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Abstract  
Introduction  
Despite the high mortality rate of acute untreated pulmonary embolism (PE) at 30%, 
diagnosing PE is challenging. While the prevalence of PE has decreased in recent years, 
the overuse of computed tomography pulmonary angiography (CTPA) remains a concern. 
The National Institute for Health and Care Excellence (NICE) provides guidelines using 
the Wells score for PE assessment. The Royal College of Radiologists (RCR) recommends a 
positive yield of 15.4% - 37% for CTPA tests. This study assesses the positive yield of 
CTPA for suspected PE patients and evaluates the potential reduction through Wells 
score/D-dimer assessment as recommended by NICE. 

Methods  
All patients who underwent CTPA between September 1, 2019, and January 31, 2020, at 
Salmaniya Medical Complex were included. Data on patient demographics and pre-CTPA 
workup were collected from electronic patient records (EPR) and stored in MS Excel 2019 
for analysis. 

Results  
Of 188 suspected PE patients (mean age 50 ±12.3 years; 62.8% female), 12.2% were 
diagnosed with PE. None had documented Wells scores. A low-risk Wells score (≤4) was 
assigned to 68.6% of patients, with only 26.1% undergoing D-dimer testing. PE was 
confirmed in 4 patients with low-risk Wells scores and elevated D-dimers. All 10 patients 
with low-risk Wells scores and negative D-dimers were PE-negative. 

Conclusion  
In total, 5.3% - 47.9% of the CTPAs conducted could have been avoided by following NICE 
guidelines. We propose integrating an algorithm-based checklist with validated tools like 
the Wells and Geneva scores into the ePMA system to guide appropriate CTPA referrals, 
promote evidence-based decision-making, reduce unnecessary imaging, and optimize 
patient care and resource use. 

INTRODUCTION 

Pulmonary Embolism (PE) is a potentially fatal yet pre
ventable medical condition characterized by a blockage in 
one of the pulmonary arteries in the lungs.1 Despite sig

nificant advancements in diagnostic techniques and thera
peutic interventions, PE remains a significant challenge for 
healthcare providers due to its high mortality rate, which is 
estimated to be as high as 30% if left untreated.1 The inci
dence of PE in Bahrain is not well documented.2 However, 
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it is suggested that the annual rate of Venous Thromboem
bolism (VTE) in the neighbouring Kingdom of Saudi Ara
bia (KSA) is 1.7 per 10,000 individuals as of 2022.3,4 This 
contrasts with the United States, which has a significantly 
higher prevalence, with an estimated rate of 1-2 VTE cases 
per 1,000 individuals (0.1-0.2%) each year.5 

The clinical presentation of PE is often non-specific, 
ranging from chest pain and shortness of breath to faint
ing.1 In some cases, PE can be completely asymptomatic, 
further complicating the diagnostic process.1 This wide 
range of symptomatology, coupled with the potentially fa
tal consequences of missed diagnosis, has led to a high in
dex of suspicion among clinicians and an increase in the 
use of diagnostic tests for PE. Among the various diagnostic 
modalities available, Computed Tomography Pulmonary 
Angiography (CTPA) has emerged as the gold standard 
choice due to its high sensitivity and specificity.6 However, 
the increasing reliance on CTPA has raised concerns about 
its overuse.7 While the prevalence of PE has decreased in 
recent years, the use of CTPA remains high. This overuse 
of CTPA not only exposes patients to unnecessary radiation 
but also places a significant burden on healthcare systems 
due to inefficient resource allocation.7 In Bahrain, a large 
cohort study proposes that the PE incidence among clin
ically suspected patients undergoing CTPA in a tertiary 
healthcare setting is 11.4%.8 This figure is lower than the 
recommended positive yield of CTPA set by the Royal Col
lege of Radiologists (UK), which advises that the acceptable 
CTPA positive yield should be between 15.4% and 37%.9 

