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ABSTRACT 
 

Introduction: The cumulative incidence of pulmonary embolism (PE) in South Asia is 1.03 per 10 
000 pregnancies with maternal mortality rate of 11.1%. Given the morbidity and mortality of 
undiagnosed PE in pregnancy, the threshold to perform computed tomography pulmonary 
angiography (CTPA) is low due to the fear of missing the diagnosis of PE. Often the pre-test clinical 
scores are bypassed especially the modified Well score (MWS), which is widely used in the general 
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population yet not validated in pregnant women. The objectives of our studies were:  
1. To assess CTPA ordering trend and its positive rate 
2. To evaluate the diagnostic accuracy of MWS in predicting PE in pregnancy 
3. To identify the rate of contrast-associated acute kidney injury (CA-AKI) post CTPA 
Study Design: It was a retrospective study which included all pregnant and postpartum patients 
who underwent CTPA for suspected PE in Hospital Raja Permaisuri Bainun, Malaysia from Jan 
2018 to December 2022. A total of 185 CTPA results were retrieved and MWS were calculated 
retrospectively:  ≤ 4 (unlikely PE) or >4 (likely PE). 
Results: The positive rate of CTPA was 20/185 (10.5%). From 185 patients, the sensitivity, 
specificity, positive predicate value (PPV) and negative predictive value (NPV) of MWS were 90%, 
14.5%, 11.3%, and 92.3% respectively, in predicting PE. The receiver operating characteristic 
(ROC) curve analysis showed a non-discriminating value (0.5). 7.1% of patients had CA-AKI post-
CTPA.  
Conclusion: The trend of using CTPA in diagnosing PE in pregnant women had been steady 
despite our finding of its low diagnostic yield. Although Modified Wells score is widely used in the 
general population, its implications for pregnant patients are still a matter of debate. 
 

 
Keywords: CTPA; modified wells score; pulmonary embolism; venous thromboembolism. 
 

1. INTRODUCTION  
 
Venous thromboembolism is one of the leading 
causes of death in pregnant women. The 
incidence of VTE is about 1-2 per 1000, and the 
incidence of pulmonary embolism is almost 1 in 
10,000 [1,2]. A recent study [3] showed the 
cumulative incidence of pulmonary embolism 
(PE) in South Asia is 1.03 per 10,000 
pregnancies with maternal mortality rate of 
11.1%.  With low prevalence but fatal 
consequences for mother and fetus, there is a 
low threshold to suspect pulmonary embolism 
due to the fear of missing a PE. In addition to the 
diagnostic challenges, the symptoms of 
pulmonary embolism often overlap with 
symptoms of physiological changes occurring 
during pregnancy, such as shortness of breath or 
tachycardia. Thus, CTPA has become the most 
widely used and reference standard of diagnostic 
imaging technique for patients suspected of PE. 
It is easily accessible in our setting, even 
bypassing the initial clinical probability 
assessment.  
 

A study from a single tertiary center in 
Switzerland [4] showed an annual 4-fold increase 
in CTPA examinations in 17 years. A similar 
result from another center in Africa [5] showed an 
increase of 25% per year over the past 10 years. 
In a paper published in 2008, the PE positive rate 
for CTPA was only 10%, and they commented on 
the overuse of CTPA as a screening rather than 
a diagnostic examination [5]. Interestingly, the 
PE diagnostic yield from CTPA performed differs 
geographically [7]. The yield of positive CTPA in 
Europe is about 20–31%, while in the US it is 

only about 10% [8,9,10]. In Malaysia, we are 
using minimum of positive rate of 15.4% as 
recommended by the Royal College of 
Radiologists, while other studies in the general 
Malaysian population quoted about 25–33% of a 
positive rate [11]. 
 
In view of the concern about the low yield of PE-
positive CTPA, C. Rotzinger [4] also suggested 
the need for new diagnostic strategies to safely 
exclude PE with fewer radiological examinations. 
With the introduction of pre-test clinical score in 
one of the large interventional studies [12], the 
yield of CTPA to diagnose PE has shown an 
increase from 9.2% to 12.6%. Recently, Medson 
et al. [13] showed the CTPA PE yield decreased 
by about 8–21% when the pre-test clinical score 
was bypassed. In a meta-analysis [14] showing 
similar accuracy using different pre-test clinical 
scores in diagnosing PE. More specifically, Wang 
et al [15] proved that with Wells criteria, there is a 
modest increase in CTPA yield in                
diagnosing PE. 
 
