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I. INTRODUCTION 

Pulmonary embolism (PE) occurs mostly because of 
thrombus originating from lower extremity deep venous 
thrombosis. Diagnosis in PE begins with clinical suspicion. 
The presence of risk factors should be considered as well as 
initial symptoms and findings. PE should be suspected 
especially in patients who presented with dyspnea and 
tachycardia and whose chest X-ray was normal and could not 
be explained by another disease. According to the results of 
autopsy studies, it was found that most of the cases did not 
have PE suspicion before death [1]. 

In clinical cases suspected from PE, Wells clinical scoring 
is performed. Wells score 2 and above; are considered as 

medium and high-risk cases. Posteroanterior (PA) chest X-
ray and d-dimer tests are planned for the diagnosis of PE. PA 
chest radiography is normal in approximately 20-40% of PE 
patients without cardiopulmonary disease. A normal chest X-
ray does not exclude the possibility of PE. Chest X-ray 
findings can be subsegmental atelectasis, pleural-based 
opacity (Hampton hump), pleural effusion, diaphragm 
elevation, pulmonary artery enlargement, sudden vascular 
discontinuation, right ventricular dilatation, local vascular 
reduction, and transparency (Westermark sign). These 
findings are not specific to PE [1]-[3]. It was shown that there 
was no significant difference between the patients with and 
without PE [4].  

In our study, we aimed to investigate whether there is a 
difference in terms of clinical severity and prognosis between 
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the patients with normal findings and with pathological 
findings on chest X-ray. 

 

II. MATERIALS AND METHODS 
Our study was conducted in the hospital; (between 2012 

and 2017) a total of 178 PE cases who were hospitalized in 
the Pulmonary Diseases Clinic were included. 
Electrocardiography, chest X-ray and serum d-dimer levels 
were performed to the patients with clinical Wells score 2 or 
above. Computed tomography (CT) pulmonary angiogram 
(CTPA) was performed in patients with Wells score 2 and 
above with the findings supporting the diagnosis of PE. PE 
diagnosis was verified or excluded. The patients who were 
diagnosed as PE were hospitalized; the data was scanned 
retrospectively, and the data was recorded. In our hospital 
registry system, chest X-ray and CTPA scans were analyzed 
by one radiologist who was blinded to the original CT report 
and patients’ diagnosis.  

All the cases were grouped as low, medium, or high risk 
clinically according to the Turkish Thoracic Consensus 
Report and the European Society of Cardiology [1], [5], [6]. 
Serum d-dimer, pro-brain natriuretic peptide (proBNP) 
levels; systolic pulmonary artery pressure (sPAP) values, 
presence of right ventricular dilatation in echocardiography; 
the chest X-ray findings were recorded. In terms of these 
values, it was statistically evaluated whether there was a 
significant difference between the two groups.  

Group 1 and group 2 cases were scanned from hospital file 
records, hospital registry system and death notification 
system. Following the diagnosis of PE, the cases were 
recorded up to the fifth year. 

 

III. STATISTICAL ANALYSIS 
Shapiro Wilk test was used to determine the distribution of 

sPAP variables in both age and echocardiography. Therefore, 
it was expressed with median and minimum maximum. 
Gender, type of thrombus and other categorical variables 
were indicated by number (%). 

The patient groups were compared with the Mann-Whitney 
U test for age and sPAP by measured echocardiography. 
Categorical variables were compared with chi-square tests. 
The level of statistical significance was accepted as p < 0.05. 
For statistical analysis and calculations, IBM SPSS Statistics 
21.0 (IBM Corp. Released 2012. IBM SPSS Statistics for 
Windows, Version 21.0. Armonk, NY: IBM Corp.) was used. 

 

IV. RESULTS 
178 of acute PE patients were included in the study. The 

patients were divided into two groups according to the 
parenchymal pathology on chest X-ray. No parenchymal 
pathology was present in the patients of group 1 (n = 110). 
There were various pathological parenchymal findings in 68 
patients in group 2 (n = 68). Clinical and radiological 
parameters were compared between these groups. 

