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Background: Pulmonary embolism (PE) is a potentially life-threatening condition associated 

with significant morbidity and mortality. Since its clinical presentation is often nonspecific, CT 

pulmonary angiography (CTPA) plays a key role in diagnosis and assessment of disease severity. 

Aim: To estimate the prevalence of acute PE in patients with acute chest symptoms and high 

clinical suspicion, assess pulmonary arterial obstruction using the Qanadli scoring index, 

evaluate CT markers of right ventricular dysfunction, and compare CTPA findings with plasma 

D-dimer levels. 

Methods: A cross-sectional study was conducted among 100 clinically suspected PE patients 

referred to the Department of Radiodiagnosis, Government Medical College, Thrissur, during 

2021–2022. CTPA was performed to identify pulmonary arterial thrombi and associated 

findings. Pulmonary artery obstruction was quantified using the Qanadli score, and CT 

parameters were assessed for right ventricular dysfunction. Data were analyzed using IBM SPSS 

version 25.0. 

Results: PE was detected in 33% of participants. The majority were aged ≥60 years (54%), with 

an equal male-to-female ratio. Among PE-positive patients, 60.6% had a pulmonary artery 

obstruction index (PAOI) ≤33%, while 39.3% had PAOI >33%. D-dimer was positive in 87.9% 

of PE patients. Deep venous thrombosis and post-COVID infection were reported in 69.6% 

and 57.5%, respectively. Cough and dyspnea were the most common symptoms. In patients 

with PAOI >33%, RV/LV ratio >1, PA/Ao ratio >1, and pulmonary trunk diameter >29 mm 

were each observed in 86.6%. The right lower lobe (75.7%) and segmental arteries (42.4%) 

were most frequently involved. 

Conclusion: CTPA effectively detects PE and provides important information regarding the 

site and severity of pulmonary arterial obstruction. The Qanadli score may be useful for 

severity assessment and risk stratification, while CT markers can aid in identifying right 

ventricular dysfunction. 

This article is licensed under a Creative Commons Attribution-Non-commercial 4.0 International License. 

Copyright © 2026 Author(s) retains the copyright of this article. 

 

INTRODUCTION 

Pulmonary embolism is the partial or complete occlusion of 

one or more central or peripheral pulmonary arteries by 

thrombi [1]. It is the third most common acute 

cardiovascular disease after myocardial infarction and 

stroke and results in thousands of deaths each year. Due to 

the nonspecific clinical presentation, PE is often referred to 

as the ‘great masquerader’ and therefore it remains a 

diagnostic challenge for clinicians and radiologists [2]. The 

global incidence of acute venous thrombo-embolism ranges 

between 23-69/100000 population/year. Untreated PE has a 

significant fatality rate of up to 30% of patients, however 

early identification and treatment still result in a mortality  

 

rate of 2–10%. Prompt diagnostic algorithm is needed to 

assist clinical assessment and optimize the use of diagnostic 

tests especially in an emergency setting [3,4]. The 

diagnostic evaluation of a patient with suspected PTE 

usually begins with the analysis of the pre-test probability 

and the standard D-dimer values. Such evaluations typically 

based on the two most validated clinical scoring systems-

the Wells score and the Geneva score. Diagnostic 

algorithms and guidelines based on clinical probability 

combined with D-dimer test and various imaging methods 

(echocardiography, ultrasonography of deep veins of the 

lower limb, invasive pulmonary angiography, ventilation 

perfusion scintigraphy, CTPA and Magnetic resonance 
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pulmonary angiography) support the correct diagnosis [5]. 

CTPA is the imaging modality of choice and has high 

sensitivity and specificity. It is readily available, minimally 

invasive and fast with scan duration in modern scanners of 

less than one second. Short scanning time reduces artifacts 

by cardiac and respiratory movements. The field of view of 

CTPA is not only limited to the pulmonary arteries but  can 

reveal other etiologies of chest pain and shortness of 

breath such as musculoskeletal injuries, pericardial 

abnormalities, pneumonia, vascular pathologies, and even 

coronary artery disease in some protocols [6]. Pulmonary 

embolism results in a rapid increase in pulmonary vascular 

resistance and can cause right ventricular dysfunction 

(RVD) and heart failure.  Patients with PE with RVD have a 

high mortality rate than those without RVD, hence rapid 

risk assessment is very important in selecting the 

appropriate treatment strategy in these patients who may 

benefit from either thrombolysis or embolectomy in 

addition to the routine anticoagulation therapy. CTPA 

includes the assessment of the heart and all its chambers; 

its prognostic value is enhanced by evaluation of the right 

ventricle [7, 8]. CT provides several parameters for 

estimating the severity of PE and risk-stratification, such as 

right heart strain, clot burden and lung perfusion. Features 

of right heart strain include-increased right ventricle 

(RV)/left ventricular (LV) diameter ratio (>1 in axial plane, 

>0.9 in 4-chamber reconstruction), flattening of inter-

ventricular septum and reflux of contrast material into the 

IVC and hepatic veins. RV/LV ratio >1.1 has been 

associated with increased risk of death within 30 days.  

Four-chamber RV/LV ratio >0.9, combined with high-

sensitivity-cardiac-troponin-I was associated with poor 

clinical outcome [6]. Quantification of pulmonary artery 

obstruction index using the Qanadli scoring system of 

Qanadli et al [9],  is an important parameter in assessing the 

severity of PE. To define the CT obstruction index, the 

arterial tree of each lung was regarded as having [10], 

segmental arteries (three to the upper lobes, two to the 

middle lobe and to the lingula, and five to the lower lobes). 

The presence of embolus in a segmental artery was scored 

as 1 point, and emboli in the most proximal arterial level 

were scored as a value equal to the number of segmental 

arteries arising distally. To provide additional information 

about the residual perfusion distal to the embolus, a 

weighting factor was assigned to each value, depending on 

the degree of vascular obstruction. This factor was equal to 

zero when no thrombus was observed; 1 when partially 

occlusive thrombus was observed and 2 with total 

occlusion. Thus, the maximal CT obstruction index was 40. 

Isolated sub segmental embolus was considered as a 

partially occluded segmental artery and was assigned a value 

of 1. The percentage of vascular obstruction was calculated 

by dividing the patient score by the maximal total score and 

by multiplying the result by 100. Therefore, the CT 

obstruction index can be expressed as: Σ (n⋅d) / 40. 100, 

where n is the value of the proximal thrombus in the 

pulmonary arterial tree equal to the number of segmental 

branches arising distally (minimum, 1; maximum, 20), and d 

is the degree of obstruction (minimum, 0; maximum, 2) [9]. 

The major studies found sensitivity and specificity of CTPA 

between 80 and 100 %. CTPA is considered gold standard 

for a large multi-center prospective investigation of 

pulmonary embolism diagnostic study [10].  CTPA has 

replaced V/Q scintigraphy and invasive pulmonary 

angiography as first line imaging tool in diagnosis of PE [11]. 

CTPA has established as the first imaging test because of its 

high negative predictive value for PE with high clinical 

probability or elevated D-dimer values. Hence CTPA is 

recommended in all patients with high clinical suspicion of 

PE except for some special situations that include 

pregnancy, known adverse reaction to contrast material 

and renal failure. This prospective study evaluates the role 

of CTPA in correlating pulmonary artery obstruction index 

using qanadli score, with RVD in patients with acute PE. 

 

MATERIALS AND METHODS 

 

STUDY SETTING 

Department of Radiodiagnosis, Govt. Medical College, 

Thrissur, Kerala, India 

 

 STUDY DESIGN  

Cross sectional study  

 

STUDY PERIOD 

One year from the date of obtaining ethical clearance. 