Recognizing these challenges, the National Institute for 
Health and Care Excellence (NICE) has provided validated 
guidelines on the diagnostic workup plan for suspected PE 
cases.10 These guidelines illustrate that if PE is suspected, 
the 2-level PE Wells score should be used to estimate the 
clinical probability of PE.10 For people with a likely PE 
Wells score (more than 4 points), a computed tomography 
pulmonary angiogram (CTPA) should be offered immedi
ately. A D-dimer test should be offered for those with an 
unlikely PE Wells score (4 points or less), with the result 
available within four hours if possible. If the D-dimer test 
result is elevated, the actions for a likely PE Wells score are 
to be followed. If it is negative, alternative diagnoses are 
considered. 

Despite these guidelines, there is a lack of adherence 
among clinicians to NICE guidelines, leading to a lower-
than-recommended positive yield of CTPA tests.11 This 
study aims to assess the positive yield of CTPA orders in 
suspected PE cases at the Salmaniya Medical Complex 
(SMC), the largest tertiary hospital in Bahrain, and evaluate 
the potential reduction in CTPA use achievable through the 
application of Wells score/D-dimer assessment, as recom
mended by the NICE guidelines. 

MATERIALS AND METHODS 

STUDY POPULATION 

The study population consisted of patients who underwent 
CTPA at Salmaniya Medical Complex (SMC) from Septem

ber 1, 2019, to January 31, 2020. The inclusion criteria en
compassed any patient aged 18 years or older with a CTPA 
request registered due to a clinical suspicion of PE. The ex
clusion criteria were as follows: patients under 18 years of 
age, patients who did not attend their scheduled CTPA ap
pointments, and those with incomplete or missing records, 
such as those transferred to the Intensive Care Unit (ICU). 
Also, any cases where patients underwent CTPA for reasons 
unrelated to PE were excluded. 

STUDY DESIGN 

This was a retrospective study designed to assess the pos
itive yield of CTPA requests in patients with suspected PE 
and evaluate the potential reduction achievable through 
the application of Wells score/D-dimer assessment. 

DATA COLLECTION 

Data were collected from the Electronic Patient Records 
(EPR), which included patient demographics and pre-CTPA 
workup details, including the Wells score, chest X-ray 
(CXR), D-dimer, troponin, and brain natriuretic peptide 
(BNP). Several variables were retrospectively extracted for 
analysis. These included the patient’s age and gender, pre
senting diagnosis, baseline and clinical details, as well as 
laboratory findings such as the D-dimer level and vital signs 
(systolic blood pressure, diastolic blood pressure, heart 
rate, respiratory rate, Temperature, SaO2, paO2). The Wells 
score was calculated for all patients, referencing the pa
tient’s clinical records. The estimated Glomerular Filtration 
Rate (eGFR) was also calculated using the Modification of 
Diet in Renal Disease (MDRD) formula published by St 
George’s University of London. 

DATA ANALYSIS 

For descriptive analysis, the continuous data were repre
sented as means and standard deviations (SD), while the 
categorical data were denoted as a count (n) and percent
age. The yield of CTPA was calculated as the proportion of 
positive CTPAs out of the total number of CTPA scans con
ducted. All the results were manually entered into MS Ex
cel 2019 for analysis, and no other statistical analysis tools 
were utilized. 

ETHICAL CONSIDERATIONS 

Ethical approval was granted by the institutional ethical 
committee at Salmaniya Medical Complex. The confiden
tiality of the research data was maintained through data 
coding, where personal identifiers were replaced with 
unique codes to prevent any direct association with individ
ual participants. Access to the coded data was strictly re
stricted and limited only to the research team members di
rectly involved in data analysis. 
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Figure 1. Flow diagram of the patient selection process        
for the study.    

