not having PE by 
CTPA who have had low probability of PE. Accuracy is 
defined as the proportion of correct diagnosis made by 
CDRs according to CTPA to all made diagnoses. SPSS 
(Statistical Package for the Social Sciences) version 22 was 
used and the statistical significance level was set at 0.05.

Results
Demographics and clinical findings
Two hundred and forty patients were recruited for this 
study. The mean age of patients was 57.91 ± 19.97 years 
(range: 17–96 years). Fifty percent of them (N = 120) 
had PE confirmed by CTPA. Of the cases with PE, 70 
(58.33%) were female. Furthermore, among cases with 
PE, 37 (30.83%) and 11 (9.16%) had a history of previous 
PE and previous DVT, respectively. The most common 
initial presentation in cases with PE was dyspnea (N = 103, 
85.83%) followed by chest pain (N = 38, 31.66%). Table 3 
highlights the clinical and paraclinical findings in patients 
with confirmed PE and unconfirmed PE.

Clinical decision rules evaluation
We found that the Wells score shows the highest sensitivity 
(90.4%) followed by the simplified Wells score (63.5%). 
The highest specificity is related to the revised Geneva 

Table 1. The Wells score and simplified Wells score

Parameters Wells score Simplified Wells score

Previous PE or DVT 1.5 1

Heart rate > 100 bpm 1.5 1

Recent surgery or 
immobilisation

1.5 1

Clinical signs of DVT 3 1

Alternative diagnosis less 
likely than PE

3 1

Haemoptysis 1 1

Cancer 1 1

Pre-test Probability:
 ≤ 4: PE unlikely (low)
 > 4: PE likely (high)

Pre-testProbability:
 ≤ 1: PE unlikely (low)
 > 1: PE likely (high)

Abbreviations: DVT: Deep venous thrombosis, PE: Pulmonary embolism, 
bpm: beat per minute
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score (84.9%). Simplified Wells score also represents the 
second highest specificity (61.1%). With regard to the 
accuracy, the simplified Wells score carries the highest 
accuracy (62.3%) in comparison to the remaining CPRs 
(Table 4). 

Discussion 
PE is associated with a significant morbidity and mortality 
rate, which points out the importance of prompt 
diagnosis.10 Several CDRs have been designed in order 
to triage and identify patients with a high probability of 
this condition and reduce the rate of unnecessary CTs.11 
Our prospective study compared four CDRs to assess the 
probability of PE. Based on the meta-analysis by Geersing 
et al in 2022, the effectiveness of diagnostic approaches for 
individuals with suspected PE differs significantly among 
various healthcare environments. The study revealed 
that all strategies exhibited a sensitivity exceeding 90% 
in all settings, ranging from 93.3% to 99.6%. However, 
the specificity of these strategies declined in healthcare 
settings where PE prevalence was higher, ranging from 
7.9% to 67.4%.12 In our study, the Wells score, with a 
sensitivity of 90.4% compared to the other 3 scores was 
able to better identify patients; therefore, it can be used as 
a model for screening in this setting. The revised Geneva, 
score with a specificity of 84.9%, distinguishes healthy 
people more effectively and can be used as a second stage 
for healthy people who have been diagnosed as unhealthy 
by the Wells score. The simplified Wells score with an 
accuracy of 62.3% had a higher number of accurately 
predicted values than other models. In a systematic review 
by Shen et al the diagnostic performance of the Wells 
score and the revised Geneva score was evaluated. The 
Wells score demonstrated sensitivity ranging from 63.8% 