 

STUDY POPULATION  

Patients referred to Radiodiagnosis department of 

Government medical college, Thrissur with acute chest 

symptoms with or without risk factors and suspected to 

having acute pulmonary embolism.  

 

STUDY SUBJECTS 

Inclusion criteria 

Patients aged 18 to 80 years undergoing pulmonary 

angiography for suspected acute pulmonary embolism. 

Exclusion criteria 

 Patients who are not willing to participate in study 

 Patients diagnosed to have pulmonary embolism earlier 

who were on follow-up.  

 Patients with history of allergy to intravenous contrast 

agents. 

 Sub-optimal imaging study due to movement artifacts.  

 

SAMPLE SIZE CALCULATION 

Sample size (n) calculated by the formula 

N = 4PQ/d2 

Where 

P = prevalence (from previous study) [8]. 

Q = 100-p 

d= allowable error (5-20% of p) 

p = 50% and q = 50%, d = 20% of p :10 

hence, sample size will be 100 

 

SAMPLING PROCEDURE 

Data collected from patients referred to the Radiodiagnosis 

department for performing CT pulmonary angiography 

based on inclusion and exclusion criteria.  A brief history 

taken, and informed consent obtained from patients 

regarding willingness to participate in the study.  Socio 

demographic details were also recorded. All patients 

included in this study subjected to CTPA according to the 

institutional protocol using 16 slice Siemens MDCT 

scanner. Scanning done pre and post administration of 

contrast medium in all patients.  Scan range extended from 

the base to the apex of the lungs in the caudal to cranial 

direction during a single breath- hold.  Source images were 
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reformatted using maximum intensity projection. Source 

and reformatted images used to calculate CT vascular 

obstruction index, the right and left ventricular diameters, 

pulmonary arterial and ascending aortic diameters, 

interventricular septal morphology, identification of reflux 

of contrast medium in the inferior vena cava and hepatic 

veins and other significant findings. 

 
REFERENCE STANDARD 

CTPA is the gold standard for diagnosing pulmonary 

embolism  

 

STATISTICAL ANALYSIS  

Collected data analysed using Statistical Package for Social 

Sciences (IBM SPSS) version 25.0.  Sociodemographic 

variables and study variables were analysed as proportions 

or percentages for categorical variables (Descriptive 

statistics). To know the association between dependent and 

independent variable Chi square test and correlation test 

applied accordingly (Bivariate analysis). The p value <0.05 

considered as statistically significant. 

 
OBSERVATION AND RESULTS 

This study was conducted in the department of 

Radiodiagnosis, Govt. medical college, Thrissur during 2021 

to 2022 in 100 participants based on inclusion and 

exclusion criteria. 

Table-3: Distribution of Pulmonary Embolism of study 

participants 

Presence of Pulmonary 

Embolism 

Frequency 

(n=100) 

Percenta

ge 

Yes 33 33.0 

No 67 67.0 

Total                                                                        100% 

 
Figure 01: Pie diagram of Pulmonary Embolism 

 
Table 04: Age distribution of study participants 

Age Frequency Percentage 

<30 3 3.0 

30-39 8 8.0 

40-49 13 13.0 

50-59 22 22.0 

≥ 60 54 54.0 

Total 100 100.0 

 

 

In our study, 3 (3.0%) participants were in the age group of 

below 30 years, 8 (8.0%) were in the age group of 30-39 

years, 13 (13.0%) were in the age group of 40-49 years, 22 

(22.0%) were in the age group of 50-59 years and 54 

(54.0%) were in the age group of more than or equal to 60 

years. 

 
Figure 02: Simple bar diagram of Age 

Table 05: Age wise distribution of study subjects 

undergoing CTPA 

Age 

Pulmonary 

Embolism Tota

l 

χ2 

Value 

p 

Value Present Absent 

n % n % 

<30 0 0.0 3 4.5 3 

14.418 0.006 

30-

39 
1 3.0 7 

10.

4 
8 

40-

49 
0 0.0 

1

3 

19.

4 
13 

50-

59 

1

2 

36.

4 

1

0 

14.

9 
22 

≥ 60 
2

0 

60.

6 

3

4 

50.

7 
54 

 

 
Figure 03: Age wise distribution of study subjects undergoing 

CTPA. 

Table 06: Sex distribution of study participants 

Sex Frequency Percentage 

Male 50 50.0 

Female 50 50.0 

Total 100 100.0 
 

In our study, 50 (50.0%) participants were male and 50 

(50.0%) participants were female. 

 

 

 

 

 

33%

67%
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Figure 04: Pie diagram of sex distribution. 

Table 07: Association between Sex and Pulmonary 

Embolism 

Sex 

Pulmonary 

Embolism 
Tota

l 

χ2 

Value 

p 

Value 
Presen

t 
Absent 

n % n % 

Male 
2

6 

78.

8 

2

4 

35.

8 
50 

16.327 <0.001 
Femal

e 
7 

21.

2 

4

3 

64.

2 
50 

Pulmonary Embolism showed more in males 26 (78.8%) 

compared to females 7 (21.2%). The p-value revealed that 

gender was statistically significant with Pulmonary 

Embolism. 

 

 
Figure 05: Multiple bar diagram of Sex and PE 

 

Table 08: Degree and site of pulmonary obstruction as 

detected on CTPA in suspected pulmonary embolism 

patients. (N=100) 

Parameter CTPA findings (N=100) 

Degree of obstruction 

0 = no thrombus                                         67% 

1 = partial occlusion                                   30% 

2 = total occlusion                                        3% 

Site of obstruction (score denotes number of involved 

arteries) 

0 67 (67%) 

1 – 5 10 (10%) 

6 - 10 8 (8%) 

11 -20 15 (15%) 

0 score on thrombus and 0 involvement of segmental 

arteries denotes that pulmonary embolism is absent on 

CTPA. 

 
 

Table 09: Pulmonary artery obstruction index (quandli 

score) as detected by CTPA (N=33) 

Quandli score (0-40) ≈ 

PAOI (0% -100%) 
Number of patients 

≤ 13 ≈ ≤ 33% 20 (60.6%) 

14- 40 ≈ 34 – 100% 13(39.3%) 

Total 33 (100%) 

 

Table-10: Comparison of PAOI value with right ventricular 

dysfunction 

RV

D 
N 

PAOI Mann-

Whitn

ey U 

Value 

p 

Value 
Mea

n 
SD 

Median 

(IQR) 

> 1 
1

9 

44.4

7 

15.2

7 
45 (30-50) 

8.00 <0.001 

≤ 1 
1

4 

11.6

1 
8.63 

7.5 (5.0-

16.25) 

 

 
Fig 06: Box-plot for comparison of RVD and POAI 

 
Figure 07: ROC curve for PAOI and Right Ventricular 

Dysfunction (RVD). 

ROC curve was constructed to establish the cut off value 

for the POAI which was 33 with area under the curve of 

0.970. Sensitivity was 78.9%, specificity was 100.0%, Positive 

Predictive Value was 100.0 and Negative Predictive Value 

was 77.8%. 

Table 11: Association between D Dimer and Pulmonary 

Embolism 

D Dimer 

Cut off 

:(0.5µg/ml

) 

Pulmonary 

Embolism 
Tot

al 

χ2 

Value 

p 

Valu

e 

Prese

nt 

Absen

t 

n % n % 

Positive/pre

sent 

2

9 

87.

9 

3

8 

56.

7 
67 9.711 0.002 

50%50%
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Negative/ab

sent 
4 

12.

1 

2

9 

43.

3 
33 

 

Pulmonary Embolism showed more in D-dmer participants 

29 (87.9%) compared to normal 4 (12.1%). The p value 

revealed that D-dimer value was statistically associated with 

Pulmonary Embolism (p=0.002). 