Multiple algorithms have been investigated to 
identify high-risk patient groups; however, none 
of those are validated in obstetrics patients. More 
recently, pregnancy-adapted Geneva score [16] 
and YEARS [17] algorithm have been 
investigated in pregnant women. Without the 
need for imaging, those algorithms are shown to 
be able to safely exclude a small set of patients 
from pulmonary embolism in conjunction with D-
dimer level. However, in present guidelines as 
well as in our setting, D-dimer is rarely ordered to 
exclude pulmonary embolism in view of the 
normally raised level in pregnancy, especially in 
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maternal conditions such as preeclampsia, which 
causes more false positive results [18,19]. 
 
A commonly used pre-test clinical score is 
Modified Well’s [20] score to risk stratify high-risk 
patients during pregnancy and the puerperium 
period. There are several studies looking into the 
diagnostic accuracy of MWS. Back in 2011, a 
study from Hospital Dublin single tertiary referral 
hospital where a total of 125 women was 
investigated. The significant result for patients 
with MWS scores of 6 has 100% sensitivity and 
90% specificity, with a 36% positive predictive 
value for PE on CTPA [21]. This study also 
showed that there was no patient with low MWS 
who had PE (NPV of 100%). It was the first 
application of MWS to pregnancy, and the article 
emphasized that low MWS scores could avoid 
unnecessary investigations by at least one third. 
Similar studies [22,23] also suggested a 
sensitivity of 100% and a specificity of 90% with 
a high MWS. However, there were a few 
subsequent studies that concluded CTPA was 
overused in patients with low and intermediate 
MWS. For example, Hanieh Raji et al. [24] found 
that from 120 patients, the positive CT 
angiography test in patients with low, 
intermediate, and high clinical probability was 18, 
44, and 82%. Crichlow et.al [25] studied 152 
patients with suspected PE in the Hospital of the 
University of Pennsylvania and concluded that 
13.8% of the CTPA procedures could have been 
avoided by proper use of Wells/D-dimer. In 
another study with 575 sample sizes, it was also 
shown that up to 25% of CTPA scans were 
unnecessary in those patients with a low or 
intermediate probability of PE [9]. 
 
Overuse of CTPA certainly imposes a financial 
burden on the hospital. Furthermore, there is a 
risk of administrating iodinated contrast material 
in pregnant women, causing contrast-induced 
nephropathy. A study by Clare O Connor et al 
[21] showed that 14% of the patients who 
underwent CTPA sustained AKI after CTPA. 
There is also small excess risk of breast 
malignancy in pregnant patient in relative to 
baseline cancer risk. Thus, there is a need for 
the proper use of pretest clinical score to reduce 
the use of CTPA in our pregnant population.  
 
In this study, we are determining the imaging rate 
of CTPA over the past 5 years and its diagnostic 
yield. Subsequently, we retrospectively assessed 
the pre-test clinical score based on modified 
Wells score (MWS) and evaluated the diagnostic 

accuracy of MWS in predicting PE. The last part 
of the research investigated the rate of contrast-
associated acute kidney injury (CA-AKI) in these 
patients after CTPA. 
 

2. METHODOLOGY 
 
This research has received ethical approval from 
the National Medical Research Registry of 
Malaysia (NMRR- ID-23-00208-Q6M). Informed 
consent was waived owing to the cross-sectional 
nature of this study.  
 

2.1 Study Setting 
 
Hospital Raja Permaisuri Bainun is a tertiary 
hospital for the Perak state of Malaysia and 
provides care for about 670,000 people in Perak. 
The Obstetrics and Gynecology Department has 
over 3,000 deliveries per year. There are also a 
variety of services offered by the radiology 
department, including CT scans, and MRIs. 

 
2.2 Study Population 
 
This is a cross-sectional analytical study of all 
pregnant and postpartum patients who 
underwent diagnostic testing with CTPA for 
suspected PE from January 1st, 2018, to 
December 31st, 2022. This study was approved 
by the Medical Research and Ethics Committee 
(MREC) of Ministry of Health of Malaysia  
(MOH).  

