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Strengths and limitations of this study

►► This is the first study to assess the diagnostic per-
formance of four routine clinical probability scores 
(CPSs) for pulmonary embolism (PE) in sub-Saharan 
Africa, hence, may provide an insight on the CPS 
with the best diagnostic performance.

►► Bias will be reduced by filling all the CPS before the 
conduct of a CT pulmonary angiography (CTPA), as 
well as blinding the results of CPS to the radiologists 
performing the CTPA.

►► Robust statistical methods like the area under the 
receiver operating curve will be used to ascertain 
the test with the best diagnostic performance.

►► Its main limitation is the inability to objectively as-
sess the expertise of radiologists who will interpret 
the CTPA results, which is a paramount determinant 
of the amount of confirmed PE cases.

►► Another drawback is the exclusion of D-dimer mea-
surements which are of great significance in the risk 
stratification of PE.

Abstract
Introduction  Pulmonary embolism poses one of the 
most challenging diagnoses in medicine. Resolving 
these diagnostic difficulties is more crucial in emergency 
departments where fast and accurate decisions are 
needed for a life-saving purpose. Here, clinical pretest 
evaluation is an important step in the diagnostic algorithm 
of pulmonary embolism. Although clinical probability 
scores are widely used in emergency departments of 
sub-Saharan Africa, no study has cited their diagnostic 
performance in this resource-constrained environment. 
This study will seek to assess the performance of four 
routinely used clinical prediction models in Cameroonians 
presenting with suspicion of pulmonary embolism at the 
emergency department.
Methods and analysis  It will be a cross-sectional study 
comparing the sensitivity, specificity, positive and negative 
predictive values and accuracy of the Wells, Simplified 
Wells, Revised Geneva and the Simplified Revised Geneva 
Scores to CT pulmonary angiography as gold standard in 
all consecutive consenting patients aged above 15 years 
admitted for clinical suspicion of pulmonary embolism to the 
emergency departments of seven major referral hospitals 
of Cameroon between 1 July 2019 and 31 December 2020. 
The area under the receiver operating curve, calibration 
plots, Hosmer and Lemeshow statistics, observed/expected 
event rates, net benefit and decision curve will be measured 
of each the clinical prediction test to ascertain the clinical 
score with the best diagnostic performance.
Ethics and dissemination  Clearance has been obtained 
from the Institutional Review Board of the Faculty of 
medicine and biomedical sciences of the University 
of Yaounde I, Cameroon and the directorates of all 
participating hospitals to conduct this study. Also, informed 
consent will be sought from each patient or their legal next 
of kin and parents for minors, before enrolment into this 
study. The final study will be published in a peer-review 
journal and the findings presented to health authorities and 
healthcare providers.

Background
Pulmonary embolism (PE) is a potentially 
lethal sequela of venous thromboembolism 

(VTE) with a reported 30-day mortality rate 
varying between 14% and 44%.1–4 It poses 
considerable diagnostic difficulties in clinical 
practice and especially in emergency medi-
cine, due to the polymorphism of its clinical 
manifestations and the lack of a pathognomic 
symptom or sign.5 Hence, it is common for 
the diagnosis of PE to be easily overlooked6 7 
till necropsy where it has been reported in 
53% of the dead people who had an autopsy.8 
Consequently, clinicians have developed a 
high index of clinical suspicion of PE over 
the last decade.9 However, of all suspected PE 
patients, only 10%–15% would be confirmed 
during the diagnostic tests.10 Overtesting 
leads to undue expenses, potential iatrogenic 
damages, such as contrast-induced allergic 
reactions, contrast-induced nephropathy11 
or radiation-induced solid tumours12 from 
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multidetector CT pulmonary angiography (CTPA), its 
current gold-standard diagnostic test.13 In an attempt 
to remedy the problem of undue investigations, several 
clinical probability scores (CPSs), among which the most 
widely used are the Wells,14 Simplified Wells,15 Revised 
Geneva,16 Simplified Revised Geneva (SRG)17 scores 
and the YEARS clinical decision rule,18 were put forth 
to guide the choice of diagnostic testing depending on 
the assessed PE probability (low, intermediate or high).13 
Current guidelines recommend their use coupled with 
D-dimer to preclude patients with a low PE probability 
from further diagnostic tests, without compromising the 
patient’s safety.13 This diagnostic algorithm reduces the 
number of unnecessary CTPA by 35%, with only 1%–2% 
of missed cases in the group of patients with a low PE 
probability.19 This is of invaluable economic interest 
in resource-limited emergency departments (EDs) of 
sub-Saharan Africa (SSA) where CTPA has recently been 
described to be financially and geographically inacces-
sible for the majority of patients with suspected PE.20