 

 
Figure 08: Multiple bar diagram of D-dimer and PE 

 

Table 12:  CTPA findings and their association with 

pulmonary artery obstruction index (N=33) 

CTPA 

Findings 

PAOI 

p 

Value 

>33 ≤ 33 

n=1

5 
% 

n=1

8 
% 

RvD/LvDd> 1 13 
86. 

6% 
4 

22.2

% 
0.00 

PaD/AoD> 1 13 
86.6

% 
4 

22.2

% 
0.00 

PtD> 29 mm 13 
86.6

% 
3 

16.6

% 
0.00 

IVS bowing 8 
53.3

% 
0 0 0.00 

IVC Reflux 

present 
7 

21.2

% 
0 0 0.009 

 

 
Figure 09: Bar diagram showing CTPA findings and their 

association with pulmonary artery obstruction index. 

Table 13: Association of Clinical Findings with PAOI 

Clinical 

Findings 

PAOI 

χ2 

Value 

p 

Valu

e 

>33 ≤33 

n=1

5 
% 

n=

18 
% 

Dyspnea 15 
100

.0 
18 

100

.0 
NA NA 

Cough 15 
100

.0 
16 

88.

9 
0.359 0.183 

Chest Pain 11 
73.

3 
13 

72.

2 
0.005 0.943 

Fever 5 
33.

3 
4 

22.

2 
0.103 0.748 

Lower limb 

odema 
3 

20.

0 
8 

44.

4 
2.200 0.138 

 

Common clinical features in acute chest symptoms like 

dyspnoea, cough, chest pain, fever and lower limb oedema 

were analysed. None of the clinical findings were not 

statistically associated with PAOI. 

 
Fig 10: Percentage subdivided bar diagram of Clinical 

Findings and PAOI 

 

Table-14: Association of Risk Factors with PAOI 

Risk Factors 

PAOI 
χ2 

Valu

e 

p 

Valu

e 

>33 ≤34 

n=

15 
% 

n=

18 
% 

DVT 12 
80

.0 
11 

61

.1 
1.382 0.240 

Recent 

trauma/surgery 
7 

46

.7 
4 

22

.2 
2.200 0.138 

Cancer 2 
13

.3 
2 

11

.1 
0.000 1.000 

Diabetic 

Mellitus 
6 

40

.0 
8 

44

.4 
0.000 1.000 

Hypertension 8 
53

.3 
9 

50

.0 
0.000 1.000 

Post Covid 8 
53

.3 
11 

61

.1 
0.009 0.923 

Coronary 

Artery Disease 
3 

20

.0 
4 

22

.2 
0.000 1.000 

 

Considering the common risk factors in acute chest 

symptoms - DVT, recent trauma/surgery, cancer, diabetic 
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mellitus, hypertension, post covid and coronary artery 

disease were analysed. None of the risk factors were 

statistically associated with PAOI. 

 

 
Figure 11: Percentage subdivided bar diagram of Risk 

Factors and PAOI 

 

Table 15: Distribution of risk factors in pulmonary 

embolism positive patients 

Risk factors 
PE positive 

cases 
Percentage 

DVT 23 69.6% 

Recent 

trauma/surgery 
10 30.3% 

cancer 4 12.1% 

Diabetes mellitus 14 42.4% 

Hypertension 17 51.5% 

Post covid 19 57.5% 

Coronary artery 

disease 
7 21.2% 

 

 
Figure 11: Distribution of risk factors in pulmonary 

embolism positive patients 

 

Table 16: Distribution of Lung Involved of study participants 

Lung Involved Frequency Percentage 

Right 15 45.5 

Left 4 12.1 

Both 14 42.4 

Total 33 100.0 

 

In our study, 33 (33.0%) participants had lung involvement. 

Among these 15 (45.5%) participants were right lung 

involved, 4 (12.1%) were left and 14 (42.4%) were right and 

left lung involved. 

 
Figure 12: Pie diagram of Lung Involved 

Table 17: Distribution of Involved Pulmonary Artery of 

study participants 

Involved Pulmonary 

Artery 

Frequenc

y (n=33) 

Percentag

e 

Right Pulmonary Artery 11 33.4 

Left Pulmonary Artery 12 36.4 

Lobar Artery 1 3.0 

Segmental Artery 14 42.4 

Subsegmental 6 18.1 

 

Out of 33 participants with pulmonary artery involvement, 

11 (33.4%) were right pulmonary artery, 12 (36.4%) were 

left pulmonary artery, 1 (3.0%) were lobar artery, 

14(42.4%) were segmental artery and 16 (18.1%) were sub 

segmental artery. 

 
Fig 13: Distribution of Involved Pulmonary Artery of study 

participants 
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Table 18: Distribution of Lobes involved of study 

participants 

Lobes Involved 
Frequency 

(n=33) 
Percentage 

Right Upper Lobe 13 39.3% 

Right Middle Lobe 16 48.4% 

Right Lower Lobe 25 75.7% 

Left Upper Lobe 17 51.5% 

Left Lower Lobe 17 51.5% 

 

Out of 33 participants with involvement of lobes, 13 

(39.3%) were right upper lobe involvement, 16 (48.4%) 

were right middle lobe, 25 (75.7%) were right lower lobe, 

17(51.5%) were left lower lobe and 17 (51.5%) were left 

lower lobe involvement. 

 

 
Figure 14: Distribution of Lobes Involved 

 

Table 19: Chest radiograph findings and their association 

with presence or absence of pulmonary embolism 

Chest radiograph 

findings. 

Pulmonary embolism 

Present Absent 

n=33 % n=67 % 

Normal 6 18.1% 35 52.2% 

Pleural effusion 16 48.4% 16 48.4% 

cardiomegaly 7 21.2% 15 22.3% 

bronchopneumonia 1 3% 1 1.5% 

Parenchymal 

opacities 
18 54.5% 10 14.9% 

 
Fig 15:  Bar diagram showing chest radiograph findings and 

their association with presence or absence of PE. 

 

Table 20: CT findings and their association between 

absence or presence of pulmonary embolism 

CT Findings 

Pulmonary embolism 

Present Absent 

n=33 % n=67 % 

Normal 2 6% 33 49.2% 

Cardiomegaly 12 36.3% 13 19.4% 

Pleural effusion 17 51.5% 24 35.8% 

Pericardial Effusion 14 42.4% 6 8.9% 

parenchymal 

Opacities 
30 90.9% 14 20.8% 

Enlarged Mediastinal 

Lymph nodes 
0 0.0 4 5.9% 

 

 
Figure 16:  Bar diagram showing CT findings and their 

association with presence or absence of PE. 

 

Table 21: Incidental vascular findings and their association 

with PAOI 

Variable

s 

PAOI 
χ2 

Valu

e 

p 

Value 

>33 ≤33 

n=1

5 
% 

n=1

8 
% 

DPA 11 
73.

3 
4 

22.

2 
6.683 0.010 

CAL-

vessels 
4 

26.

7 
5 

27.

8 
0.000 1.000 

 

Dilated pulmonary artery showed 73.0% (11/15) in 

pulmonary artery obstruction index value more than 33 

and 22.2% (4/18) in less than or equal to 33. The p value 

revealed that PAOI statistically associated with Dilated 

pulmonary artery. Calcification of aorta and coronary 

arteries showed only 26.7% (4/15) in pulmonary artery 

obstruction index value more than 33 and 27.8% (5/18) in 

less than or equal to 33. The p value revealed that PAOI 

statistically not associated with Calcification of aorta and 

coronary arteries. 