The median age was 64 (min-max: 21-90) in group 1 and 
71 (min-max: 21-94) in group 2. The age of the group 2 was 
higher than the group 1 (p = 0.02). There was no significant 

difference between the groups in terms of gender and 
embolism type (p > 0.05) (Table I). 

The patients in group 1 were not different in terms of the 
patients who have central thrombus detected in CTPA 
compared to the patients in group 2 (central thrombi group 1, 
group 2, respectively; 97 (89.0%), 53 (77.9%), p = 0.07) 
(Table II). Although chest radiographs were normal in group 
1 patients, central thrombus was found in more cases than in 
group 2 in CTPA. 

 
TABLE I: THE DISTRIBUTION OF DEMOGRAPHIC CHARACTERISTICS  

OF PATIENTS WITH NORMAL CHEST RADIOGRAPHS (GROUP 1),  
WITH PARENCHYMAL PATHOLOGICAL FINDINGS ON THE  

RADIOGRAPHS (GROUP 2) 

 
Group 1 
(n=110) 

n, % 

Group 2 
(n=68) 
n, % 

p 

Age median (min-
max) 64 (21-90) 71.5 (21-94) 0.02 

Gender   0.95 
Female 62 (56.4) 38 (55.9)  
Male 48 (43.6) 30 (44.1)  

Embolism type   0.41 
High risk 39 (35.5) 18 (26.5)  

Moderate-high risk 63 (57.3) 43 (63.2)  
Low risk 8 (7.2) 7 (10.3)  

sPAP median (min-
max) 50 (0-100) 50 (0-90) 0.68 

 
TABLE II: COMPARISON OF RADIOLOGICAL FINDINGS OF PATIENTS WITH 

NORMAL CHEST RADIOGRAPHS (GROUP 1), WITH PARENCHYMAL 
PATHOLOGICAL FINDINGS ON THE RADIOGRAPHS (GROUP 2) 

 Group 1 
(n=110) 

Group 2 
(n=68) p 

Chest X-Ray Signs    
Right ventricle enlargement 83 (75.5) 47 (71.2) 0.658 

Pleural effusion 0 (0.0) 26 (38.2) – 
Atelectasis 0 (0.0) 25 (36.8) – 
Infiltration 0 (0.0) 12 (17.9) – 

Diaphragm elevation 0 (0.0) 30 (44.1) – 
Infarcts 0 (0.0) 12 (17.6) – 

Cut off sign (sudden 
vascular discontinuation) 0 (0.0) 4 (6.0) – 

Chest CT Signs    
Thrombus on the main 

pulmonary artery 97 (89.0) 53 (77.9) 0.076 

Pleural effusion 14 (12.8) 29 (42.6) <0.001 
Atelectasis 11 (10.1) 34 (50.0) <0.001 
Infiltration 7 (6.4) 17 (25.0) 0.001 

Diaphragm elevation 3 (2.8) 24 (35.3) <0.001 
Infarcts 8 (7.3) 19 (27.9) <0.001 

Cut off sign 1 (0.9) 5 (7.4) 0.032 
 
Also, the chest CT parenchymal images of the patients in 

Group 1 were involved significantly lower infiltration than 
the group 2; n = 7 (6.4%); n = 17 (25.0) p <0.001. 

Group 1 and group 2 cases were scanned from file records, 
hospital registry system and death notification system. 
Following the diagnosis of PE, the cases were recorded 
according to mortality in the fifth year. There was no 
significant difference between the two groups in terms of 
exitus (Table III). 