 
For a total of 199 studies, 14 CTPAs were 
excluded in view of a non-diagnostic result or a 
severely degraded image after being carefully 
reviewed by the radiologist. All other 185 patients 
who underwent CTPA in the study timeframe 
were included. Exclusion criteria of this study 
were all pregnant or postpartum patient with low 
suspicion of pulmonary embolism not requiring 
further definitive imaging. Also, patients with 
incomplete medical record were excluded from 
the studies.  

 
2.3 Study Design/Data Collection  
 
All patients were identified via electronic medical 
record. The number of scans ordered each year 
were documented. In this retrospective study, all 
pregnant or postpartum patients with suspected 
PE who had a diagnostic imaging (CTPA) will be 
retrospectively assessed using MWS and 
corresponded to the CTPA result. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3506180/
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Table 1. Modified wells score 
 

Criteria Points 

Clinical signs and symptoms of DVT  3 points 
An alternative diagnosis is less likely than PE 3 points 
Heart rate more than 100 1.5 points 
Immobilization for ≥3 days or surgery within 30 days 1.5 points 
Previous diagnosed PE or DVT  1.5 points 
Hemoptysis 1 point 
Malignancy  1 point 

MWS ≤ 4 -> PE unlikely 
MWS >4 -> PE likely 

 
A data collection form used to collect data from 
patients’ electronic record. The collected data 
included patient’s age and trimester, clinical signs 
and symptoms of DVT (=3 points), an alternative 
diagnosis is less likely than PE (=3 points), heart 
rate more than 100(=1.5 points), immobilization 
for ≥3 days or surgery within 30 days (=1.5 
points), previous diagnosed PE or DVT (=1.5 
points), hemoptysis(=1 points), malignancy (on 
treatment/treatment in last 6 months or palliative) 
(=1 point), COVID status with CTPA result. 
 
The modified well score (Table 1) was then 
calculated from a manual review of patients’ 
electronic records for each component of the 
scoring system by a single observer blinded to 
the final diagnosis. The patients were stratified 
into 2 groups: PE unlikely with a score ≤ 4 and 
PE likely with scores >4.  The two categories of 
patients were compared with the CTPA       
outcome. 
 
CTPA results were retrieved from Radiology 
Information System and classified into positive 
(presence of PE) or negative (absence of PE). 
Those indeterminate / non-diagnostic CTPA were 
further reviewed by experienced radiologist 
before excluded or included in the study.  
 
Patients’ creatinine values were identified 
(baseline and within 72 hours after CTPA). A 
25% increase in serum creatinine from baseline 
within 48-72 hours of contrast administration is 
defined as CA-AKI.  
 

2.4 Imaging Techniques 
 
CTPA was acquired with 64- and 128- MDCT 
helical scanners (Canon and GE Healthcare). 
Two acquisition methods were used: bolus-
tracking and timing bolus. With bolus tracking a 
region of interest (ROI) is placed over the main 
pulmonary trunk in the axial image and a few 
dynamic images are obtained in the same 

position after the injection of contrast material. 
When a pre-determined threshold is met (e.g., 
100 HU), scanning is initiated. In the timing bolus 
method, a ROI is placed within the pulmonary 
trunk after a 20-mL timing test contrast bolus is 
given. 100 mL of nonionic low-osmolar contrast 
medium was administered via IV (iopromide, 
iohexol, or iopamidol). Caudocranial 1-mm 
helical images were acquired from the thoracic 
inept to the adrenal glands at 100–120 kV with 
automodulated mAs. Multiplaner reconstruction 
were performed. Malaysia Ministry of Health 
(MoH) recognized radiologists who interpreted 
the CTPA images. All studies were interpreted on 
a PACS workstation. The scans were classified 
as positive (presence of PE) or negative 
(absence of PE). Less than 15 of the scans were 
excluded due to indeterminate or non-diagnostic 
CTPA images within this cohort after being 
reviewed again by another experienced 
radiologist during our study. 
 

