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Abstract 
Pulmonary embolism (PE) is potentially life threatening condition which requires adequate diag-
nosis. Since computerized tomography pulmonary angiography (CTPA) described the presence of 
a clot subjectively, an objective and quantification method to characterize plural parenchymal 
abnormality, pulmonary vessels and heart is needed (in order to diagnose PE). This study was di-
rected to investigate whether the presence of plural parenchymal findings correlates with the PE 
and as well, it was designed to answer two basic questions based on CTPA findings done for clini-
cal suspicion of PE: firstly, what are the plural parenchymal abnormalities associated with PE; se-
condly, correlation of PE with the presence of heart changes and pulmonary vessels measurements. 
CTPA scans were acquired for 55 patients suspected of having PE and another 50 subjects who 
were considered as control. The clinical signs and pleuroparenchymal abnormalities, pulmonary 
artery tree measurements, right ventricle and atrium diameters, Inter ventricular septum width 
as well as the myocardium thickening were characterized and correlated with PE. The results 
showed that the PE patients group has more dilated measurements than the normal control sub-
jects. The right ventricle diameter changes were found to be significantly related to the presence 
of PE at p ≤ 0.001. Significant changes at p ≤ 0.005 were also noticed in the pulmonary trunk di-
ameter as well as the right and left main pulmonary arteries with no significant changes detected 
in the distal portion of both pulmonary arteries diameters. The common complaints from PE pa-
tients were chest pain, shortness of breathing, lower limb swelling, tachycardia and syncope. Con-
solidation, ground glass opacifications, mosaic, right ventricle morphological changes and pleural 
effusion were present in the majority of patients undergoing CTPA for the clinical suspicion of PE. 
CTPA is considered as the diagnostic modality of choice in characterization of pulmonary vessels, 
atrium and ventricle changes as well as pleura parenchymal abnormalities in patients with or with-
out PE. 
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Abnormalities 

 
 

1. Introduction 
Pulmonary embolism (PE) is the most common cardiovascular condition [1]. Death rate after a diagnosis of PE 
is still 8% - 15% [2] [3]. Due to lack of precise symptoms that predict or exclude the diagnosis of PE, it is fre-
quently misdiagnosed [4]. Despite technical progress, imaging the pulmonary arteries has remained costly and 
harmful, even with noninvasive approaches [5]. PE can be diagnosed accurately with pulmonary angiography, 
which is recognized as the gold standard, but it is invasive [6]. 

Imaging modalities have improved over the time from plain film, scintigraphy and angiography to computed 
tomography (CT) scan and magnetic resonance imaging (MRI), which have been used for diagnosing PE [7]. 
Contrast-enhanced MRA lacks sufficient spatial resolution for evaluation of peripheral pulmonary arteries [8]. 
Echocardiography is not recommended as a routine imaging test to diagnose suspected acute PE [9]. Several 
studies have shown that contrast enhanced CT has sensitivities and specificities of approximately 90% in the 
diagnosis of PE [10]-[13]. Spiral computed-tomographic pulmonary angiography (CTPA) has gained a leading 
role in PE diagnosis because of being less invasive than conventional pulmonary angiography [7]. The main CT 
limitation is the detection of small peripheral emboli [14]. Early studies comparing spiral CT with selective 
pulmonary angiography demonstrated the high accuracy of spiral CT for detecting PE [15] but suggested that 
subsegmental pulmonary emboli may be unnoticed by CT scanning. Recent studies have shown that CT can as-
sess the acute right-sided heart failure and can predict adverse clinical outcome [16] [17]. CT angiography and 
high resolution CT are commonly used for the diagnosis of PE and underlying lung parenchyma disease 
[18]-[22]. Asymmetric dilation of the pulmonary arteries, calcified thrombi and bronchial collaterals are consi-
dered signs of embolic disease [23] [24]. Deviation of the interventricular septum was reported on CT as a sub-
jective sign of raised right heart pressure. High resolution CT of the chest can show the underlying pulmonary 
disease [25]. The literature shows variable results for the analytical role of CTPA to characterize the plural pa-
renchymal abnormality, pulmonary vessels and heart in order to diagnose PE. This variability may be explained 
by the subjective changes on CTPA because formal criteria for establishing these signs are not available. CT can 
diagnose the presence of a clot subjectively, since an objective and quantification method to characterize plural 
parenchymal abnormality, pulmonary vessels and heart is needed (in order to diagnose PE). To the best of our 
knowledge; no study has investigated whether the presence of plural parenchymal findings correlates with the 
PE in our Sudanese Radiology Departments. This study was directed to investigate whether the presence of 
plural parenchymal findings correlates with the PE and as well, it was designed to answer two basic questions 
based on CTPA findings done for clinical suspicion of PE: firstly, what are the plural parenchymal abnormalities 
associated with PE; secondly, correlation of PE with the presence of heart changes and pulmonary vessels mea-
surements. 