Globally, EDs are at the forefront of the management of 
patients with suspected PE.21 Here, prompt and accurate 
ruling in or out the diagnosis of PE is vital for the timely 
diagnosis and treatment of PE. As mentioned above, the 
diagnosis of PE begins with the risk stratification through 
CPS to prevent patients with low PE probability from 
unnecessary further testings.13 21 Although these clin-
ical prediction models have been externally validated in 
high-income countries where they were designed,22 23 the 
generalisation of their validity to SSA remains question-
able due to lack of data in this regards. It is known that 
a CPS derived in a particular setting often performs less 
well when applied in another setting24–27 due to discrep-
ancies in disease prevalence and differences in clinicians’ 
experiences of suspected cases.24 Thus, generalising 
the external validity of CPS for PE to SSA without prior 
evidence is inappropriate given that several studies have 
showed blacks to have a 30%–60% increase in the inci-
dence of PE,28–30 as well as a 30% increase in PE-related 
mortality compared with other racial groups.31

Objectives
The study objectives will be to assess the diagnostic perfor-
mance of the Original Wells, Simplified Wells, Revised 
Geneva and the SRG scores in a selected SSA population 
admitted to the ED with clinical suspicion of PE.

Methods and analysis
The final study will be reported in conformity to the 
Tripod checklist for prediction model validation.

Study design, setting and duration
This will be a cross-sectional multicentre study carried out 
in the EDs of seven major referral hospitals of Cameroon: 
the National Emergency Centre of Cameroon, the Gynae-
co-obstetric and Paediatric Hospital of Yaoundé, the 
Yaoundé Central Hospital, the Yaoundé General Hospital, 

the University Hospital Centre of Yaounde, the Douala 
General Hospital and the Laquintinie Hospital of Douala 
between the period of 1 July 2019 and 31 December 
2020. The Gynaeco-obstetric and Paediatric Hospital of 
Yaoundé is specialised in the management of all maternal 
and child diseases irrespective of the mother’s and child’s 
age. The other six hospitals are specialised in the manage-
ment of all adults’ as well of maternal and child diseases, 
irrespective of the adult’s, mother’s and child’s ages. All 
seven hospitals are tertiary and university teaching hospi-
tals in the cities of either Yaoundé or Douala of Cameroon. 
Averagely, each hospital manages 1000 patients per year.

Patient eligibility criteria
We will prospectively recruit all consecutive patients aged 
above 15 years who will be admitted to the aforemen-
tioned seven EDs for clinical suspicion of PE. Pregnant 
women will also be included. Case definition of clin-
ical suspicion of PE will be any patient presenting with 
sudden dyspnoea, chest pain, haemoptysis or syncope. 
We will exclude the patients who will refuse to consent, 
those who will not undergo CTPA to rule in or rule out PE 
despite clinical suspicion, patients with contraindications 
to CTPA (haemodynamic instability, dehydration, altered 
renal function) and those with a diagnosis of PE docu-
mented before ED admission.

Sampling method
Assuming a prevalence rate of 61.5% for PE in Africa,32 
we used the Eng’s formula33 to obtain a minimum sample 
size of 364 participants through a consecutive sampling 
method.

Study procedure
We will approach all consecutive patients admitted for 
clinical suspicion of PE to obtain informed consent. 
Using a pilot-tested interview administered questionnaire 
(online supplementary file 1), each enrolled patient will 
be assessed for PE clinically probability before any other 
test to avoid bias, using four CPS, namely; the original 
Wells score, the simplified Wells score, the Revised Geneva 
score and the SRG score. The YEARS clinical rule, a CPS, 
will not be studied because it entails the measurement of 
D-dimers, which is relatively expensive and not available 
in all SSA laboratories.18 Figure  1 illustrates the study 
procedure.

Definitions of terms
Patients will be considered to have chronic heart failure, 
cancer, history of previous deep venous thrombosis or 
PE or chronic pulmonary disease if these conditions will 
be known before ED admission. Recent surgery will be 
defined as any surgical intervention performed within 
the last 4 weeks before the patient’s admission.

Diagnostic testing and assessment of potential sources of 
bias
The questionnaire will be filled and systematically 
reviewed for completeness before proceeding to further 
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Figure 1  A flow chart illustrating the study procedure.

Table 1  The Original Wells score and Simplified Wells score 
for PE

Predictive 
variables

Original 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

 �  Pretest probability Pretest 
probability

 �  0–1: low ≤1: PE unlikely 
(low)

 �  2–6: moderate >1: PE likely (high)

 �  ≥7: high  �

 �  Dichotomised 
score

 �

 �  ≤4: PE unlikely (low)  �

 �  >4: PE likely (high)  �

DVT, deep venous thrombosis; PE, pulmonary embolism.

diagnostic testing. After assessment of the clinical predic-
tion of PE, all patients with none of the aforementioned 
contraindications to CTPA will undergo a CTPA to either 
rule in or rule out the diagnosis of PE. The diagnosis of PE 
will be established by the CTPA detection of an embolus 
in the pulmonary vasculature. Radiologists performing 
the CTPA will have a minimum of 10 years of clinical 
experience after qualifying to reduce the chances of the 
radiologists missing out the diagnosis of PE. The results 
of the CPS will be blinded to the radiologist to decrease 
the bias.