RESULTS 

PATIENT DEMOGRAPHICS AND PE DIAGNOSIS 

The analysis encompassed 188 patients (mean age: 50 ± 
12.3 years, 62.8% female) suspected of having PE. Data 
were retrieved for all patients who underwent CTPA be
tween September 1, 2019, and January 31, 2020, totalling 
249 patients. Of these, 61 patients were excluded based 
on the previously mentioned criteria: 26 patients were ex
cluded for being under 18 years old, and 35 were excluded 
due to incomplete or missing records (Figure 1). 

Of the 188 patients, only 23 patients (12.2%) were ul
timately diagnosed with PE via CTPA. This is significantly 
lower (p-value < 0.05) than the yield recommended by the 
Royal College of Radiologists (RCR) (15.4% - 37%). The 
most common symptoms included dyspnea (57.7%), chest 
pain (39.7%), heart rate >100 bpm (36.5%), hemoptysis 
(5.8%), unilateral lower limb pain (15.3%), and unilateral 
lower limb pain accompanied by edema (12.2%). Common 
risk factors based on the patient’s histories included recent 
surgery or immobilization (44.1%), followed by active or 
past year cancer (8.9%), and pregnancy (4.8%), while previ
ous PE/DVT (4.8%) and estrogen use (0.5%) were relatively 
less frequent. The demographics and clinical characteristics 
of the study participants are summarized in Table 1. 

PRE-TEST PE PROBABILITY ASSESSMENT AND CTPA 
FINDINGS 

Upon calculating the Wells score for our study population, 
a low-risk Wells score (≤4) was assigned to 129 patients 
(68.6%), of which only 49 (26.1%) underwent clinical D-
dimer testing. Among these, the D-dimer level was elevated 
in 39 patients. PE was confirmed in 4 out of the 39 patients 

Table 1. Demographics and clinical characteristics of      
the study participants.    

Demographics and Clinical 
Characteristics 

Value 

Total Patients Analyzed (n) 188 

Mean Age (± SD) 50 ± 12.3 years 

Gender Distribution (%) 

Female 62.8% 

Male 37.2% 

Common Symptoms (%) 

Dyspnea 57.7% 

Chest Pain 39.7% 

Heart Rate > 100 bpm 36.5% 

Hemoptysis 5.8% 

Unilateral Lower Limb Pain 15.3% 

Unilateral Lower Limb Pain with Edema 12.2% 

Common Risk Factors (%) 

Recent Surgery or Immobilization 44.1% 

Active or Recent (Past Year) Cancer 8.9% 

Pregnancy 4.8% 

Previous PE/DVT 4.8% 

Estrogen Use 0.5% 

Patients Diagnosed with PE 23 (12.2%) 

with low-risk Wells scores and high D-dimers. All 10 pa
tients (5.3%) with low-risk Wells scores and normal D-
dimers were PE-negative on CTPA. Eighty patients (47.9%) 
from the low-Wells score cohort were not followed up with 
a D-Dimer test. A high-risk Wells score (>4) was assigned to 
59 patients (31.4%), of which 19 were diagnosed with PE on 
CTPA (Table 2). 

The most frequent alternative diagnoses identified on 
CTPA were consolidation (48.9%), followed by pleural effu
sion (38.3%), atelectasis (23.9%), and ground-glass opaci
fication (22.9%). Less common diagnoses included pul
monary hypertension (6.9%), pulmonary edema (4.8%), 
diffuse interlobular septal thickening (2.1%), emphysema 
(1.6%), lung abscess (0.5%), and pneumothorax (0.5%). 

POTENTIAL REDUCTION IN CTPA REFERRALS 

We focused on two specific patient groups to calculate the 
potential reduction in CTPA use. The first group, compris
ing 5.3% of patients, had low-risk Wells scores (indicating 
PE was unlikely) and normal D-dimers, yet they underwent 
CTPA. The second group, 42.6% of patients, also had low-
risk Wells scores but did not receive D-dimer testing before 
CTPA. This represents a significant opportunity for im
provement, as refining the pre-test probability of PE could 
potentially avoid unnecessary radiation exposure. Our 
analysis shows that 5.3% - 47.9% of the total CTPA use 
could have been avoided using the Wells/D-dimer assess
ment, highlighting the potential benefit of implementing a 
more standardized approach incorporating both Wells score 
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Table 2. Breakdown of patients undergoing CTPA in a single tertiary center between September 1, 2019, and                
January 31, 2020.    