2. Materials and Methods 
2.1. Area and Duration of the Study 
This study is a descriptive analytical study, it was done at Royal Care International Hospital and Doctor’s Clinic 
Radiology Departments; Data were collected during the period from (October 2013) to (December 2015). 

2.2. Study Population 
A sample of 55 patients with clinically suspected PE was enrolled and 50 subjects were considered as control. 
Patients mean ages was 54.20 ± 14.21 ranged from (28 - 95) years old. The control group mean ages was 50.7 ± 
14.5 ranged from (21 - 76) years old. All were examined by using CT. Those were referred to CT examination 
were with clinical presentation including shortness of breath, chest pain, swallowing in legs. The presumptive 
diagnosis was based on clinical findings. The normal controls were those who were scanned for CT angiography 
and their findings were normal without cardiac or vascular or pulmonary problems. Exclusion criteria were non 
availability of medical records, or have contraindication of intravenous iodinated contrast. Verbal consent was 
firstly obtained from all potential participants. The aims, benefits of the present study were explained to all par-
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ticipants in details. Medical history of all study subjects posing as (sample) were thoroughly reviewed directly 
from participants themselves and those with conditions that may in any way, alter the findings of the current 
study were excluded. 

2.3. Procedure 
2.3.1. Instrumentation and Scanning Setup 
The CT machines including Toshiba (64 multi-slice detector) and Neo soft (64 multi-slice detector) were used. 
Contrast-enhanced spiral CT scanning of the pulmonary arteries was performed for the patients in supine posi-
tion during breath hold, depending on the patient’s level of dyspnea. CTA was obtained during spiral data ac-
quisition, the entire area of interest was scanned during the injection of contrast. Images were captured when 
vessels are fully opacified to demonstrate either arterial or venous phase enhancement through the acquisition of 
both data sets (arterial and venous). A ROI (region of interest) was positioned over the pulmonary artery at the 
level of the carina. After commencing the injection a (tracker scan) Hounsfield level at the ROI was monitored 
and the scan was triggered when the density at the ROI reaches a preset value. Scanning was used to acquire the 
images of the thorax in a caudal-cranial direction. The caudal-cranial direction was used because most emboli 
are located in the lower lobes and, if the patient breathes during image acquisition, there is more excursions of 
the lower lobes compared with the upper lobes. The images were displayed with three different gray scales for 
interpretation, mediastinal window {window width-window level (400 - 40 HU)}, Pulmonary embolism-specific 
window (700 - 1000 HU), Lung window (l500 - 600 HU) settings because pulmonary embolism can be missed 
when a case with very bright contrast is viewed only on mediastinal window settings. The pulmonary embolism— 
specific settings were used to help to differentiate between a sharp margined embolus and an ill-defined artifact.  

The axial section displaying the maximal distance between the ventricular endocardium, atrium and the inter-
ventricular septum, perpendicular to the long axis of the heart, was identified for the right ventricle. The maxi-
mum short axis diameters for atrium, ventricle and interventriculer width were measured. Images were obtained 
with the mediastinal window settings. The main pulmonary artery diameter was measured at its widest portion 
near its bifurcation at the level of carina, and as well, the right and left pulmonary branches were also been 
measured. The final diagnosis of PE was made on the basis of the CT findings. The presence, location, of any 
parenchymal abnormality were identified. The presence of pleural effusions was recorded but it was not been 
measured or graded. 