 
Figure 17: Multiple bar diagram of Incidental vascular 

findings with PAOI 
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DISCUSSION 

The present study is a cross sectional study to evaluate 

suspected pulmonary embolism cases using multidetector 

computed tomographic pulmonary angiography (CTPA). 

Early detection of pulmonary embolism is necessary to 

reduce the mortality and morbidity. The objectives were to 

find out the prevalence of pulmonary embolism and to 

compare the findings of CTPA with d-dimer assays, to find 

out the associations of CTPA findings with pulmonary 

artery obstruction index (PAOI) using quandli score. The 

severity of PE is established using pulmonary artery 

obstruction index using quandli score and associated 

parameters were assessed using appropriate statistical 

tools. A total of 100 suspected cases (Table 03) of PE cases 

were included in the study as per the inclusion criteria. 

CTPA reported that 33 (33%) of them were positive for 

pulmonary embolus while remaining 67 (67%) were 

negative for embolus. In a study conducted by Nduta et 

al67, 27% were found to have embolus on multidetector 

computed pulmonary angiography. Burkill GJ et al68 

showed that CTPA was positive for 28 out of 101 patients. 

Quandlisd et al 69 performed CTPA on 158 patients and 

out of which 54 (34%) were proven to have pulmonary 

embolism. In a similar study done by Attia NM et al8, 

among 70 suspected case 35 (50%) patients were positive 

for pulmonary embolism. Thus, the prevalence rate of 

pulmonary embolism in our study (33%) is comparable to 

previous studies in literature. Our study group was divided 

in to 5 age groups, < 30years, 30-39, 40-49, 50-59 and >60 

years (Table 04 & 05). It was observed that majority of 

patients with suspected pulmonary embolism were found in 

elderly more than 60 years of age (60%). Majority of 

pulmonary embolism negative patients also belongs to age 

more than 60 years. None of the patients of age less than 

30 years and between 40 to 49 years were positive for 

pulmonary embolism. While age group 30 to 39 constitutes 

1 (5%) patient, 50 to 59 age group constitutes 12 patients 

(36.4%). This data was comparable with the studies 

conducted by Nduta et al [67], Rodrigues B et al [70], Hefeda 

et al [71], Kang DK et al [72]   and Ahmed DS et al [73]. Out 

of 100 patients in our study, male to female ratio was 1:1 

(Table 6 & 7). But the proportion of pulmonary embolism 

positive cases were higher in males 26 (78.8%) compared to 

females 7(21.2%). Thus, male to female ratio in PE positive 

and negative patients was found to be 3.7:1 and 0.55:1 

respectively, showing significant statistical association of 

male gender with pulmonary embolism. We could find 

similar results in literature also. A study done by Kang DK 

et al showed that majority of PE positive cases were males 

(53%). Similar observations were made in study done by 

Hefeda MM et al [71] also where most of PE positive cases 

were males (65%). In contrast, Nduta et al [67] reported a 

female predominance in male to female ratio in PE positive 

and PE negative patients (1:2 and 1:2.1 respectively). Other 

studies done by Rodrigues et al [70], (63%), Ahmad et al 

(57%) [73], selimoglusen H et al 74 (60%) also shows female 

predominance in pulmonary embolism positive cases. Of 

total 100 patients on whom CTPA was performed, 67% 

showed no signs of occlusion and hence graded as score 0, 

while 30% showed partial occlusion graded as score 1 and 

3% showed total occlusion (Table 8) graded as score 2. 

Based on number of arteries involved 67% scored 0, 10% 

scored between 1-5, 8% scored between 6-10 and majority 

that is 15% positive for pulmonary embolism scored 

between 11-20. Hence a zero score on occlusion and non-

involvement of arteries denote absence of pulmonary 

embolism on CTPA. 

The use of quandli score to determine pulmonary artery 

obstruction index (PAOI) is shown. An optimal cut off 

value of 13 for qanadli score which is equivalent to 33% of 

PAOI was established after constructing an ROC curve. 

The sensitivity and specificity values were 78.9% and 100% 

respectively. Thus total of 33 PE positive patients were 

divided into two groups; one group of PAOI ≤ 33% (n=20, 

60.6%) and other group of PAOI between 33%-100% 

(n=13,39.3%). 

Different studies done to evaluate pulmonary embolism by 

CTPA have used different cut off for Quandli score or 

PAOI. Studies conducted by Rodrigues B et al [70], and 

Hefeda MM et al [71], had established a cut off value of 18 

for Quandli score based on ROC curve which corresponds 

to 45% PAOI. Attia NM et al [8], constructed ROC curve to 

establish cut off value of 43% for PAOI. Similarly, the cut off 

value kept by Selimoglusen H et al [74] and Mehmet Burak 

Cildag et al [75] was 38.5% and 23.75% respectively in their 

studies. In our study cut off value was 33%. 

 

In our study, the most common presenting symptoms were 

dyspnea 100% followed by cough in 80%, chest pain in 36%, 

lower limb edema in 26% and fever in 18% (Table 13).  

Comparing the clinical presentations of the patients in two 

PAOI group, equal prevalence of dyspnoea were seen in 

both the groups. There was a higher prevalence of cough, 

chest pain and fever in PAOI >33-100% group. All the 

observed differences were found to be statistically 

insignificant.  As per study conducted by Qiao-ying ji et al76 

dyspnea (64.1%) and cough (60.4%) were the most 

common clinical presentations in patients presented with 

pulmonary embolism which was similar to our study. Nduta 

DW et al67 also reported that commonest clinical 

presentation of patients referred for CTPA was dyspnea 

(100%) , followed by chest pain (27%) and cough (13%) , 

however there was no significant association with 

pulmonary embolism status.  

Considering the prevalence of risk factors, 69.6% of 

patients with pulmonary embolism had deep vein 

thrombosis followed by post covid history 57.5% and 

hypertension 51.5% (Table 14 & 15). Prevalence of risk 

factors like diabetes, hypertension, post covid, coronary 

artery disease etc were slightly higher in PAOI <33% group 

whereas others like DVT, recent surgical history and 

trauma were slightly higher in PAOI >33%. But the 

differences were statistically not significant. Rodrigues B et 

al70 also reported that no significant association exists 

between the clinical presentation at admission and QS 

score. The majority of risk variables were more prevalent 

in the QS>18 group, according to the same study, however 

this finding lacked statistical significance.  

In our study, 67 patients (67%) were positive for D-dimer 

assays and remaining 33% were negative for the same. 29 

cases (87.9 %) of PE positive had a positive D-dimer assays. 

4% of PE positive cases were negative for pulmonary 

embolism.  However, 38% of D-dimer positive cases were 

negative for pulmonary embolism. As a result, D-dimer 

assay has an 87.8% negative predictive value. Consequently, 

statistical evidence links the D-dimer readings to pulmonary 

embolism. As per study conducted by Hui Gao et [77], al D-

dimer values were significantly higher in patients positive 
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for PE on CTPA. Similar study done by Mateuzs Piotr kubak 

et al [78], showed that elevated D-dimer cut-off achieved 

high sensitivity and NPV and reducing the number of CTPA 

by 27%. In contrast to these study findings, Leila Salehi et al 

[79], showed that D -dimer values have no statistically 

significant association. Also, many studies have shown that 

D-dimer specificity and growing older have an antagonistic 

relationship. Therefore, the performance of D-dimer assay 

could be enhanced by excluding older patients in suspected 

pulmonary embolism. 