 
TABLE III: FIRST MONTH, FIRST AND FIFTH YEAR MORTALIY DATA OF 

PATIENTS WITH NORMAL CHEST RADIOGRAPHS (GROUP 1), WITH 
PARENCHYMAL PATHOLOGICAL FINDINGS ON THE RADIOGRAPH (GROUP 2) 

 Group 1 
(n=110) 

Group 2 
(n=68) p 

    
First month exitus   1.000 

No 54 (84.4) 32 (84.2)  
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Yes 10 (15.6) 6 (15.8)  
First year exitus   1.000 

No 43 (81.1) 25 (80.6)  
Yes 10 (18.9) 9 (19.4)  

Fifth year exitus   0.090 
No 19 (79.2) 4 (44.4)  
Yes 5 (20.8) 5 (55.6)  

 
 

V. DISCUSSION 
Normal chest X-ray in PE may determine clinical severity 

and may involve increased risk of massive PE. 
Chest X-ray findings have been shown to be similar in 

patients with and without PE [4]. In a study, the detection of 
hilar enlargement on the chest radiograph were correlated 
with the finding of right ventricular dysfunction of 
echocardiography [7]. Similar findings were found in another 
study [8]. 

Contrast enhanced spiral CTPA can show thrombus in the 
pulmonary artery bed; directly up to subsegmental level. 
Central / lobar thrombi of 97%, segmental thrombosis of 
68%, and subsegmental thrombosis of 25% are shown in 
multislice CT. As the number of detectors increases (≥4), the 
sensitivity of spiral CT detecting peripheral thrombi in 
subsegmental, and more distal localizations increases [9]. The 
incidence of subsegmental thrombus in single-slice CT was 
4.7% and this ratio was found to be 9.4% in the multislice 
[10]. The meta-analysis that is involving 2020 patients with 
multi-detector spiral chest CT; were evaluated. The patients 
who were without any thrombus on chest CT have followed 
up for three months. The frequency of PE was found to be 
1.2% and fatal PE was found to be 0.6% at the end of 3 
months [11]. The rate of technically insufficient 
(nondiagnostic) CT angiography due to motion artifacts or 
incomplete enhancement of pulmonary vessels is 5-8% [12]. 
The efficacy of the CTPA increases with the slice number. 
For instance, 128 slice CT is better than 64 slice BT. Spiral 
chest CT with a 128 slice detector was performed to the 
patients in our study. 

There are a few studies on the findings in the PA chest X-
ray in the case of the presence of thrombus in main pulmonary 
arteries in CT. In a study of 4175 CTPA cases, PE was 
detected by two radiologists in 41 studies and data from 34 
studies were obtained from them. Intraluminal defect was 
detected in 31 cases. Embolus localization and the number of 
emboli were determined. 13 patients were diagnosed with 
different tests of additional CT scan. Nine patients (29%) had 
no pathological findings in 31 patients with PE on chest CT. 
14 cases (45%) had pleural effusion, 10 cases had pleural 
infarction and nine cases (29%) had lobar atelectasis [13]. 
The most common radiological sign was atelectasis in 
patients with pathological sign on CTPA group (n=34, 
50.0%) in our study. 

Also, in another study, CTPA of 92 patients was examined 
and PE was detected in 28 cases. Four patients (14%) had 
only peripheral thrombus and 24 patients had both central and 
peripheral thrombus. In the literature, there is no study 
evaluating the relationship between chest X-ray lung 
parenchymal findings and thrombus size on chest CT. In a 
study parenchymal abnormality was detected in 24 cases with 
PE (86%); in 56 patients (84%) without PE. Atelectasis is the 

most common finding; in 20 (41%) patients with PE, 41 
(64%) patients without PE were found. Peripheral infarction 
was detected in seven (25%) patients with PE and three (5%) 
patients without PE [14]. In another study, a total of 423 
patients had PE identified on CT in 3141 patients (13.5%) 
who underwent CT angiography. The incidence of pleural 
effusion was significantly higher in patients with PE 
(243/1220, 19.9%) than that in those without embolism 
(180/1921, 9.4%) (P < 0.001) [15]. While it was detecting 
pleural effusion of 14 (12.8%) patients in group 1, 29 of 
(42.6%) patients in group 2 in our study.  