2.5 Data Analysis 
 
The number of CTPA orders for the past 5 years 
was recorded and compared as a number and 
frequency (in%). The CTPA diagnostic yield was 
the percentage of CTPA tests that were positive 
for PE. 
 
Using CTPA as the reference diagnostic test, the 
diagnostic accuracy of MWS will be determined 
using sensitivity, specificity, positive predictive 
value, and negative predictive value. Sensitivity 
was defined by the proportion of patients with 
CTPA-confirmed PE who had a PE-likely 
probability. Specificity was the proportion of 
patients with negative CTPA who had a PE-
unlikely probability. The positive predictive value 
was the proportion of patients with a PE likely 
score who had CTPA-confirmed PE. The 
negative predictive value was the proportion of 
patients with PE-unlikely probability who had a 
negative CTPA. 
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The accuracy was determined using receiver 
operating characteristic (ROC) curve analysis 
(SPSS software, version 23.0). 
 

3. RESULTS  
 
A total of 199 CTPAs performed                              
and 14 were excluded due to non-diagnostic 
images. The number of CTPA ordered                  
increased about 39-46% form the year                   
of 2018 and steadily ranging about 39-41                 
scans were ordered from 2020 to 2022. The 
positive rate of CTPA was 19/185 (10.3%)            
(Fig. 1). 
 

Among 185 patients, 159 (82%) were 
dichotomized into high probability group and 26 
patients (17%) were in low probability category. 

The percentage of patients diagnosed with PE in 
these 2 groups were 7.6% and 11.3% 
respectively (Table 2). The positive rate of CTPA 
is linearly proportional to well score. 
 
The sensitivity, specificity, positive                          
predicate value (PPV) and negative predictive 
value (NPV) of MWS were 90%, 14.5%, 11.3% 
and 92.3% respectively in predicting PE. The 
receiver operating characteristic (ROC) curve 
analysis showed non-discriminating value (0.5) 
(Fig. 2). 
 
74% (136 out of 185) had pre-CTPA renal 
function, and out of 136 of patient only 84 had 
post-CTPA renal function test done (62%). About 
7.1% of patients had contrast-associated AKI 
post CTPA (n=84).  

 

 
 

Fig. 1. Number of CTPA over the year of 2018-2022 and their positive rate 
 

Table 2. Classification of patients and the prevalence of PE in the two probability groups 
according to the modified wells scores 

 

 Modified wells score Total 

Low   High 

All patients, n (%) 26 (17) 159 (82) 185 (100) 
Patients with PE, n (%) 2 (7.6) 18 (11.3) 20 (100) 

 
Table 3. Diagnostic accuracy of MWS 

 

Diagnostic accuracy Sensitivity Specificity Positive predictive 
value 

Negative predictive 
value 

Modified Wells score 90% 14.5% 11.3% 92.3% 
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Fig. 2. ROC curve analysis of MWS 
 

4. DISCUSSION 
 
Despite the low incidence of PE in pregnancy, it 
remains the second most common cause of 
maternal death in Malaysia [26,27]. With the 
widely available CTPA in tertiary hospitals 
throughout the Malaysia and the significance of 
timely diagnosis of PE in pregnancy, there is 
always a low test threshold for diagnostic 
imaging in this group of patients [28]. To our 
knowledge, this is the first study in Malaysia 
looking into the number of CTPA orders and the 
diagnostic yield of CTPA in pregnant and 
puerperium women over 5 years.  
 
We observed a substantial increase in the 
number of scans ordered from 2019 to 2022. 
However, the positive rate was in a wide range of 
about 2.4–20%. In the cohort of 2020–2021, the 
CTPA positive rate was as high as 13.2-20%, 
with 1/5 of the scans ordered for pregnant 
patients with COVID-19. This might be a 
reflection of the association between thrombotic 
events and PE in pregnancy during the COVID-
19 pandemic [29]. 
 

Overall, our diagnostic yield was only 10.3%. 
This diagnostic yield was below the 
recommendation by Royal College of 
Radiologists and other studies conducted in the 
general population. Nonetheless, the finding            
was in line with a 17-year Swiss study in 
pregnant population (7%) [4]. This has further 
validated the challenges of diagnosing PE in 
pregnancy. 