Association between CTPA findings for ventricular 

dysfunction and PAOI is presented in table -12. It was 

observed that in PAOI ≤33% group; the proportion of ratio 

of right ventricular diameter to left ventricular diameter 

(Rvd/Lvd), ratio of pulmonary artery diameter aorta 

diameter (Pad/Aod), and pulmonary trunk diameter 

(Ptd>29mm) was 22.2%, 22.2% and 16.6% each. While in 

PAOI >33-100% group, the proportion of cases with 

Rvd/Lvd>1, Pad/Aod>1, and Ptd>29mm was found to be 

86.6% in each. The proportion of interventricular septal 

bowing towards the left ventricle (IVS bowing) and inferior 

vena cava reflux in PAOI> 33-100% group was 53.3% and 

21.2% respectively, whereas the proportion of same in 

PAOI≤ 33% was 0% each. Statistical analysis confirmed that 

proportion of Rvd/Lvd>1, Pad/Aod>1, Ptd>29mm and IVS 

bowing was significantly increases with increase in PAOI. 

A ratio of right ventricle to left ventricular diameter greater 

than 1 which is an indication of right ventricular strain due 

to pulmonary hypertension attributable to PE. CTPA 

results in a study conducted by Rodrigues B et al70 showed 

significantly higher Rvd/Lvd ratio, IVS bowing and IVC reflux 

in QS>18 ;whereas PA diameter and PaD/AoD ratio was 

almost similar to QS>18 and QS<18 groups. Another study 

done by Hefeda MM et al [71], reported that Rvd/Lvd ratio 

was significantly higher in Qs>18 group while PaD/AoD 

ratio was non-significantly higher in QS>18 group. In a 

study conducted by Attia NM et al [8], mean PAOI was 

significantly higher with increasing Rvd/Lvd ratio and with 

increasing pulmonary artery diameter. 

Lim et al [80], found a RvD/LvD ratio of greater than 1 

measured on axial sections indicative of RV strain on 

CTPA. Reflux of contrast into IVC is an indirect sign of 

tricuspid valve insufficiency, frequently observed in right 

heart failure. Nevertheless, collombet et al [81], found that 

this sign is not different from patients with severe and non-

severe PE patients. The interventricular septum, which 

bows towards the RV, may shift towards LV related to 

increased right heart pressure in case of severe pulmonary 

arterial obstruction. Septal bowing is not specific for acute 

PE and can be found in numerous disorders resulting in 

increased pulmonary artery pressure. 

Our study revealed that out of 33 PE positive patients, 

15(45.5%) participants had right lung involvement, 4(12.1%) 

had left lung involvement and 14(42.4%) were having both 

lungs involved (Table 16). Out of lung lobes affected, 

maximum involvement was noted in right lower lobe-25 

cases (75.7%) whereas least involved lobe was right upper 

lobe 13 cases (39.3%). Similarly, Ghazi Alshumrani et al [52], 

also showed that right lower lobe is more affected area 

(55%) and left upper lobe is least affected one (41%). Jianpu 

Chen et al82 showed that more involved lobe is right lower 

lobe (70%) and less involved is right middle lobe (20%). In 

our study, PE was more localized in the segmental 

pulmonary artery (42.4%) followed by left main pulmonary 

artery (36.4), and then right pulmonary artery (33.3%). 

Least involved was lobar artery (3%) (Table 17).  As per 

study conducted by Supikakristaneepaiboon et al [59], 

pulmonary embolism was localized more in lobar 

pulmonary artery (39%), and less in sub segmental artery 

(16%) which is contrast to this study. In a study conducted 

by Ghazi alshumrani et al [52], more common involved 

artery is segmental branches (86%). 

Table 19 describes the chest radiograph and their 

association with PE positive and negative cases. The 

proportion of cases with pleural effusion and 

bronchopneumonia were almost similar in pulmonary 

embolism positive and negative cases (48.4%). Prevalence of 

parenchymal opacities was higher in PE positive cases 

(54.5%). However, all the observed differences were found 

to be statistically not significant.  

Table 20 describes the CT findings and their association 

with presence or absence of pulmonary embolism. The 

prevalence of parenchymal opacities (90.9%), pleural 

effusion (51.5%), pericardial effusion (42.4%) and 

cardiomegaly (36.3%) were higher in PE positive cases. 

However, all the observed differences were found to be 

statistically not significant.  

Incidental vascular findings in both PAOI groups is shown in 

Table 21. Cases with dilated pulmonary artery (73.3%) 

were more in PAOI>33-100% group whereas only 22.2% 

cases in group ≤ 33% showed dilated pulmonary artery. 

PAOI was found to be statistically associated with dilated 

pulmonary artery whereas its association with calcification 

of aorta and coronary arteries were found to be 

insignificant. Most frequent vascular abnormalities according 

to  Ahmad Ds et al [73], were calcifications of major vessels 

and dilatation of pulmonary trunk. Pulmonary artery 

dilatation often indicates pulmonary arterial hypertension. 

 

CONCLUSION 

Computed tomographic pulmonary angiography (CTPA) is 

the imaging modality of choice for the diagnosis of 

pulmonary embolism. Aim of present study was to assess 

the suspected PE patients with CTPA and determine 

whether there was any correlation between CTPA findings, 

laboratory results and clinical presentation with pulmonary 

artery obstruction index. PAOI can be considered as a fast 

and promising parameter for risk assessment in patients 

with pulmonary embolism. In this study a cut off value of 

33% was obtained and was set for risk stratification and 

comparing with other parameters. Evidence of right 

ventricular strain in PE is evidenced by increased right 

ventricular to left ventricular diameter ratio (>1) on CTPA 

which was significantly associated with PAOI. In this study, 

CTPA also hoped to offer the advantage of delineating 

other vascular findings besides PE that might explains the 

patient presentation. Presence or absence of pulmonary 

embolism was not statistically associated with other 

positive chest radiograph findings and CT findings.  

Presence of pulmonary embolism was higher in patients 

having risk factors like deep venous thrombosis and post 

covid history.  Presence of pulmonary embolism was higher 

in patients positive for D-dimer values. Hence a D-dimer 

assay can be the most usefully employed investigation in 

avoidance of further investigations. When the pretest 

probability of a PE is high based on history, clinical 

examination and cardiorespiratory measurements, a 

positive D-dimer may suggest the possibility of pulmonary 
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embolism especially in patients in whom CTPA is 

contraindicated.  

To conclude risk stratification of patients with PE is 

important because optimal management, monitoring and 

therapeutic strategies depend on the prognosis. 

Accordingly pulmonary artery obstruction index (PAOI) 

based on Qanadli score could be used to grade the severity 

of pulmonary embolism and to monitor patients requiring 

an objective repeated evaluation. With greater education of 

clinicians in this radiological system of scoring, rapid 

assessment for diagnosis, clinical risk evaluation and 

prognosis may be possible in emergency services. 

 

FUNDING 

Nil 

 

AUTHOR CONTRIBUTION 

All authors are contributed equally. 

 

CONFLICT OF INTEREST 

Not Declared 

 

ACKNOWLEDGEMNET 

Not Declared 

 

REFERENCES 

1. Goodman LR. Small pulmonary emboli: what do we 

know?. Radiology. 2005 Mar;234(3):654-8. 

2. Gantner J, Keffeler JE, Derr C. Pulmonary embolism: 

An abdominal pain masquerader. Journal of 

Emergencies, Trauma, and Shock. 2013 Oct;6(4):280. 

3. van der Hulle T, den Exter PL, Mos IC, Kamphuisen 

PW, Hovens MM, Kruip MJ, van Es J, Ten Cate H, 

Huisman MV, Klok FA. Optimization of the diagnostic 

management of clinically suspected pulmonary 

embolism in hospitalized patients. British journal of 

haematology. 2014 Dec;167(5):681-6. 

