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Background: Portable bed side ultrasound and supine chest radiograph of 80 traumatic 
patients excluding very clinically unstable patients who subsequently underwent CT scan 
chest was done for traumatic effusion showing that ultrasound had a higher sensitivity than 
CXR, 88.23% and 77.94%, respectively, and a similar specificity of 100% and 100%, 
respectively. Objective of the study is to compare the diagnostic accuracy of high resolution 
ultrasound and supine chest x-ray in detection of pleural effusion in road traffic accident patients 
keeping plain CT chest as gold standard. Methods: This study was conducted in PIMS and PAEC 
General Hospital, Islamabad from 1st January to 15th December 2015. The current study examined 
total of 80 trauma (blunt and penetrating) patients coming to emergency departments of both 
hospitals specifically those who had road traffic accident history. Their portable bed side 
ultrasound and supine chest radiograph were performed for assessing pleural effusion and 
subsequently CT scan chest was done for confirmation as it’s a gold standard. Results: Using CT 
findings as gold standard the sensitivity, specificity, positive predictive value and negative 
predictive value was assessed for both ultrasonography and chest radiography and found to be 
88.23%,100%, 100%, 40% and 77.94%, 100%, 100%, 55.55% respectively with diagnostic 
accuracy of ultrasound 90% as compared to 81.25% for supine chest x-rays when compared with 
gold standard. Conclusion: Ultrasound and chest x-ray can be used as a useful and suitable 
adjunct to CT in road traffic accident patients as these are easily available, non-invasive, no 
contrast required, can be performed on bed side and carries no or little radiation risk. 
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INTRODUCTION 

Thoracic injuries are significant causes of morbidity 
and mortality in trauma patients. These injuries 
account for approximately 25% of trauma-related 
deaths in the United States, second only to head 
injuries. Road Traffic Accident (RTA) was found to 
be the commonest cause of Blunt Chest Trauma 
(90%) while Gunshot injuries constituted the 
commonest cause of Penetrating Chest Trauma 
(73%). Radiologic imaging plays an important role in 
the diagnosis and management of blunt chest trauma.1 

Ultrasound evaluation for these road traffic 
accident traumatic patients as FAST (Focused 
Assessment with Sonography for Trauma) is 
considered as initial step in management.2,3 Studies 
have assessed important characteristics of ultrasound 
for detecting significant traumatic hemothoraces.4,5 In 
addition to common traumatic thoracic injury, it also 
identifies complications of blunt trauma5 and free 
fluid of >200 ml is usually detected by this imaging 
modality4,6,7. Ultrasound has high sensitivity and 
specificity of 92% and 100% respectively with 
positive predictive value of 100% and negative 
predictive value 98% for traumatic hemothorax.4,8 

Ultrasound is portable, inexpensive, free of ionizing 
radiation, and allows the clinician to perform 
examinations rapidly and repeatedly to obtain 
diagnostic information at the bedside.2,9 Ultrasound 
provides an important initial screening examination 
in the adult trauma patient. However, it is not a 
replacement for the more sensitive imaging studies 
like CT. Costophrenic area assessed as part of the 
FAST examination is the site in supine patient where 
free intrathoracic fluid accumulates. 

The chest radiograph (CXR) is the initial 
test for all patients with blunt thoracic trauma.10 It is 
inexpensive, noninvasive, easy to obtain, and in 
many instances, reveals useful information so it must 
be performed in all stable patients who have 
sustained blunt thoracic trauma. A volume of 300 mL 
is needed for hemothorax to manifest on an upright 
CXR. (20). CXR is systematically reviewed for 
evidence of hemothorax, and other traumatic injuries 
in suspected cases of trauma.11,12 Any abnormality on 
CXR should be followed by a computed tomography 
(CT) scan of the chest. Sensitivity, specificity and 
accuracy of portable chest radiograph for hemothorax 
is 96.2%,100% and 99.6% respectively.8 
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The diagnostic accuracy of computed tomography 
(CT) is far greater than plain radiography for 
intrathoracic injury, and allows for detailed 
evaluation of the pulmonary and mediastinal 
structures.13,14 CT scan is extremely sensitive and 
specific for traumatic injuries and considered as Gold 
standard and provide a basis for treatment planning in 
these patients.15,16 