Prior research has indicated that MWS is 
applicable to pregnancy with notable results 
demonstrating great sensitivity and specificity 
with the conclusion of low MWS score could 
avoid unnecessary imaging by at least one third 
[24,25]. However, the unblinded study with 
retrospective nature and small sample size 
rendered the identification of low-risk group less 
reliable in those studies.  
 
On the other hand, our result revealed a lower 
sensitivity rate of 90% and specificity of 14.5% 
which was partially supported by another study 
[30]. Low specificity might be contributed by a 
significant percentage of pregnant women who 
presented with nonspecific clinical symptoms and 
signs; in our study, about 82% of patients were 
classified as high-probability PE group. 
Pregnancy-related physiological alterations like 
tachycardia are frequently the most prevalent 
presenting signs that lead to the suspicion of PE. 
The utilization of MWS is even more limited 
during the COVID-19 pandemic, where 
tachycardia is not uncommon in COVID-19 
pregnant women [31]. In addition, one of the 
score components, “alternative diagnosis less 
likely than PE”, was also debated for its 
subjectivity causing interobserver variability 
[32,33]. Furthermore, there is also a lack of 
inclusion of pregnancy-specific variables that 
may be associated with PE, such as caesarean, 
delivery, preeclampsia, and infection, in the 
scoring system. All these highlight the drawbacks 
of Well’s score and the majority of the clinical 
prediction model scores in this group of patients. 
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Previous studies also showed that none of the 
patients with low MWS had PE (NPV 100%) 
[21,22]. This is inconsistent with our finding, 
where the prevalence of PE was 7.6% with an 
NPV of 92.3% in the low probability group. This 
outcome can be due to the distinct patient profile, 
symptoms, and multi-ethnicity population in our 
study. Out of the 26 patients with low MWS, 
there are 2 patients diagnosed with PE: one 
patient has COVID-19, and the other patient’s 
primary symptom was chest pain. From scan, 
both patients had filling defect over left branch of 
pulmonary arteries and diagnosed with mild 
pulmonary embolism. The positive rate of CTPA 
is linearly proportional to the Well score (7.6% for 
a low score and 11.3% for high risk); however, 
the receiver operating characteristic (ROC) curve 
analysis demonstrated poor discriminatory 
accuracy of MWS in predicting PE in pregnancy. 
Essentially, it is important to have personalized 
risk assessment despite low clinical probability. 
 
According to the Malaysia Clinical Practice 
Guideline of venous embolism, the first step in 
the algorithm to diagnose PE in pregnancy is by 
imaging modality [34]. There is always a risk of 
contrast-associated AKI with CTPA. The reported 
incidence ranged between 6.5 and 19% [35]. In 
our studies we discovered that up to 7.1% patient 
had CA-AKI post CTPA. All the 6 pregnant 
patients with CA-AKI had either a pre-existing 
medical condition such as systemic lupus 
erythematosus, multiple myeloma, or were 
critically ill. However, in view of the fact that 
about half of the patients did not have a post-
CTPA renal profile as it was not routinely 
performed, the actual rate might be 
underestimated. Nevertheless, there is little 
prospective research on the reversibility of renal 
function post-contrast in obstetrics patients and 
those studies often include multiple confounding 
variables. 
 
The strength of the study was the consistent 
application of MWS by a single reviewer who 
was blinded by the CTPA result. There were a 
few limitations in our study: the retrospective 
assignment of MWS instead of the physician 
evaluating the patient. This study had a relatively 
small sample size from a single tertiary center 
and may not be representative of the population. 
In addition, our study did not involve patients with 
suspected PE who had not undergone CTPA. In 
some cases, compression ultrasonography of the 
lower limbs is performed instead of CTPA when 
a patient suspected of PE has lower limb 
symptoms. Patients suspected of PE with a 

diagnosis of DVT will be treated without 
proceeding to advanced imaging. In our study, 
we did not identify this small group of patients, 
but we believe that we included those patients in 
our study as clinical sign and symptoms of DVT 
is one of the components of MWS, so the 
diagnosis of PE without CTPA has little effect on 
our study.  
 