4. Goekoop RJ, Steeghs N, Niessen RW, Jonkers GJ, Dik 

H, Castel A, Werker-van Gelder L, Vlasveld TL, van 

Klink RC, Planken EV, Huisman MV. Simple and safe 

exclusion of pulmonary embolism in outpatients using 

quantitative D-dimer and Wells’ simplified decision 

rule. Thrombosis and haemostasis. 2007;97(01):146-50. 

5. Megyeri B, Christe A, Schindera ST, Horkay E, Sikula J, 

Cullmann JL, Kollar J, Heverhagen JT, Szucs-Farkas Z. 

Diagnostic confidence and image quality of CT 

pulmonary angiography at 100 kVp in overweight and 

obese patients. Clinical radiology. 2015 Jan 1;70(1):54-

61. 

6. Moore AJ, Wachsmann J, Chamarthy MR, Panjikaran L, 

Tanabe Y, Rajiah P. Imaging of acute pulmonary 

embolism: an update. Cardiovascular diagnosis and 

therapy. 2018 Jun;8(3):225. 

7. Apfaltrer P, Henzler T, Meyer M, Roeger S, Haghi D, 

Gruettner J, Süselbeck T, Wilson RB, Schoepf UJ, 

Schoenberg SO, Fink C. Correlation of CT 

angiographic pulmonary artery obstruction scores with 

right ventricular dysfunction and clinical outcome in 

patients with acute pulmonary embolism. European 

journal of radiology. 2012 Oct 1;81(10):2867-71. 

8. Attia NM, Seifeldein GS, Hasan AA, Hasan A. 

Evaluation of acute pulmonary embolism by sixty-four 

slice multidetector CT angiography: Correlation 

between obstruction index, right ventricular 

dysfunction and clinical presentation. The Egyptian 

Journal of Radiology and Nuclear Medicine. 2015 Mar 

1; 46(1):25-32. 

9. Qanadli SD, El Hajjam M, Vieillard-Baron A, Joseph T, 

Mesurolle B, Oliva VL, Barré O, Bruckert F, Dubourg 

O, Lacombe P. New CT index to quantify arterial 

obstruction in pulmonary embolism: comparison with 

angiographic index and echocardiography. American 

Journal of Roentgen ology. 2001 Jun;176(6):1415-20. 

10. Dalen JE. New PIOPED recommendations for the 

diagnosis of pulmonary embolism. The American 

Journal of Medicine. 2006 Dec 1;119(12):1001-2. 

11. Jiménez D, Aujesky D, Moores L, Gómez V, Lobo JL, 

Uresandi F, Otero R, Monreal M, Muriel A, Yusen RD. 

Simplification of the pulmonary embolism severity 

index for prognostication in patients with acute 

symptomatic pulmonary embolism. Archives of internal 

medicine. 2010 Aug 9;170(15):1383-9. 

12. Kandathil A, Chamarthy M. Pulmonary vascular 

anatomy & anatomical variants. Cardiovascular 

diagnosis and therapy. 2018 Jun;8(3):201. 

13. Kabir NA, Harvey SB, Rosenfeld A. Design and 

fabrication of pulmonary embolism phantom for planar 

and SPECT V/Q imaging quality assurance. Australasian 

physical & engineering sciences in medicine. 2010 

Sep;33(3):271-7. 

14. Riedel M. Acute pulmonary embolism 1: 

pathophysiology, clinical presentation, and diagnosis. 

Heart. 2001 Feb 1;85(2):229-40. 

15. Alikhan R, Cohen AT, Combe S, Samama MM, 

Desjardins L, Eldor A, Janbon C, Leizorovicz A, Olsson 

CG, Turpie AG. Risk factors for venous 

thromboembolism in hospitalized patients with acute 

medical illness: analysis of the MEDENOX Study. 

Archives of internal medicine. 2004 May 10;164(9):963-

8. 

16. Spyropoulos AC, Anderson Jr FA, FitzGerald G, 

Decousus H, Pini M, Chong BH, Zotz RB, Bergmann JF, 

Tapson V, Froehlich JB, Monreal M. Predictive and 

associative models to identify hospitalized medical 

patients at risk for VTE. Chest. 2011 Sep 1;140(3):706-

14. 

17. Kearon C, Ginsberg JS, Anderson DR, Kovacs MJ, 

Wells P, Julian JA, Mackinnon B, Demers C, Douketis J, 

Turpie AG, Van Nguyen P. Comparison of 1 month 

with 3 months of anticoagulation for a first episode of 

venous thromboembolism associated with a transient 

risk factor. Journal of Thrombosis and Haemostasis. 

2004 May;2(5):743-9. 

18. Cove CL, Albert CM, Andreotti F, Badimon L, Van 

Gelder IC, Hylek EM. Female sex as an independent 

risk factor for stroke in atrial fibrillation: possible 

mechanisms. Thrombosis and haemostasis. 2014 

Jul;112(03):385-91. 

19. Kostadima E, Zakynthinos E. Pulmonary embolism: 

pathophysiology, diagnosis, treatment. Hellenic J 

Cardiol. 2007 Mar 1;48(2):94-107. 

20. Sitani K, Verma P, Rao RD, Chandak A, Asopa RV. 

Pulmonary embolism as post-COVID-19 sequelae: Role 

of lung perfusion scintigraphy. Indian Journal of Nuclear 

Medicine. 2021 Oct 1;36(4). 

21. Touré A, Donamou J, Camara AY, Dramé BA, BAH 

OA. Post-COVID-19 late pulmonary embolism in a 

young woman about a case. Open Journal of 



[52] 

Sukaina BA, et al., World J Curr Med Pharm Res. 2026; 8(3): 42-54 
                      

 

Emergency Medicine. 2020 Nov 18;8(4):79-85. 

22. Goldhaber SZ, Elliott CG. Acute pulmonary embolism: 

part I: epidemiology, pathophysiology, and diagnosis. 

Circulation. 2003 Dec 2;108(22):2726-9. 

23. Subotich D, Mandarich D, Milisavljevich M, Filipovich B, 

Nikolich V. Variations of pulmonary vessels: some 

practical implications for lung resections. Clinical 

Anatomy. 2009 Sep;22(6):698-705. 

24. Perrier A. Noninvasive diagnosis of pulmonary 

embolism. Haematologica. 1997 Jan 1;82(3):328-31. 

25. Heit JA, Spencer FA, White RH. The epidemiology of 

venous thromboembolism. Journal of thrombosis and 

thrombolysis. 2016 Jan;41(1):3-14. 

26. Bĕlohlávek J, Dytrych V, Linhart A. Pulmonary 

embolism, part I: Epidemiology, risk factors and risk 

stratification, pathophysiology, clinical presentation, 

diagnosis and nonthrombotic pulmonary embolism. 

Experimental & Clinical Cardiology. 2013;18(2):129. 

27. Kearon C, Hirsh J. The diagnosis of pulmonary 

embolism. Pathophysiology of Haemostasis and 

Thrombosis. 1995;25(1-2):72-87. 

28. Celi A, Marconi L, Villari L, Palla A. The diagnosis of 

pulmonary embolism. Monaldi Archives for Chest 

Disease. 2009;71(2). 

29. Kline JA, Courtney DM, Kabrhel C, Moore CL, 

Smithline HA, Plewa MC, Richman PB, O'neil BJ, 

Nordenholz K. Prospective multicenter evaluation of 

the pulmonary embolism rule‐out criteria. Journal of 

Thrombosis and Haemostasis. 2008 May;6(5):772-80. 

30. McGinn S, White PD. Acute cor pulmonale resulting 

from pulmonary embolism: its clinical recognition. 

Journal of the American Medical Association. 1935 Apr 

27;104(17):1473-80. 