D-dimers (n, %) Positive CTPA result (n, %) 

Low wells score 
(n= 129; 67.9%) 

Tested high: 39 (20.7) 
Tested normal: 10 (5.3) 
Not tested: 80 (42.6) 

4 (2.1) 
0 
0 

High wells score 
(n= 59; 32.1%) 

Tested high: 27 (14.4) 
Tested normal: 1 (0.5) 
Not tested: 31 (16.5) 

7 (3.7) 
0 
12 (6.4) 

Total: 188 (100) 23 (12.2) 

and D-dimer assessment as recommended by NICE guide
lines. 

DISCUSSION 

This study aimed to assess the positive yield of CTPA orders 
in suspected PE cases at the Salmaniya Medical Complex 
(SMC) and evaluate the potential reduction in CTPA use 
achievable through the application of Wells score/D-dimer 
assessment, as recommended by the NICE guidelines. Our 
findings indicate a gap between current clinical practice 
and the recommended guidelines, particularly in the use of 
CTPA for patients with low likelihood of having PE. This 
highlights a critical area for improvement, as unnecessary 
CTPA orders reduce the test’s positive yield, expose pa
tients to avoidable radiation and increase healthcare re
source utilization. Addressing this gap by implementing 
guideline-based pre-test probability assessments could sig
nificantly optimize diagnostic accuracy and reduce the 
overuse of CTPA in low-risk patients. 

The positive yield of CTPA in our study was 12.2%, lower 
than the recommended yield by the Royal College of Radi
ologists (RCR) (15.4% - 37%). This is consistent with a study 
conducted at Wexham Park Hospital, which reported a pos
itive yield of 16.8%.12 Conversely, Chen et al. (2019) re
ported a higher yield at a Canadian academic tertiary center 
(15.9%).11 Sun et al. also reported a 30.7% yield in a single-
center experience in Australia, which is much higher than 
our study.13 These comparisons suggest an overuse of CTPA 
in our setting, consistent with concerns raised in the litera
ture about the over-reliance on this diagnostic modality.11,

12 Furthermore, over the past two decades, several studies 
have assessed the adherence of CTPA utilization to inter
national diagnostic guidelines.14‑16 These studies have pre
dominantly found low adherence rates, which has resulted 
in an increased use of CTPA scans. A study conducted in 
New Zealand District Hospital revealed that following in
ternational guidelines could have avoided up to 30% of all 
CTPA scans.14 These guidelines recommend that patients 
with a low or intermediate clinical probability and a nega
tive D-dimer result can be ruled out for PE without the need 
for CTPA. On the other hand, CTPA is needed to confirm PE 
for patients with a low or intermediate clinical probability 
and a positive D-dimer result. In cases of high clinical prob
ability, CTPA is recommended to confirm PE without the 
need for D-dimer testing. Similarly, two studies conducted 

at Tehran’s University of Medical Sciences (2015) and an 
academic medical center in Philadelphia (2014) showed an 
adherence rate of 43.9% and 49.5%, respectively.15,16 These 
findings underscore the need for improved adherence to di
agnostic guidelines in the utilization of CTPA scans.12,15 

Our study found that the Wells score/D-dimer assess
ment was not followed in 47.9% of patients (low-risk Wells 
score with normal/non-tested D-Dimers who had CTPA). 
This is a significant finding, as adherence to these guide
lines could potentially reduce the use of CTPA by between 
5.3% and 47.9%. This is in line with a regional clinical audit 
that found a lower-than-recommended positive yield and 
suggested that adherence to current guidelines could in
crease the diagnostic yield and reduce costs and risks asso
ciated with CTPA scans.15 Potential barriers to guidelines 
adherence include diagnostic uncertainty and the fear of 
missing PE, time pressures due to high patient volumes, 
knowledge gaps and lack of guideline awareness among 
clinicians, and institutional or cultural factors (e.g., “better 
safe than sorry” practices) that may promote a more liberal 
use of CTPA.15 