Creatinine values should be considered for contrast 
shooting.  

This method should not be preferred in patients with renal 
insufficiency with a creatinine clearance below 50 mL/min. 
In these cases, patients with Wells clinical score were 
evaluated as moderate and high risk (> 2); even if the chest 
radiography is normal, further examination is needed for the 
diagnosis of PE. According to the guidelines of the European 
Society of Cardiology, the impairment of renal function tests 
in these cases; is associated with a decrease in cardiac output 
and renal hypoperfusion due to PE. For this reason, 
ventilation-perfusion scintigraphy (V/Q scan)-Single-photon 
emission computed tomography (SPECT) should be 
performed in these limited patients with impaired renal 
function, history of contrast medium-induced anaphylaxis, 
strong allergic history, myeloma, paraproteinemia, and in 
pregnant women. If additional disease is present, the 
diagnosis of PE should be made by performing 
electrocardiography and lower extremity doppler ultrasound 
tests. For lung parenchyma, the presence of indirect PE sign 
in chest CT is evaluated. Accompanied by all these findings; 
if the cases are high risk, thrombolytic therapy; if they are 
low-medium risk, the case is evaluated for anticoagulant 
treatment. Therefore, in patients with normal chest 
radiography, giving up the diagnosis of PE is a wrong 
approach [6], [11].  

Mismatch may not be observed in some cases with V/Q 
scan-SPECT. Some emboli may not form mismatches since 
they do not cause vascular occlusion such as saddle emboli 
[16]. 

In contrast, a normal perfusion scintigraphy, according to 
guidelines, excludes PE. However, major non occlusive 
emboli do not cause any clinical symptoms such as sudden 
death. Similarly, small emboli causing occlusion are detected 
and treated by V/Q scan-SPECT [17]. 

In a study published in the chest with 6674 cases, 40.5% of 
the cases had central PTE. Following anticoagulation (2175.4 
patient-years), patients with central thrombosis had increased 
risk of recurrence compared to patients with peripheral 
thrombus (11.0 vs. 8.0 per 100 patient-years; adjusted hazard 
ratio [HR] 1.34, confidence interval [CI] 95% 1.01-1.78) 
[18]. In our study, there was no significant difference in 
mortality between the patients with normal chest X-ray and 
other groups at the time of diagnosis at the first year and fifth 
year. 

In the light of these evidence, a total of 110 patients with 
normal chest X-ray findings were evaluated in our study. 
Pulmonary embolism was detected in CTPA in 63 (57.3%) 
patients with high-risk embolism in 39 (35.5%) patients. 
Also, in 68 patients with parenchymal signs on chest X-ray, 
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18 (26%) patients with high risk and in 43 (67%) patients with 
moderate high risk were diagnosed with PE by CTPA. 
Sometimes, in patients with renal dysfunction in emergency 
departments, chest CT is performed without contrast agent for 
the diagnosis of PE. However, as shown in our study, 
pulmonary parenchymal findings in chest CT may not reveal 
any signs of thrombus in the main pulmonary arteries. Even 
planar V/Q scan may not be able to detect perfusion defects 
in the saddle thrombosis or main pulmonary artery thrombi 
[16]. For this reason, more attention should be paid in cases 
with no parenchymal findings and renal impairment. There 
are some limitations in PE studies. The diagnosis of this acute 
disease should be made according to the clinical findings of 
the patient. 

The limitation of the study is that the laboratory parameters 
are not compared according to the type of embolism (central 
or peripheral).  

 

VI. CONCLUSION 
In conclusion, a patient pre diagnosed with PE having a 

normal chest X-ray may have an increased risk of massive 
PE. Even if the chest X-ray is completely normal, a PE with 
high-risk central thrombus may be found by CTPA. In our 
study, it was also observed that normal chest X-ray may not 
be a prediction of good prognosis. 
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