31. Bosson JL, Barro C, Satger B, Carpentier PH, Polack B, 

Pernod G. Quantitative high D‐dimer value is 

predictive of pulmonary embolism occurrence 

independently of clinical score in a well‐defined low 

risk factor population. Journal of Thrombosis and 

Haemostasis. 2005 Jan;3(1):93-9. 

32. Corrigan D, Prucnal C, Kabrhel C. Pulmonary 

embolism: the diagnosis, risk-stratification, treatment 

and disposition of emergency department patients. 

Clinical and experimental emergency medicine. 2016 

Sep;3(3):117. 

33. Alhassan S, Sayf AA, Arsene C, Krayem H. Suboptimal 

implementation of diagnostic algorithms and overuse of 

computed tomography-pulmonary angiography in 

patients with suspected pulmonary embolism. Annals of 

thoracic medicine. 2016 Oct;11(4):254. 

34. Stein PD, Goldhaber SZ, Henry JW, Miller AC. Arterial 

blood gas analysis in the assessment of suspected acute 

pulmonary embolism. Chest. 1996 Jan 1;109(1):78-81. 

35. Ranasinghe AM, Bonser RS. Biomarkers in acute aortic 

dissection and other aortic syndromes. Journal of the 

American College of Cardiology. 2010 Nov 

2;56(19):1535-41. 

36. Perrier A, Desmarais S, Goehring C, de MOERLOOSE 

PH, Morabia A, Unger PF, Slosman D, Junod A, 

Bounameaux H. D-dimer testing for suspected 

pulmonary embolism in outpatients. American journal 

of respiratory and critical care medicine. 1997 Aug 

1;156(2):492-6. 

37. Perrier A, Bounameaux H, Morabia A, de Moerloose P, 

Slosman D, Didier D, Unger PF, Junod A. Diagnosis of 

pulmonary embolism by a decision analysis-based 

strategy including clinical probability, D-dimer levels, 

and ultrasonography: a management study. Archives of 

Internal Medicine. 1996 Mar 11;156(5):531-6. 

38. Fu Z, Zhuang X, He Y, Huang H, Guo W. The 

diagnostic value of D-dimer with simplified Geneva 

score (SGS) pre-test in the diagnosis of pulmonary 

embolism (PE). Journal of cardiothoracic surgery. 2020 

Dec;15(1):1-7. 

39. Rathbun SW, Whitsett TL, Vesely SK, Raskob GE. 

Clinical utility of D-dimer in patients with suspected 

pulmonary embolism and nondiagnostic lung scans or 

negative CT findings. Chest. 2004 Mar 1;125(3):851-5. 

40. Stein PD, Dalen JE, McIntyre KM, Sasahara AA, 

Wenger NK, Willis III PW. The electrocardiogram in 

acute pulmonary embolism. Progress in cardiovascular 

diseases. 1975 Jan 1;17(4):247-57. 

41. Lee JH, Park JH. Role of echocardiography in patients 

with acute pulmonary thromboembolism. Journal of 

Cardiovascular Ultrasound. 2008 Mar 16;16(1):9-16. 

42. Kurnicka K, Lichodziejewska B, Goliszek S, Dzikowska-

Diduch O, Zdończyk O, Kozłowska M, Kostrubiec M, 

Ciurzyński M, Palczewski P, Grudzka K, Krupa M. 

Echocardiographic pattern of acute pulmonary 

embolism: analysis of 511 consecutive patients. Journal 

of the American Society of Echocardiography. 2016 Sep 

1;29(9):907-13. 

43. Sostman HD, Miniati M, Gottschalk A, Matta F, Stein 

PD, Pistolesi M. Sensitivity and specificity of perfusion 

scintigraphy combined with chest radiography for acute 

pulmonary embolism in PIOPED II. Journal of Nuclear 

Medicine. 2008 Nov 1;49(11):1741-8. 

44. Sreenivasan S, Bennett S, Parfitt VJ. Westermark's and 

Palla's signs in acute pulmonary embolism. Circulation. 

2007 Feb 27;115(8):e211. 

45. Mirza H, Hashmi MF. Lung Ventilation Perfusion Scan 

(VQ Scan). 

46. Sostman HD, Stein PD, Gottschalk A, Matta F, Hull R, 

Goodman L. Acute pulmonary embolism: sensitivity 

and specificity of ventilation-perfusion scintigraphy in 

PIOPED II study. Radiology. 2008 Mar;246(3):941-6. 

47. Anderson DR, Barnes DC. Computerized tomographic 

pulmonary angiography versus ventilation perfusion 

lung scanning for the diagnosis of pulmonary embolism. 

Current opinion in pulmonary medicine. 2009 Sep 

1;15(5):425-9. 

48. Miller JC, Wittram C, Shepard JO, Scott JA, Thrall JH, 

Lee SI. Diagnosis of pulmonary embolism. Journal of 

the American College of Radiology. 2006 Aug 

1;3(8):631-4. 

49. Remy-Jardin M, Remy J, Deschildre F, Artaud D, Beregi 

JP, Hossein-Foucher C, Marchandise X, Duhamel A. 

Diagnosis of pulmonary embolism with spiral CT: 

comparison with pulmonary angiography and 

scintigraphy. Radiology. 1996 Sep;200(3):699-706. 

50. Winer-Muram HT, Rydberg J, Johnson MS, Tarver RD, 

Williams MD, Shah H, Namyslowski J, Conces D, 

Jennings SG, Ying J, Trerotola SO. Suspected acute 

pulmonary embolism: evaluation with multi–detector 

row CT versus digital subtraction pulmonary 

arteriography. Radiology. 2004 Dec;233(3):806-15. 

51. Schoepf UJ, Holzknecht N, Helmberger TK, Crispin A, 

Hong C, Becker CR, Reiser MF. Subsegmental 

pulmonary emboli: improved detection with thin-



[53] 

Sukaina BA, et al., World J Curr Med Pharm Res. 2026; 8(3): 42-54 
                      

 

collimation multi–detector row spiral CT. Radiology. 

2002 Feb;222(2):483-90. 

52. Alshumrani G, Mousa WF. Diagnostic yield of CT 

pulmonary angiography for pulmonary embolism in 

clinically suspected patients. Medicine. 2021 Jun 

6;100(22). 

53. Mittadodla PS, Kumar S, Smith E, Badireddy M, Turki 

M, Fioravanti GT. CT pulmonary angiography: an over-

utilized imaging modality in hospitalized patients with 

suspected pulmonary embolism. Journal of community 

hospital internal medicine perspectives. 2013 Jan 

1;3(1):20240. 

54. Bushberg J, Seibert J, Leidholdt Jr E, Boone J. The 

essential physics of medical imaging. 2002. Eur J Nucl 

Med Mol Imaging. 2003;30:1713. 

55. Jiménez D, Lobo JL, Barrios D, Prandoni P, Yusen RD. 

Risk stratification of patients with acute symptomatic 

pulmonary embolism. Internal and Emergency 

medicine. 2016 Feb;11(1):11-8. 

56. Wittram C, Maher MM, Yoo AJ, Kalra MK, Shepard JA, 

McLoud TC. CT angiography of pulmonary embolism: 

diagnostic criteria and causes of misdiagnosis. 

Radiographics. 2004 Sep;24(5):1219-38. 

57. Van Der Pol LM, Tromeur C, Bistervels IM, Ainle FN, 

Van Bemmel T, Bertoletti L, Couturaud F, van Dooren 

YP, Elias A, Faber LM, Hofstee HM. Pregnancy-adapted 

YEARS algorithm for diagnosis of suspected pulmonary 

embolism. New England Journal of Medicine. 2019 Mar 

20. 