2.3.2. System Criteria 
Several scan parameters that were considered carefully are: spiral pitch which is of particular significance be-
cause it affects image quality and patient dose. Other parameters are collimation, table speed, duration of the 
scan, and the reconstruction increment. The used CT Scanning parameter: Collimation (1 - 2 mm), Table speed 
(2 - 4 mm/sec), Gantry rotation time (ms) = 330 - 420 mm/sec, Tube voltage/(KV) = 120 kv, Tube current time 
product/(mAs) = 125 mAs, pitch/(mm) = 0.9, and the reconstruction slice thickness/(mm) = 0.6 CT. 

Angiography contrast parameters for pulmonary artery: Concentration (mg iodine/ml) = 350 - 400, Injection 
Rate (ml/s) = 3 ml/sec, Volume/(mL) = 60 - 120 ml, Delay(s) = 12 sec Saline chaser (ml, ml/s) = 30, 3.0. 

There are many advantages and disadvantages for the procedure including: 
1) Artifacts: -during our scanning respiratory motion artifacts are the most common problem. They are best 

seen on lung window. Motion artifact renders the diagnosis of PE at the affected anatomic level indeterminate. 
Therefore the shorter breath-hold technique less than 3 seconds was used to avoid this limitation. 

2) Pulmonary artery enhancement: We used attenuation in the artery of at least one more SD; the minimum 
attenuation of adjacent opacified blood to identify this outlying PE is 210 H. To detect abnormalities and to im-
prove pulmonary embolism conspicuity, we adjust the display window widths and levels. 

3) Increasing in timing of bolus increases the enhancement of the pulmonary arteries during the injection. 
This enhancement advantage is used with the delay technique, whereas bolus tracking starts the CT scan earlier 
on the rise of the enhancement curve and results in worse pulmonary artery enhancement. When the triggering 
threshold for bolus tracking is increased, CT was started on the rise of the enhancement curve. However, in cas-
es with poor function of the right side of the heart, the enhancement threshold is not reached; this leaves us in 
doubtful as to when to start image acquisition. The used technique has the advantage of reducing motion arti-
facts by removing the added density when to start the study based on a threshold value. 
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4) Patient habitus was a factor that we considered during the scanning selection criteria; in large patients the 
image noise and the amount of IV contrast material were increased. For patients weighing more than (100 kg), 
the radiation dose was increased to decrease the amount of image noise which consider as disadvantage. To de-
crease image noise and improve scan quality the standard detector width-reconstruction used/(mm) was 0.625 - 
1.25. 

3. Results 
The following tables and figure presented the results obtained from patients (with PE) and (without PE) scanned 
using CTPA. All the evaluated variables were measured and tabulated as mean and standard deviation. The 
comparison between the two groups was obtained using a statistical test for equality of means for the measured 
variables; the mean difference is significant at the p ≤ 0.05 level. Right atrium and right ventricle diameters, 
pulmonary trunk, right main pulmonary artery, left main pulmonary artery were found to be statistically differs 
between the two groups (Table 1 and Table 2). 

4. Discussion 
Computed tomography pulmonary angiography (CTPA) has an important role for the detection of pulmonary 
embolism (PE) in large and segmental vessels [26]-[30]. The pulmonary vessels were evaluated and measured 
including main pulmonary trunk, right and left pulmonary vessels as well as the proximal and distal segment and 
were compared with the normal controls, this was presented in Table 1 and Table 2. The results showed the PE 
patients group has dilated measurement when compared with the normal control subjects. The changes were 
found to be: for the right atrium; it was found to be larger by 3.1 mm, right ventricle by 3.8 mm, interventricular 
septum width by 0.4 mm, myocardium thickening 0.21 mm. In the current study the CT quantification method  
 
Table 1. Descriptive statistics (mean and standard deviation) of the studied variables in patients with and without pulmonary 
embolism.                                                                                                    

Variables Sample N Mean (mm) Std. Deviation Minimum (mm) Maximum (mm) 