Data management and analysis
Using CTPA as the goal standard test, the sensitivity, spec-
ificity, positive predictive value, negative predictive value 
and accuracy of each CPS will be calculated. The sensi-
tivity of each CPS will be calculated as the proportion 
of patients with CTPA confirmed PE who will have a PE 
likely probability. The specificity of each of the four CPS 
will be calculated as the proportion of patients with CTPA 
unconfirmed PE who will have a PE unlikely score. The 
positive predictive value will be calculated as the propor-
tion of patients with PE likely score who will have CTPA 
confirmed PE. The negative predictive value of each CPS 
will be calculated as the proportion of patients with PE 
unlikely score who will have a CTPA unconfirmed PE. The 
accuracy of each CPS will be calculated as the proportion 

of true results (true positives and true negatives) or the 
number of correct clinical assessments divided by the 
number of all assessments. Data will be entered into the 
SPSS V.20.0 for analysis. Measures of discrimination, such 
as the area under the curve (AUC) and measures of cali-
bration (calibration plots, Hosmer and Lemeshow statis-
tics, observed/expected event rates, etc), would be used 
to better ascertain the performance of each CPS. Other 
analyses, such as the net benefit or decision curve, would 
also be measured. To ease analysis the predictive models 
were dichotomised as follows: Original Wells scores 
between 0–4 and >4 will be considered PE unlikely and 
PE likely, respectively (table  1); Simplified Wells scores 
between ≤1 and >1 will be considered as PE unlikely and 
PE likely, respectively (table  1); Revised Geneva scores 
between 0–5 and ≥6 will be considered PE unlikely and 
PE likely, respectively (table 2) and SRG scores between 
0–2 and ≥3 will be considered PE unlikely and PE likely, 
respectively (table 2).

Patient and public involvement
Data will be collected directly from patients during the 
conduction of the study. The findings of this study will 
be presented at conferences, to relevant health authori-
ties and will be published in a biomedical peer-reviewed 
journal.
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Table 2  The Revised Geneva score and Simplified Revised 
Geneva score for PE

Predictive 
variables

Revised Geneva 
score

Simplified Revised 
Geneva score

Age >65 years 1 1

Active malignancy 
(or considered 
cure <1 year)

2 1

Recent surgery 
or fracture of the 
lower limbs within 
1 month

2 1

Previous PE or 
DVT

3 1

Haemoptysis 2 1

Unilateral lower 
limb pain

3 1

Tenderness on 
lower limb deep 
venous palpation 
and unilateral 
oedema

4 1

Heart rate  �   �

 � 75–94 bpm 3 1

 � ≥95 bpm 5 2

 �  Pretest probability Pretest probability

 �  0–3: low 0–1: low

 �  4–10: moderate 2–4: moderate

 �  ≥11: high ≥5: high

 �  Dichotomised 
score

Dichotomised 
score

 �  0–5: PE unlikely 
(low)

0–2: PE unlikely 
(low)

 �  ≥6: PE likely (high) ≥3: PE likely (high)

DVT, deep venous thrombosis; PE, pulmonary embolism.

Ethics and dissemination
Also, informed consent will be sought from each patient 
or their legal next of kin and parental consent will be 
obtained for all minors. The final study will be published 
in a peer-review journal and the findings presented to 
health authorities and the healthcare providers.

Discussion
PE is the most life-threatening complication of VTE. A 
recent systematic review on the epidemiology of venous 
thromboembolism in Africa found that the prevalence of 
PE ranges between 0.14% and 61.5%.32 Furthermore, PE 
accounts for a mortality rate of 53% of autopsy reports.8 
These high prevalence rates and mortality rates of PE 
reiterates the burden of disease it poses. The ill health 
related to PE is further aggravated by the significant 
diagnostic challenge in clinical practice and particularly 

in emergency medicine, due to its polymorphic clinical 
presentations and absence of pathognomic clinical signs 
or symptoms. Hence, it is common for the diagnosis of PE 
to be easily missed out.6 7 CTPA remains the imaging test 
to diagnose PE.13 By paradox, the advent of CTPA let to a 
reduction in the prevalence of PE due to an overdiagnosis 
of PE as a result of an increased index of clinical suspicion 
of PE by clinicians.9 However, CTPA is not void of compli-
cations. It may lead to contrast medium-induced nephrop-
athy11 or radiation medium-induced solid tumours.12 To 
advert the sequelae of CTPA, sequential pretest testing 
using CPS has been introduced. Appropriate use of 
these CPS obviates the need of CTPA by 20%–30%, with 
an overall 3-month diagnostic failure rate below 1.5%.18 
Although CPS are routinely used in EDs of low-resource 
settings, few studies have cited their external validity in 
SSA. We intend to use robust statistical methods with the 
measurement of discrimination, such as AUC, measures 
of calibration (calibration plots, Hosmer and Lemeshow 
statistics, observed/expected event rates, etc), calculation 
of net benefit or decision curve, which would help ascer-
tain the CPS with the best diagnostic performance for 
PE among all the four CPS assessed. The findings of this 
study may guide clinicians in making informed decisions 
in predicting PE diagnosis and identification of patients 
at the need of further testings or anticoagulants therapy 
in resource-challenged environments where CTPA is not 
always available or affordable to confirm the diagnosis of 
PE.
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