Several studies have proposed strategies to mitigate the 
overuse of CTPA scans. For instance, two studies conducted 
in Germany and the Netherlands recommended integrating 
an evidence-based clinical decision support (CDS) system 
into the electronic medical record that provides real-time, 
patient-specific recommendations to clinicians by flagging 
certain clinical details and potential concerns about unnec
essary testing based on the latest international guidelines, 
to alleviate the overestimated apprehension or fear of mis
diagnosing or missing Pulmonary Embolism (PE). This also 
ensures that CTPA is only ordered when truly warranted .17,

18 Additionally, other studies have emphasized consulting 
with senior colleagues or other physicians before referring 
patients for CTPA, which encourages a collaborative ap
proach to patient care, ensuring that CTPA is only utilized 
in cases where the clinical indications are robust and jus
tifiable. Furthermore, involving senior colleagues can help 
reinforce clinical judgment and reduce the pressure to order 
unnecessary tests out of fear of missing a diagnosis or de
fensive medicine.19 

We propose integrating an algorithm-based checklist 
into the electronic prescription and medication adminis
tration software (ePMA) to enhance the management of 
CTPA referrals. This checklist would incorporate interna
tionally validated assessment tools, such as the Wells and/
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or Geneva scores, into the process of submitting clinical 
details required for scan requests. By systematically evalu
ating the likelihood of PE through these tools, the check
list would guide clinicians in determining whether a CTPA 
scan is warranted. Furthermore, the system would generate 
alerts when the pre-test assessment indicates a low proba
bility of PE, prompting reconsideration of the scan request. 
This approach aims to promote evidence-based decision-
making, reduce unnecessary imaging, and ensure that CTPA 
is utilized appropriately, improving patient care and opti
mizing healthcare resources. 

Our study has a few limitations. It was conducted in a 
single center; hence, it is important to note that our find
ings are specific to our study setting. We recommend fu
ture multi-center studies to evaluate the applicability of 
these findings across diverse healthcare environments. Sec
ondly, the Wells score was retrospectively calculated, which 
may not accurately reflect the clinical judgment at the time 
of presentation. Additionally, the wide range of potential 
CTPA reduction (5.3% –47.9%) reflects variability due to 
incomplete adherence to NICE guidelines, particularly the 
omission of D-dimer testing in patients with low risk of 
PE. Despite these limitations, our study provides valuable 
insights into current diagnostic practices for PE and high
lights the potential for improving patient care and resource 
allocation through adherence to validated guidelines. 

CONCLUSION 

In conclusion, despite the huge improvement in PE diag
nosis after the introduction of CTPA, there is evidence that 
this imaging modality is overused globally.16‑19 Neverthe
less, investigating CTPA utilization in Bahrain is particu
larly important, as this issue has not been thoroughly ex
amined in the region. Given the potential differences in 
local healthcare practices and patient demographics com
pared to global trends, it is also crucial to assess how in
ternational guidelines can be effectively adapted locally. 
Improper CTPA requests are associated with many health-
related and financial issues. Algorithm-based clinical 
guidelines and validated pre-test assessment tools should 
be applied instantly to guide the rational use of CTPA. 
Our study underscores the need for improved adherence to 
recommended guidelines in the diagnostic workup of sus
pected PE cases. Future research should focus on strategies 

to improve guideline adherence and evaluate the impact 
of such interventions on patient outcomes and healthcare 
resource utilization. We propose integrating an algorithm-
based checklist with validated tools like the Wells and 
Geneva scores into the ePMA system to guide appropriate 
CTPA referrals, promote evidence-based decision-making, 
reduce unnecessary imaging, and optimize patient care and 
resource allocation. 
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