Right Atrium Diameter 
With PE 55 49.51 8.54 33.20 87.30 

Without PE 50 46.43 6.44 36.70 77.00 

Right Ventricle Diameter 
With PE 55 46.03 6.23 32.90 68.30 

Without PE 50 42.25 3.85 35.60 53.70 

Interventricular Septum Width 
With PE 55 11.38 1.82 8.30 20.80 

Without PE 50 11.00 1.13 8.30 13.00 

Myocardium Thickening 
With PE 55 7.16 0.97 5.50 10.50 

Without PE 50 6.95 0.77 5.30 9.60 

Pulmonary Trunk Diameter 
With PE 55 28.00 3.70 19.50 37.10 

Without PE 50 25.17 3.33 19.00 34.30 

Right Main Pulmonary Artery Diameter 
With PE 55 20.70 3.33 15.40 29.70 

Without PE 50 18.89 2.81 12.90 25.10 

Left Main Pulmonary Artery Diameter 
With PE 55 21.05 3.37 15.20 30.00 

Without PE 50 19.56 3.02 14.10 26.70 

Right Distal Pulmonary Artery Diameter 
With PE 55 3.21 0.40 2.50 4.50 

Without PE 50 3.22 0.32 2.50 4.10 

Left Distal Pulmonary Artery Diameter 
With PE 55 3.23 0.38 2.60 4.80 

Without PE 50 3.15 0.29 2.40 3.80 
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Table 2. Independent samples test for equality of means shows the difference between patients with and without pulmonary 
embolism.                                                                                                       

Independent Samples Test 

Patients with and without Pulmonary Embolism 
t-test for Equality of Means 

t Sig. (2-tailed) 

Right Atrium Diameter 2.071 0.041* 

Right Ventricle Diameter 3.692 0.000* 

Inter Ventricular Septum Width 1.281 0.203 

Myocardium Thickening 1.233 0.220 

Pulmonary Trunk Diameter 4.100 0.000* 

Right Main Pulmonary Artery Diameter 3.006 0.003* 

Left Main Pulmonary Artery Diameter 2.370 0.020* 

Right Distal Pulmonary Artery Diameter −0.102 0.919 

Left Distal Pulmonary Artery Diameter 1.170 0.245 

*The mean difference is significant at the 0.05 level. 
 
of measurement reflects changes happened due to PE; similarly a quantitative method has been reported to have 
good correlation to pulmonary angiography indices [31]. For this purpose, the arterial changes were also been 
evaluated and was quantified by measuring the diameter in (mm) in axial CT images based on the location of the 
embolus. A significant changes were also been noticed in the pulmonary trunk diameter as well as the right and 
left main pulmonary artery without any significant changes detected in the distal portion of both of the pulmo-
nary arteries (Table 2). 

Studies have mentioned that some cases may not be diagnosed clinically because symptoms such as chest 
pain, shortness of breath, and tachycardia are nonspecific and may mimic other pulmonary or cardiac conditions 
[32]. In our study the most common patient complains in PE patient’s were found to be chest pain that consti-
tuting 38/55 (69.1%), followed by shortness of breathing which was found in 33/55 (60%) of the sample. The 
least percent were for tachycardia and syncope as presented in Table 3. PE was found unilaterally in 34 (61.8%) 
cases and bilaterally in 21 (38.2%). Our study showed an adverse result when compared to the study done pre-
viously [32] is that PE is more often bilateral than unilateral. It has been estimated that 80% of PE cases are as-
sociated with deep vein thrombosis (DVT). It is therefore noticed that PE is considered a complication or a con-
sequence of DVT [33]. A concern with this approach is that some cases of PE are due to embolization from oth-
er sites, such as pelvic or upper-extremity veins or the right heart, therefore the patients lower limbs were also 
been evaluated. Leg swelling was found only in 2/55 (3.6%) of the sample with no significant relationship was 
detected in our sample. An abnormal right ventricle morphology was also found in 11/55 (20%) of the patients 
with PE and the changes were found to be significantly affected with the presence of PE at p ≤ 0.001, this was 
noticed in Table 3. 