5. CONCLUSION 
 

CTPA has been the first diagnostic modality in 
diagnosing PE and the diagnostic yield of CTPA 
performed at our facility has been comparable 
with larger world studies. 
 

Modified Well’s score is widely used in the 
general population but its implications for 
pregnant patients are still a matter of debate. 
With the lack of validated pretest clinical scores 
in this specific patient category, it is improbable 
that we are overusing CTPA when a prompt 
diagnosis is necessary for this fatal disorder. To 
avoid the unnecessary risk of CTPA to pregnant 
mothers, future studies on large prospective 
cohorts are needed to investigate the safety and 
efficacy of other pretest clinical scores to rule out 
PE in pregnant women.  
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 

Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts.  
 

CONSENT  
 

It is not applicable. 
 

ETHICAL APPROVAL  
 

This research has received ethical approval from 
the National Medical Research Registry of 
Malaysia (NMRR- ID-23-00208-Q6M). Informed 
consent was waived owing to the cross-sectional 
nature of this study.  
 

ACKNOWLEDGEMENTS 
 

The authors would like to thank the IT 
department for assisting in retrieving patients’ 
record. Special thanks to Dr Logeswary 
Balasubramaniam for intellectual and editorial 
advice and ideas; Dr Manharpreet.S Sandhu, Dr 
Nusrat M Hasanaly and Dr Wan Noor Hayati 
Ansop for mental support. 



 
 
 
 

Lai et al.; Asian Res. J. Gynaecol. Obst., vol. 7, no. 1, pp. 135-144, 2024; Article no.ARJGO.118458 
 
 

 
142 

 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Cantwell R, Clutton-Brock T, Cooper G, 
Dawson A, Drife J, Garrod D, Harper A, 
Hulbert D, Lucas S, McClure J et al. 
Saving mothers’ lives: Reviewing maternal 
deaths to make motherhood safer: 2006–
2008. The Eighth Report of the 
Confidential Enquiries into Maternal 
Deaths in the United Kingdom. BJOG. 
2011;118(Suppl. 1):1–203.  

2. Heit JA, Kobbervig CE, James AH, 
Petterson TM, Bailey KR, Melton LJ, 3rd. 
Trends in the incidence of venous 
thromboembolism during pregnancy or 
postpartum: A 30-year population-based 
study. Ann. Intern. Med. 2005;143:697–
706.  

3. Tan TC, Goh CMY, Tan SSX, Tan LK, 
Yang Y, Lee LH. Epidemiology of 
pregnancy-associated pulmonary 
embolism in South Asian multi-ethnic 
country: Mortality trends over the last four 
decades. J Obstet Gynaecol Res. 2021; 
47(1):174-183.  
DOI:10.1111/jog.14450 

4. Rotzinger DC, Dunet V, Ilic V, Hugli OW, 
Meuli RA, Schmidt S. Pulmonary embolism 
during pregnancy: a 17-year single-center 
retrospective MDCT pulmonary 
angiography study. Eur Radiol. 2020 
Mar;30(3):1780- 1789. 

5. Lazarus E, Debenedectis C, North D, 
Spencer PK, Mayo-Smith WW. Utilization 
of imaging in pregnant patients: 10-year 
review of 5270 examinations in 3285 
patients—1997–2006. Radiology. 2009; 
251:517–24. 

6. Costantino MM, Randall G, Gosselin M, 
Brandt M, Spinning K, Vegas CD. CT 
angiography in the evaluation of acute 
pulmonary embolus. AJR Am J 
Roentgenol. 2008;191(2):471-474.  
DOI: 10.2214/AJR.07.2552 

7. Dalen JE, Waterbrook AL. Why are nearly 
all CT pulmonary angiograms for 
suspected pulmonary embolism negative? 
Am J Medicine. 2017;130:247–8. 

8. Douma RA, le Gal G, Söhne M, et al. 
Potential of an age-adjusted D-dimer cut-
off value to improve the exclusion of 
pulmonary embolism in older patients: A 

retrospective analysis of three large 
cohorts. BMJ. 2010;340:c1475.  

9. Van Belle A, Büller HR, Huisman MV, et al. 
Christopher study investigators. 
Effectiveness of managing suspected 
pulmonary embolism using an algorithm 
combining clinical probability, D-dimer 
testing and computed tomography. JAMA. 
2006;295(2):172-179.  