to 79.3% and specificity ranging from 48.8% to 90.0%. In 
comparison, the revised Geneva score showed sensitivity 
ranging from 55.3% to 73.6%. The study’s outcomes 
indicated that the Wells score outperformed the revised 
Geneva score in distinguishing PE among individuals 
with suspicion of the condition, which is consistent 
with our own findings.13 Based on a paper by Esiéné et 
al the Wells score (56.3%) and the simplified Wells score 
(62.5%) had the highest sensitivity similar to our work. 
Moreover, the simplified Wells score had the lowest 
accuracy (37.43%) which was not replicated in our study. 
Contrarily, the simplified revised Geneva score showed 
the highest specificity (71.4%).14 Wahsh et al showed in 
their study that the highest sensitivity (92%), specificity 
(29%) and accuracy (61%) belongs to the simplified 
wells score, revised Geneva score and simplified wells 
score, respectively.15 To our knowledge, this is the first 
study in our setting that directly compared 4 widely used 
CDRs in the diagnostic management of PE prospectively. 
Nevertheless, this study is subject to certain limitations. 
Firstly, the sample size and follow-up period were limited. 
Secondly, the utilization of CDRs along with normal 
D-dimer levels could potentially provide a safe approach 

Table 2. The revised Geneva score and simplified revised Geneva score

Parameters
Revised Geneva 

score
Simplified Revised 

Geneva score

Age > 65 years 1 1

Active malignancy (or 
considered cured < 1 year)

2 1

Recent surgery or fracture 
of the lower limbs within 1 
month

2 1

Previous PE or DVT 3 1

Hemoptysis 2 1

Unilateral lower limb pain 3 1

Tenderness on the lower 
limb, deep venous palpation, 
and unilateral edema

4 1

Heart rate 
75–94 bpm
 ≥ 95 bpm

3
5

1
2

Pre-test Probability:
 < 6: PE unlikely 

(low)
 ≥ 6: PE likely (high)

Pre-testProbability:
 < 3: PE unlikely 

(low)
 ≥ 3: PE likely (high)

Abbreviations: DVT: Deep venous thrombosis, PE: Pulmonary embolism, 
bpm: beat per minute

Table 3. Demographic characteristics of subjects

Variable
PE

(N = 120)
Not PE

(N = 120)
P-value

Sex (F/M)
70/50 (58.3% / 

41.6%)
60/60 (50% / 50%) 0.138

Age (years)
Mean (SD)

56.20 (18.42) 59.62 (20.21) 0.172

Previous DVT (N) 11 (9.17%) 3 (2.5%) 0.030*

Previous PE (N) 37 (30.8%) 15 (12.5%) 0.001*

History of cancer (N) 20 (16.7%) 19 (15.83%) 0.415

Bedridden (N) 38 (31.7%) 31 (25.83%) 0.361

History of major surgery 
(N)

22 (18.3%) 18 (15%) 0.314

History of fracture (N):
Lower fracture
Upper fracture

5 (4.16%)
3 (2.5%)

7 (5.83%)
4 (3.3%)

0.988
0.694

Tachycardia (N) 68 (56.7%) 110 (91.7%)  < 0.001*

S1Q3T3 (N) 28 (23.3%) 12 (10%) 0.005*

First Presentation (N):
Dyspnea
Chest pain
Hemoptysis
Signs of DVT

105 (87.5%)
39 (32.5%)
11 (9.16%)
40 (33.3%)

98 (81.7%)
21 (17.5%)
7 (5.83%)

15 (12.5%)

0.898
0.019*
0.223
0.007*

Note: Significant level is < 0.05, chi-square and independent-samples T-test 
were used
Abbreviations: DVT: Deep venous thrombosis, PE: Pulmonary embolism, 
bpm: beat per minute

Table 4. Characteristics of CDRs

Type of CDR Sensitivity Specificity Accuracy

Wells 90.4% 17.1% 54.5%

Simplified Wells 63.5% 61.1% 62.3%

Revised Geneva 22.7% 84.9% 53.8%

Simplified Revised Geneva 60.5% 58.8% 59.7%

Abbreviations: CDR: Clinical decision rule
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to exclude PE, as indicated in previous research.16 
However, in our study, we did not assess D-dimer levels. 
Despite these limitations, given their strong diagnostic 
performance, both the Wells score and the revised Geneva 
score remain straightforward and practical methods for 
stratifying the risk of PE. 