Rationale of this study is to compare 
accuracy of bedside ultrasound and supine chest x-
rays for pleural effusion in traumatic patients and if it 
comes out to be equal to CT then apply these 
modalities as an extension of physical examination 
on prior bases for traumatic patients as ultrasound is 
portable, inexpensive, free of ionizing radiation, and 
allows the clinician to perform examinations rapidly 
and repeatedly to obtain diagnostic information at the 
bedside and x –rays is easily available, noninvasive, 
cost effective, no patient preparation is required and 
dose exposure is less as compared to CT. CT requires 
patients be transported out of the resuscitation suite 
(which is usually contraindicated in unstable trauma 
patients), exposes patients to ionizing radiation, and 
also entails higher cost thus delaying management of 
these patients 

MATERIAL AND METHODS 
This descriptive validation study was conducted in 10 
months duration, extending from 1st January to 31st 
October 2015. Approval of the study was taken from 
hospital ethical committees of both hospitals prior to 
the start of study. A total of 80 patients were selected 
for the study. Sample size was calculated by using 
WHO sample size calculator using sensitivity 62%, 
specificity 100%4, prevalence of 25%1, precision 
level of 10% and confidence level of 95%. All 
patients with suspected blunt or penetrating trauma 
were enrolled for the study, however this study 
excluded all those traumatic patients who were 
critically and clinically unstable and require 
emergency surgery before presenting to radiology 
department for trauma imaging and pregnant women. 
Informed consent by these traumatic patients were 
not required.  

In addition to thoracic ultrasonography, 
supine chest radiograph and plain chest CT for a 
complete evaluation, was included in this study. All 
imaging examinations were conducted by post 
graduate trainee under supervision of experienced 
radiologist. All sonograms were made with the 
patient in the supine position immediately after 
arrival to radiology department as an extension of 
FAST examination. Ultrasonography evaluation of 
the thoracic cavity was followed by supine chest x-
rays and plain CT chest and results were interpreted 

by senior radiologist, who was kept blind about 
sonographic data. 

Statistical analysis was performed using 
SPSS version 17. Mean with standard deviation was 
calculated for quantitative variables, frequency with 
percentages were calculated for qualitative variables. 

RESULTS 

A total of 80 patients (males and females) were 
included in this study, 57 of whom were males 
(71.2%) with mean age of 27.30±9.688 years and 23 
were females (28.8%) with mean age of 
30.91±11.579 years. All were traumatic patients 
referred to PIMS/PAEC emergency units excluding 
those who were very unstable and require emergency 
surgery.  

Sixty above mentioned traumatic patients 
(75% n=80) were positive on ultrasound for pleural 
effusion, 12 (15% n=30) were true negative that were 
confirmed latter on CT imaging technique. Eight 
(10% n=80) patients were false negative on 
ultrasound modality at time of scan. 

In our study ultrasound examination resulted 
in 0 false-positive, 8 false-negative, 80 true-positive, 
and 12 true-negative findings with overall sensitivity, 
specificity and diagnostic accuracy in detecting 
traumatic haemothorax found to be 88.23%, 100% 
and 90% respectively keeping plain CT chest as gold 
standard. 

These traumatic patients then undergone 
supine chest x-rays, 53 out of them (66.2% n=80) 
were found positive for pleural effusion. Thus 
sensitivity, specificity and diagnostic accuracy of 
supine chest x-rays while comparing with gold 
standard was found to be 77.94%, 100% and 
81.25% respectively for traumatic haemothorax, 
with 53 true-positive, 12 true-negative, 0 false-
positive and 15 false-negatives. All these patients 
were subsequently correlated with gold standard 
plain CT chest for final confirmation. Results 
showed 68 (85% n=80) were true positive for 
haemothorax on CT, with 12 true-negative, 0 false-
positive, 8 false-negative results. 

Our results showed that thoracic 
ultrasound examination in traumatic patient done 
as FAST scan had a sensitivity of 88.23% and a 
specificity of 100% when compared to the gold 
standard (Plain CT chest). The FAST scan was 
also compared to CXR, using CT scan as the gold 
standard, showing that ultrasound had a higher 
sensitivity than CXR, 88.23% and 77.94%, 
respectively, and a similar specificity of 100% and 
100%, respectively. In addition, we noted that 15% 
of all traumatic patients do not had pleural effusion 
that was finally diagnosed later on a CT scan (true 
negative). Although CT scan remains the gold 



                                                                                          J Ayub Med Coll Abbottabad 2017;29(4) 

http://www.jamc.ayubmed.edu.pk 589 

standard, we concluded that ultrasound was more 
sensitive in identifying traumatic pleural effusion 
when compared to supine CXR. 