In recent studies using computed tomography (CT) it is not only has a great role in demonstrating intra lu-
minal clot, but CTPA also allows concomitant evaluation of the lung parenchyma and pleural space [32]. Fur-
thermore, very few studies have addressed the prevalence and spectrum of parencyhmal and pleural findings in 
the setting of PE [34]-[37]. In the present study, we sought to resolve the influence of the presence of pulmonary 
arterial obstruction from acute PE on the presence and extent of pleura parenchymal abnormalities. To our 
knowledge, this is the first Sudanese study performed to correlate PE to pleura parenchymal findings. When we 
did so, we found that the parenchymal abnormalities detected were: 1) pleural effusion which was found in 
21/55 (38.2%) and was significantly correlated at p ≤ 0.000. When it was characterized it was found to be 
wedge-shaped opacity with a roughly triangular area of increased attenuation, with a broad base against pleural 
surface and the apex toward the hilum was noticed; 2) consolidation constituting 25/55 (45.5%) and was corre-
lated also significantly at p ≤ 0.041, it was characterized as a non-wedge-shaped area of increased attenuation 
obscuring broncho vascular markings, and was more prominent in patients with PE than in patients without PE  
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Table 3. The frequency of the complains findings in patients with and without pulmonary embolism.                               

Complain Presence/Absence Patients with (PE) N = 55 Patients without (PE) N = 50 

Chest pain 

Present 
38 23 

69.1% 46.9% 

Absent 
17 26 

30.9% 53.1% 

Shortness of breathing 

Present 
33 39 

60.0% 78.0% 

Absent 
22 11 

40.0% 22.0% 

Leg swelling 

Present 
2 3 

3.6% 6.0% 

Absent 
53 47 

96.4% 94.0% 

Tachycardia 

Present 
1 0 

1.8% 0.0% 

Absent 
54 50 

98.2% 100.0% 

Syncope 

Present 
1 0 

1.8% 0.0% 

Absent 
54 50 

98.2% 100.0% 

 
in our series. These findings agreed with those of Reissig et al. [36], who reported significantly higher frequency 
of non-wedge-shaped consolidations in patients with PE than in patients without PE. However, the frequency of 
consolidation was lower in other studies investigating the parenchyma findings in the setting of PE [34] [35] 
[37]. The higher prevalence of consolidation in patients with PE can be explained by the proposal that it may 
represent a non-wedge shaped infarct, edema or hemorrhage; however, consolidation is a nonspecific pattern 
that can result from many different causes. Our findings confirm the previous studies reporting significant asso-
ciation for ground glass in patients with PE [34]-[36]. In our series 13 (26.0%) patients without PE had a non 
wedge-shaped opacity that could be attributable to another cause.  

The another findings in our study is; 3) ground-glass attenuation which was one of the parenchymal finding, 
seen in patients with PE but the least percentage was found in only 3 cases (5.5%), from four previous studies 
[34]-[37] designed to identify subsidiary CT findings in the setting of acute PE, only Shah et al. [35] searched 
for ground-glass attenuation, and reported that it was seen in 14% of patients with PE, and in 25% of patients 
without PE and was found to enclose the attenuation of a hazy increased parenchymal attenuation not obscuring 
broncho vascular markings. These findings were consistent to the description done by Nevzat Karabulut et al. 
(2008) [32]. The presence of ground glass opacity in patients with acute PE can be explained by the alteration of 
lung attenuation values by diminished pulmonary perfusion, broncho constriction, or edema; this was also simi-
larly mentioned by Matsuoka et al. [38]. 

Mosaic appearance was seen in 5 (9.1%) of patients with PE and only 1 (2.0%) in non PE subjects. Literature 
has mentioned that PE can cause a no uniform arterial perfusion pattern that can manifest as a mosaic pattern of 
lung attenuation on CT [39] this was also found in our study. The presence of one non embolic case complaining 
of the mosaic pattern of lung attenuation may be due to other causes [40]. 
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Right ventricle (RV) was found to be abnormal in 11 (20.0%) patients with PE and only one case (2.0%) none 
affected with PE was consider having abnormal RV (Table 4). This circumstances should be considered critical 
because it was mentioned that PE increases the pressure of the pulmonary arterial system and right ventricle (RV) 
resulting in RV dysfunction, which may progress to right heart failure and circulatory collapse [41] [42]. That 
led to higher mortality rate than those without [42] [43]. Thus, the presence of RV dysfunction is a marker for 
adverse clinical outcome in patients with PE as mentioned by similar previous studies [9] [42] [43]. 