58. Al-Zaher N, Vitali F, Neurath MF, Goertz RS. The 

positive rate of pulmonary embolism by CT pulmonary 

angiography is high in an emergency department, even 

in low-risk or young patients. Medical Principles and 

Practice. 2021;30(1):37-44. 

59. Kritsaneepaiboon S, Lee EY, Zurakowski D, Strauss KJ, 

Boiselle PM. MDCT pulmonary angiography evaluation 

of pulmonary embolism in children. American Journal 

of Roentgenology. 2009 May;192(5):1246-52. 

60. Squizzato A, Pomero F, Allione A, Priotto R, Riva N, 

Huisman MV, Klok FA, Stein PD, Guasti L, Fenoglio L, 

Dentali F. Diagnostic accuracy of magnetic resonance 

imaging in patients with suspected pulmonary 

embolism: a bivariate meta-analysis. Thrombosis 

Research. 2017 Jun 1;154:64-72. 

61. Meaney JF, Weg JG, Chenevert TL, Stafford-Johnson D, 

Hamilton BH, Prince MR. Diagnosis of pulmonary 

embolism with magnetic resonance angiography. New 

England Journal of Medicine. 1997 May 

15;336(20):1422-7. 

62. Kalb B, Sharma P, Tigges S, Ray GL, Kitajima HD, 

Costello JR, Chen Z, Martin DR. MR imaging of 

pulmonary embolism: diagnostic accuracy of contrast-

enhanced 3D MR pulmonary angiography, contrast-

enhanced low–flip angle 3D GRE, and nonenhanced 

free-induction FISP sequences. Radiology. 2012 

Apr;263(1):271-8. 

63. Konstantinides SV, Torbicki A. Management of 

pulmonary embolism: recent evidence and the new 

European guidelines. European Respiratory Journal. 

2014 Dec 1;44(6):1385-90. 

64. Donzé J, Le Gal G, Fine MJ, Roy PM, Sanchez O, 

Verschuren F, Cornuz J, Meyer G, Perrier A, Righini M, 

Aujesky D. Prospective validation of the pulmonary 

embolism severity index. Thrombosis and haemostasis. 

2008;100(05):943-8. 

65. Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob 

GE, Comerota AJ. Antithrombotic therapy for venous 

thromboembolic disease. Chest. 2008 Jun 6;133(6 

Suppl):454S-545S. 

66. Prasad BN, Finkelstein SM, Hertz MI. An expert system 

for diagnosis and therapy in lung transplantation. 

Computers in biology and medicine. 1996 Nov 

1;26(6):477-88. 

67. Nduta WA. The pattern of findings on multidetector 

computed tomographic pulmonary angiography for 

suspected pulmonary embolism in Nairobi (Doctoral 

dissertation, University of Nairobi). 

68. Burkill GJ, Bell JR, Padley SP. Survey on the use of 

pulmonary scintigraphy, spiral CT and conventional 

pulmonary angiography for suspected pulmonary 

embolism in the British Isles. Clinical radiology. 1999 

Dec 1;54(12):807-10. 

69. Qanadli SD, Hajjam ME, Mesurolle B, Barre ́ O, 

Bruckert F, Joseph T, Mignon F, Vieillard-Baron A, 

Dubourg O, Lacombe P. Pulmonary embolism 

detection: prospective evaluation of dual-section helical 

CT versus selective pulmonary arteriography in 157 

patients. Radiology. 2000 Nov;217(2):447-55. 

70. Rodrigues B, Correia H, Figueiredo Â, Delgado A, 

Moreira D, dos Santos LF, Correia E, Pipa J, Beirão I, 

Santos O. Clot burden score in the evaluation of right 

ventricular dysfunction in acute pulmonary embolism: 

quantifying the cause and clarifying the consequences. 

Revista Portuguesa de Cardiologia (English Edition). 

2012 Nov 1; 31(11):687-95. 

71. Hefeda MM, Elmasry MM. Prediction of short term 

outcome of pulmonary embolism: Parameters at 16 

multi-detector CT pulmonary angiography. The 

Egyptian Journal of Radiology and Nuclear Medicine. 

2014 Dec 1;45(4):1089-98. 

72. Kang DK, Thilo C, Schoepf UJ, Barraza JM, Nance JW, 

Bastarrika G, Abro JA, Ravenel JG, Costello P, 

Goldhaber SZ. CT signs of right ventricular 

dysfunction: prognostic role in acute pulmonary 

embolism. JACC: Cardiovascular Imaging. 2011 

Aug;4(8):841-9. 

73. Reis SP, Zhao K, Ahmad N, Widemon RS, Root CW, 

Toomay SM, Horowitz JM, Sista AK. Acute pulmonary 

embolism: endovascular therapy. Cardiovascular 

Diagnosis and Therapy. 2018 Jun;8(3):244. 

74. Selimoglu Sen H, Abakay Ö, Cetincakmak MG, Sezgi C, 

Yilmaz S, Demir M, Taylan M, Gümüs H. A single 

imaging modality in the diagnosis, severity, and 

prognosis of pulmonary embolism. BioMed Research 

International. 2014 Dec 14;2014. 

75. Çildag MB, Gok M, Karaman CZ. Pulmonary artery 

obstruction index and right ventricular dysfunction 

signs in initial and follow up pulmonary computed 

tomography angiography in acute pulmonary embolism. 

Journal of Clinical and Diagnostic Research: JCDR. 

2017 Jul;11(7):TC21. 

76. Wang M, Zhang J, Ji Q, Yang Q, Zhao F, Li W, Chang 

HT, Xie X. Evaluation of platelet distribution width in 

chronic obstructive pulmonary disease patients with 

pulmonary embolism. Biomarkers in medicine. 2016 

Jun;10(6):587-96. 

77. Gao H, Liu H, Li Y. Value of D-dimer levels for the 

diagnosis of pulmonary embolism: An analysis of 32 



[54] 

Sukaina BA, et al., World J Curr Med Pharm Res. 2026; 8(3): 42-54 
                      

 

cases with computed tomography pulmonary 

angiography. Experimental and therapeutic medicine. 

2018 Aug 1;16(2):1554-60. 

78. Kubak MP, Lauritzen PM, Borthne A, Ruud EA, Ashraf 

H. Elevated d-dimer cut-off values for computed 

tomography pulmonary angiography—d-dimer 

correlates with location of embolism. Annals of 

Translational Medicine. 2016 Jun;4(11). 

79. Salehi L, Phalpher P, Yu H, Jaskolka J, Ossip M, Meaney 

C, Valani R, Mercuri M. Utilization of serum D-dimer 

assays prior to computed tomography pulmonary 

angiography scans in the diagnosis of pulmonary 

embolism among emergency department physicians: a 

retrospective observational study. BMC Emergency 

Medicine. 2021 Dec;21(1):1-9. 

80. Lim KE, Chan CY, Chu PH, Hsu YY, Hsu WC. Right 

ventricular dysfunction secondary to acute massive 

pulmonary embolism detected by helical computed 

tomography pulmonary angiography. Clinical imaging. 

2005 Jan 1;29(1):16-21. 

81. Sanchez O, Trinquart L, Colombet I, Durieux P, 

Huisman MV, Chatellier G, Meyer G. Prognostic value 

of right ventricular dysfunction in patients with 

haemodynamically stable pulmonary embolism: a 

systematic review. European heart journal. 2008 Jun 

1;29(12):1569-77. 

82. Chen J, Wang X, Zhang S, Lin B, Wu X, Wang Y, Wang 

X, Yang M, Sun J, Xie Y. Characteristics of acute 

pulmonary embolism in patients with COVID-19 

associated pneumonia from the city of Wuhan. Clinical 

and Applied Thrombosis/Hemostasis. 2020 Jul 

7;26:1076029620936772. 

 