Further studies need to be carried out in order to 
validate the performance of these CDRs among special 
populations for instance children, pregnant women, 
elderly, and also among outpatients in different settings 
with different PE prevalence like hospitals, clinics, ICUs, 
or emergency departments. Also, developing artificial 
intelligence algorithms for future studies may be able to 
improve patient outcomes through earlier identification 
of at‐risk patients.17

Conclusion
In this study, common CDRs capable of PE risk 
stratification were compared. Our study revealed that 
the Wells score, with its high sensitivity, can be used as 
a model for screening, while the revised Geneva score, 
with its high specificity, can be used in the second stage 
for healthy people who have been diagnosed as unhealthy 
by the Wells score.

Acknowledgments 
We acknowledge the patients for giving their consent in taking part 
in the study. 

Author’s Contribution 
Conceptualization: Solmaz Hassani, Mahnaz Amini.
Data curation: Solmaz Hassani, Fahimeh Gandomi.
Formal analysis: Amirhossein Khodadadi, Neshat Najaf Najafi.
Supervision: Mahnaz Amini.
Writing–original draft: Neshat Najaf Najafi, Amirhossein 
Khodadadi.
Writing–review & editing: Solmaz Hassani.

Competing Interests 
Authors declare that there is not any conflict of interests about this 
study.

Ethical Approval 
The study was approved by the Institutional Committee of Ethics 
at Mashhad University of Medical Science (IR.MUMS.MEDICAL.
REC.1398.069). Written and informed consent was obtained from 
all of the participants.

Funding 
No funding declared. 

References
1. Lavorini F, Di Bello V, De Rimini ML, Lucignani G, Marconi 

L, Palareti G, et al. Diagnosis and treatment of pulmonary 
embolism: a multidisciplinary approach. Multidiscip Respir 
Med. 2013;8(1):75. doi: 10.1186/2049-6958-8-75.

2. Bĕlohlávek J, Dytrych V, Linhart A. Pulmonary embolism, 
part I: epidemiology, risk factors and risk stratification, 
pathophysiology, clinical presentation, diagnosis and 
nonthrombotic pulmonary embolism. Exp Clin Cardiol. 
2013;18(2):129-38. 

3. Konstantinides SV, Torbicki A, Agnelli G, Danchin N, 

Fitzmaurice D, Galiè N, et al. 2014 ESC guidelines on the 
diagnosis and management of acute pulmonary embolism. 
Eur Heart J. 2014;35(43):3033-69. doi: 10.1093/eurheartj/
ehu283.

4. Sherk WM, Stojanovska J. Role of clinical decision tools in 
the diagnosis of pulmonary embolism. AJR Am J Roentgenol. 
2017;208(3):W60-70. doi: 10.2214/ajr.16.17206.

5. Lucassen W, Geersing GJ, Erkens PM, Reitsma JB, Moons KG, 
Büller H, et al. Clinical decision rules for excluding pulmonary 
embolism: a meta-analysis. Ann Intern Med. 2011;155(7):448-
60. doi: 10.7326/0003-4819-155-7-201110040-00007.

6. Wells PS, Anderson DR, Rodger M, Ginsberg JS, Kearon 
C, Gent M, et al. Derivation of a simple clinical model to 
categorize patients probability of pulmonary embolism: 
increasing the models utility with the SimpliRED D-dimer. 
Thromb Haemost. 2000;83(3):416-20. doi: 10.1055/s-0037-
1613830.

7. Gibson NS, Sohne M, Kruip MJ, Tick LW, Gerdes VE, Bossuyt 
PM, et al. Further validation and simplification of the Wells 
clinical decision rule in pulmonary embolism. Thromb 
Haemost. 2008;99(1):229-34. doi: 10.1160/th07-05-0321.

8. Le Gal G, Righini M, Roy PM, Sanchez O, Aujesky D, 
Bounameaux H, et al. Prediction of pulmonary embolism in 
the emergency department: the revised Geneva score. Ann 
Intern Med. 2006;144(3):165-71. doi: 10.7326/0003-4819-
144-3-200602070-00004.