Previous studies have mentioned that Pulmonary CTA allows visualization of emboli and provides informa-
tion regarding the status of the right heart [44] [45]. In several studies, the ratio of the RV to left ventricle (LV) 
diameters on pulmonary CTA has been proposed as a sign for RV abnormality [17] [46] [47]. Other signs have 
been described, including bowing of the interventricular septum [48] [49]. However, a variety of different me-
thods for the quantitative assessment of RV on pulmonary CTA have been proposed [17] [46] [47] [50] and the 
literature shows variable results for the prognostic power of pulmonary CTA signs of RV problems to predict 
adverse outcomes. This variability may in part be explained by the somewhat subjective nature of diagnosing RV 
changes on pulmonary CTA because formal criteria for establishing these signs are not available. It is notewor-
thy that several prior publications on this topic [48] [51]-[53] do not report interobserver reproducibility of the 
findings. The current study evaluated both patients with PE and without PE by measuring the heart and right 
atrium diameter, right ventricle diameter and inter ventricular septum width with quantification method. 
Changes were proposed to be sign of PE and we believe that these findings should be acknowledged in the di-
agnosis of PE and associated clinical and radiological findings. 

Comparing between the patients age groups with and without pulmonary embolism; the study revealed that 
the most affected age group with PE was identified between 51 - 60 years, constituting 18/55 (32.7%) with sig-
nificantly correlated at p ≤ 0.036 this was presented in (Figure 1). 
 
Table 4. The frequency of parenchymal findings in patients with and without pulmonary embolism.                                   

Parenchyma Findings Condition Patients with (PE) N = 55 Patients without (PE) N = 50 

Associated Pleural Effusion 

Present 
21 34 

38.2% 68.0% 

Absent 
34 16 

61.8% 32.0% 

Consolidation 

Present 
25 13 

45.5% 26.0% 

Absent 
30 37 

54.5% 74.0% 

Ground Glass Opacity 

Present 
3 3 

5.5% 6.0% 

Absent 
52 47 

94.5% 94.0% 

Mosaic Appearance 

Present 
5 1 

9.1% 2.0% 

Absent 
50 49 

90.9% 98.0% 

Right Ventricle Morphology 

Normal 
44 49 

80.0% 98.0% 

Abnormal 
11 1 

20.0% 2.0% 
*PE was found unilaterally in 34 (61.8%) cases and bilaterally in 21 (38.2%). 
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Figure 1. Distribution of patients with PE (n = 55) and without PE (n = 50) according to age classes presented in 
percentage.                                                                                                                                                                                                        

5. Conclusions 
CTPA has changed the diagnostic step up for suspected pulmonary embolism. CT not only provides concrete 
evidence of an embolus, but also allows the concurrent evaluation of other intrathoracic structures. Nevertheless, 
routine interpretation of CTPA findings is typically focused on the presence or absence of emboli along with a 
rough visual estimation of clot, and a description of pleura parenchymal abnormalities. Only recently studies 
have been focused on the quantification of clot on the basis of CTPA findings [31] [52]-[56]. Other quantifica-
tion methods were used to diagnose PE including blood gas values and lung attenuation [52]-[56]. Collomb et al. 
[48] found that the pulmonary arterial obstruction can be used as an indicator for presence of PE. Other investi-
gators, Van Der Meer et al. [52] and Wu et al. [54], reported that the CT is a significant predictor of death. 

Regarding the current study results, the answers of the two raised questions based on findings of CTPA per-
formed for clinical suspicion of PE have been answered: consolidation, ground glass opacifications, and mosaic, 
right ventricle morphological changes and pleural effusion were found to be present in the majority of patients 
undergoing CTPA for the clinical suspicion of PE. The presence of heart changes and pulmonary vessels mea-
surements findings were found to have correlation with the presence of PE. The clinical implication of this find-
ing is likely to be different in patients with PE. CTPA is considered as the diagnostic modality of choice in the 
characterization of pulmonary vessels, atrium and ventricle changes as well as pleura parenchymal abnormalities 
in patients with or without PE. 
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