10. Penaloza A, Verschuren F, Meyer G, et al. 
Comparison of the unstructured clinical 
gestalt, the Wells Score, and the revised 
Geneva score to estimate pretest 
probability for suspected pulmonary 
embolism. Ann Emerg Med. 2013;62:117-
124. 

11. Low C, Kow R, Abd Aziz A, et al. 
Diagnostic Yield of CT Pulmonary 
Angiogram in the Diagnosis of Pulmonary 
Embolism and Its Predictive Factors. 
Cureus. 2023;15(6):e40484.  
DOI: 10.7759/cureus.40484  

12. Prevedello, Luciano M et al. Does clinical 
decision support reduce unwarranted 
variation in yield of CT pulmonary 
angiogram? The American Journal of 
Medicine. 2013;126(11):975-81.  
DOI: 10.1016/j.amjmed.2013.04.018 

13. Medson K, Yu J, Liwenborg L, Lindholm P, 
Westerlund E. Comparing clinical hunch 
against clinical decision support systems 
(PERC rule, wells score, revised Geneva 
score and YEARS criteria) in the diagnosis 
of acute pulmonary embolism. BMC Pulm 
Med. 2022;22(1):432.  
DOI: 10.1186/s12890-022-02242-1 

14. Ceriani E, Combescure C, Le Gal G, et al. 
Clinical prediction rules for pulmonary 
embolism: A systematic review and meta-
analysis. J Thromb Haemost. 2010;8(5): 
957-970.  
DOI: 10.1111/j.1538-7836.2010.03801.x 

15. Wang RC, Bent S, Weber E, Neilson J, 
Smith-Bindman R, Fahimi J. The impact of 
clinical decision rules on computed 
tomography use and yield for pulmonary 
embolism: A systemic review and meta-
analysis. Ann Emerg Med. 2016;67(6):693-
701.e3. 

16. Robert-Ebadi H, Elias A, Sanchez O, Le 
Moigne E, Schmidt J, Le Gall C, et al. 
Assessing the clinical probability of 
pulmonary embolism during                   
pregnancy: The pregnancy-adapted 
Geneva (PAG) score. Journal of 
Thrombosis and Haemostasis. 2021;19 
(12):3044–3050.  



 
 
 
 

Lai et al.; Asian Res. J. Gynaecol. Obst., vol. 7, no. 1, pp. 135-144, 2024; Article no.ARJGO.118458 
 
 

 
143 

 

17. Van der Pol LM, Tromeur C, Bistervels IM, 
Ni Ainle F, van Bemmel T, Bertoletti L, et 
al. Pregnancy- adapted YEARS algorithm 
for diagnosis of suspected pulmonary 
embolism. N Engl J Med. 2019;380:1139– 
49.  

18. Murphy N, Broadhurst DI, Khashan AS, 
Gilligan O, Kenny LC, O'Donoghue K. 
Gestation-specific D-dimer reference 
ranges: A cross-sectional study. BJOG. 
2015;122(3):395-400.  
DOI: 10.1111/1471-0528.12855 

19. Pinheiro Mde B, Junqueira DR, Coelho FF, 
et al. D-dimer in preeclampsia: Systematic 
review and meta-analysis. Clin Chim Acta. 
2012;414:166-170.  
DOI: 10.1016/j.cca.2012.08.003 

20. Wells PS, Anderson DR, Rodger M, et al. 
Excluding pulmonary embolism at the 
bedside without diagnostic imaging: 
management of patients with suspected 
pulmonary embolism presenting to the 
emergency department by using a simple 
clinical model and d-dimer. Ann Intern 
Med. 2001;135(2):98-107.  
DOI:10.7326/0003-4819-135-2-
200107170-00010 

21. O’Connor C, Moriarty J, Walsh J, Murray J, 
Coulter-Smith S, Boyd W. The application 
of a clinical risk stratification score may 
reduce unnecessary investigations for 
pulmonary embolism in pregnancy. J 
Matern Fetal Neonatal Med. 2011;24: 
1461–4.  