9. Klok FA, Mos IC, Nijkeuter M, Righini M, Perrier A, Le Gal G, 
et al. Simplification of the revised Geneva score for assessing 
clinical probability of pulmonary embolism. Arch Intern Med. 
2008;168(19):2131-6. doi: 10.1001/archinte.168.19.2131.

10. Essien EO, Rali P, Mathai SC. Pulmonary embolism. Med 
Clin North Am. 2019;103(3):549-64. doi: 10.1016/j.
mcna.2018.12.013.

11. Al Dandan O, Hassan A, Alnasr A, Al Gadeeb M, AbuAlola 
H, Alshahwan S, et al. The use of clinical decision rules 
for pulmonary embolism in the emergency department: 
a retrospective study. Int J Emerg Med. 2020;13(1):23. doi: 
10.1186/s12245-020-00281-1.

12. Geersing GJ, Takada T, Klok FA, Büller HR, Courtney DM, 
Freund Y, et al. Ruling out pulmonary embolism across different 
healthcare settings: a systematic review and individual patient 
data meta-analysis. PLoS Med. 2022;19(1):e1003905. doi: 
10.1371/journal.pmed.1003905.

13. Shen JH, Chen HL, Chen JR, Xing JL, Gu P, Zhu BF. Comparison 
of the Wells score with the revised Geneva score for assessing 
suspected pulmonary embolism: a systematic review and 
meta-analysis. J Thromb Thrombolysis. 2016;41(3):482-92. 
doi: 10.1007/s11239-015-1250-2.

14. Esiéné A, Tochie JN, Metogo JA, Etoundi PO, Minkande JZ. A 
comparative analysis of the diagnostic performances of four 
clinical probability models for acute pulmonary embolism 
in a sub-Saharan African population: a cross-sectional study. 
BMC Pulm Med. 2019;19(1):263. doi: 10.1186/s12890-019-
1037-x.

15. El Wahsh RA, Agha MA. Clinical probability of pulmonary 
embolism: comparison of different scoring systems. Egypt 
J Chest Dis Tuberc. 2012;61(4):419-24. doi: 10.1016/j.
ejcdt.2012.07.002.

16. Kearon C, de Wit K, Parpia S, Schulman S, Afilalo M, Hirsch A, 
et al. Diagnosis of pulmonary embolism with D-dimer adjusted 
to clinical probability. N Engl J Med. 2019;381(22):2125-34. 
doi: 10.1056/NEJMoa1909159.

17. Douillet D, Roy PM, Penaloza A. Suspected acute pulmonary 
embolism: gestalt, scoring systems, and artificial intelligence. 
Semin Respir Crit Care Med. 2021;42(2):176-82. doi: 
10.1055/s-0041-1723936.

https://doi.org/10.1186/2049-6958-8-75
https://doi.org/10.1093/eurheartj/ehu283
https://doi.org/10.1093/eurheartj/ehu283
https://doi.org/10.2214/ajr.16.17206
https://doi.org/10.7326/0003-4819-155-7-201110040-00007
https://doi.org/10.1055/s-0037-1613830
https://doi.org/10.1055/s-0037-1613830
https://doi.org/10.1160/th07-05-0321
https://doi.org/10.7326/0003-4819-144-3-200602070-00004
https://doi.org/10.7326/0003-4819-144-3-200602070-00004
https://doi.org/10.1001/archinte.168.19.2131
https://doi.org/10.1016/j.mcna.2018.12.013
https://doi.org/10.1016/j.mcna.2018.12.013
https://doi.org/10.1186/s12245-020-00281-1
https://doi.org/10.1371/journal.pmed.1003905
https://doi.org/10.1007/s11239-015-1250-2
https://doi.org/10.1186/s12890-019-1037-x
https://doi.org/10.1186/s12890-019-1037-x
https://doi.org/10.1016/j.ejcdt.2012.07.002
https://doi.org/10.1016/j.ejcdt.2012.07.002
https://doi.org/10.1056/NEJMoa1909159
https://doi.org/10.1055/s-0041-1723936