Table-1: Cross tabulation of USG and Chest X-
ray with CT chest 

CT Scan 
Result 

Positive Negative 
Total 

Ultrasound 
Positive 60 0 60 
Negative 8 12 20 

Chest X-ray 
Positive 53 0 53 
Negative 15 12 27 

Total 68 12 80 

Table-2: Validation parameters for USG and 
CXR taking CT chest as gold standard 

Validation Parameters  Ultrasound Chest X-ray 
Sensitivity 88.23% 77.94% 
Specificity 100% 100% 
Positive Predictive Value 100% 100% 
Negative Predictive Value 40% 55.55% 
Diagnostic Accuracy 90% 81.25% 

DISCUSSION 

Being a non-invasive and highly sensitive and easily 
repeatable diagnostic imaging modality, 
ultrasonography is becoming an integral part in the 
emergency setting. Ultrasonography imaging is 
particularly useful because it allows a non-invasive 
bedside diagnosis to be made. An early detection of 
traumatic pleural effusion is even more important in 
hypotensive patient to detect potential sources of 
bleeding for definite treatment as in these very 
unstable patients every second has more impact on 
their outcome. 

For optimal patient outcome in emergency 
unit efforts should be directed for rapid detection 
of occult and potentially lethal injuries in 
traumatic injured patients so that early diagnosis 
and treatment can be initiated. There is increasing 
role of the focused assessment of the sonographic 
examination of the trauma patient (FAST) for 
better prognosis.17–23 A focused thoracic 
ultrasonography examination as a part of FAST 
can be used for the detection of traumatic pleural 
effusion.17,24 

Retrospective studies showed sensitivity 
and specificity for thoracic ultrasonography as 
97.5% and 99.7% respectively and that of supine 
chest x-rays as 92.5% and 99.7% respectively.25 
Overall, both modalities were found to be 96.2% 
sensitive, 100% specific, and 99.6% accurate for 
traumatic haemothorax.8 
In this study, the focused thoracic ultrasonography 
examinations as a part of FAST examination was 
done under supervision of senior radiologist, each 
patient who had a documented pleural effusion 

underwent supine chest x-ray and subsequently 
plain chest CT as gold standard. Sensitivity and 
specificity of thoracic ultrasonography was found 
to be 88.23% and 100% respectively when 
compared to supine chest x-rays (77.94% and 
100% respectively), 12 true negative on both 
modalities that were latter on confirmed by CT 
chest, 8 false negative were found on ultrasound 
which explains the limitation of this imaging 
modality for not detecting pleural effusion in 
amount less than 100ml, as reported by Gryminski 
and colleagues, who compared chest 
ultrasonography and radiography for the detection 
of pleural fluid.26  

Eight patients were found  false negative 
in this study which can be understandable from 
view that all these scans were performed in supine 
position immediately after emergency arrival (10–
15 minutes) so positioning of patient and 
repeatability of this modality can further improve 
diagnostic accuracy in these traumatic patients as 
is evident in previous study where repeat 
ultrasonography examinations and repositioning of 
the patient in the lateral decubitus or upright 
position  is indicated in traumatic patients to 
enhance the detection of pleural fluid.26 

Plain chest radiography detected 53 cases 
with 12 true negatives, 15 false negatives and 
positive predictive value of 100%. Again, these 
false negative results are attributed to patient’s 
positioning and amount of fluid (at least 500ml of 
pleural fluid is required to eliminate false negative 
results) as previously studied article.26 These are 
some limitation factors for both ultrasound and x-
rays in trauma patients. 

CONCLUSION 

We conclude that focused thoracic ultrasonography 
examination along with supine chest x-rays as an 
extension of physical examination in road traffic 
accident patients for detection of traumatic 
effusion is more reliable rapid and diagnostic 
accurate for early detection of haemothorax and 
management of patients, particularly in 
hypotensive, critical ill patients.  

Keeping in view its well documented 
advantages like non-invasiveness, quick, easily 
repeatable as bedside technique, we encourage use 
of these routine modalities as part of the physical 
examination and thoracic evaluation in all injured 
patients for better outcome, however 
abovementioned limitations for these techniques 
for these patients should be considered while 
interpreting the results. 
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