22. Cutts BA, Tran HA, Merriman E, 
Nandurkar D, Soo G, DasGupta D, et al. 
The utility of the wells clinical prediction 
model and ventilation-perfusion scanning 
for pulmonary embolism diagnosis in 
pregnancy. Blood Coagul Fibrinolysis. 
2014;25(4):375–8.  

23. Parilla BV, Fournogerakis R, Archer A, 
Sulo S, Laurent L, Lee P, et al. Diagnosing 
pulmonary embolism in pregnancy: Are 
biomarkers and clinical predictive models 
useful? AJP Rep. 2016;6(2):e160–4.  

24. Raji, Hanieh et al. Overuse and underuse 
of pulmonary CT angiography in patients 
with suspected pulmonary embolism. 
Medical Journal of the Islamic Republic of 
Iran. 2018;32:3.   
DOI:10.14196/mjiri.32.3 

25. Crichlow A, Cuker A, Mills AM. Overuse of 
computed tomography pulmonary 
angiography in the evaluation of patients 
with suspected pulmonary embolism in the 

emergency department. Acad Emerg Med. 
2012;19(11):1219-1226.  
DOI:10.1111/acem.12012 

26. Kaur J, Singh H. Maternal Health in 
Malaysia: A review. Webmed Central 
Public Health. 2011;2: WMC002598.  
Available:https:// 
doi.org/10.9754/journal.wmc.2011.002598 

27. Ministry of Health Malaysia. Prevention & 
treatment of thromboembolism in 
pregnancy and puerperium a training 
Manual; 2018. 

28. Kline JA, Richardson DM, Than MP, 
Penaloza A, Roy PM. Systematic review 
and meta-analysis of pregnant patients 
investigated for suspected pulmonary 
embolism in the emergency department. 
Acad Emerg Med. 2014;21(9):949-959.  
DOI: 10.1111/acem.12471 

29. Servante J, Swallow G, Thornton JG, et al. 
Haemostatic and thrombo-embolic 
complications in pregnant women with 
COVID-19: A systematic review and critical 
analysis. BMC Pregnancy Childbirth. 
2021;21(1):108. Published 2021 Feb 5.  
DOI: 10.1186/s12884-021-03568-0 

30. Touhami O, Marzouk SB, Bennasr L, et al. 
Are the wells score and the revised geneva 
score valuable for the diagnosis of 
pulmonary embolism in pregnancy? Eur J 
Obstet Gynecol Reprod Biol. 2018;221: 
166-171.  
DOI: 10.1016/j.ejogrb.2017.12.049 

31. Askary E, Poordast T, Shiravani Z, et al. 
Coronavirus disease 2019 (COVID-19) 
manifestations during pregnancy in all 
three trimesters: A case series. Int J 
Reprod Biomed. 2021;19(2):                            
191-204. Published 2021 Feb 21.  
DOI: 10.18502/ijrm.v19i2.8477 

32. Leclercq MG, Kruip MJ, Mac                              
Gillavry MR, Van Marwijk Kooy M, Büller 
HR. Observer variability in the            
assessment of clinical probability in 
patients with suspected pulmonary 
embolism. J Thromb Haemost. 2004;2 
(7):1204-1206.  

33. Testuz A, Le Gal G, Righini M, 
Bounameaux H, Perrier A. Influence of 
specific alternative diagnoses on the 
probability of pulmonary embolism. 
Thromb Haemost. 2006;95(6):958-962.  
DOI: 10.1160/TH06-02-0114 

34. Ministry of health, clinical practice 
guideline: Prevention and treatment of 
venous thromboembolism; 2013. 



 
 
 
 

Lai et al.; Asian Res. J. Gynaecol. Obst., vol. 7, no. 1, pp. 135-144, 2024; Article no.ARJGO.118458 
 
 

 
144 

 

35. (Kooiman J, Klok FA, Mos                               
IC, et al. Incidence and predictors of 
contrast-induced nephropathy following 
CT-angiography for clinically                      

suspected acute pulmonary                    
embolism. J Thromb Haemost. 2010;8(2): 
409-411.  
DOI:10.1111/j.1538-7836.2009.03698.x

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are 
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s). 
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions or products referred to in the content. 
_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/118458 

https://www.sdiarticle5.com/review-history/118458

