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Introduction
Trauma-related morbidity and mortality are important 
contributors to the mortality afflicting many individuals 
during the most productive years of their lives,1-3 contributing 
to a significant loss of income while adding to health 
expenditure and reducing productive capacity. As much as 
25% of polytrauma deaths are attributable to chest injuries, 
and 10–13.6% of these patients have pneumothoraces.4-8 
An audit of trauma deaths in Scottish emergency units 
revealed that misdiagnosis of thoracic injuries and delays 
in instituting appropriate treatment were the most common 
errors contributing to death. 

The erect chest x-ray (CXR) is an inexpensive and 
sensitive investigation used to detect pneumothoraces;10 
however, most trauma victims are relegated to the supine 
position due to therapeutic necessity.9 The supine CXR has a 
sensitivity between 30–50% in pneumothorax detection.10,11 
Additionally, identifying the subtleties of pneumothoraces can 
be challenging. An occult pneumothorax is a pneumothorax 
missed during initial plain radiological studies and identified 
on cross-sectional imaging of the chest.12 Since most trauma 
patients are investigated with supine CXRs, which have a 
low sensitivity in detecting pneumothoraces, which are then 
later detected on cross-sectional imaging, one can surmise 
that some of the pneumothoraces are occult.

The CXRs at this facility are not reported on by the radiologist 
but are interpreted by the treating clinician. In this study the 
CXRs were interpreted by a registrar supervised by an in-
house trauma consultant.

Ultrasound scan is a more sensitive investigation than the 
supine CXR;4,13 it can be performed serially and without 
relocating the patient from the safety of the resuscitation 
room. However, the image evaluation is subjective, is often 
difficult to corroborate on retrospective evaluation, and 
may give irreproducible results, particularly with subtle 
pathology.14 High healthcare turnover units may have 
challenges with the repeatability of findings utilising this 
modality.

The chest computed tomography (CT) scan is the gold 
standard investigation for pneumothorax detection, with a 
sensitivity and specificity approaching 100%.5,15 The CT 
scan produces objective and reproducible results and has 
the distinct advantage of identifying other thoracic and 
upper abdominal injuries. Appropriate use of chest CT 
scans in trauma patients has increased, partly due to the 
low sensitivity of the supine CXR and the subjectivity of 
the bedside ultrasound scan. However, the chest CT scan is 
associated with relatively high-doses of radiation and higher 
costs,16,17 with minimal benefit in those who do not require 
a chest CT scan.

Background: The trauma-related pneumothorax is a common intrathoracic injury and can go undetected with detrimental 
outcomes. Chest computed tomography (CT) investigation in low- to middle-income countries (LMIC) is not always 
readily available during emergency situations and increased workloads. However, alternative investigations all have 
limitations in including pneumothoraces. Patients may have trauma indications for CT of the head and neck. The neck 
CT scan may hold an extra potential advantage in pneumothorax detection. This study aimed to assess its sensitivity in 
pneumothorax detection in nonpenetrating trauma.
Methods: A retrospective study was conducted from 1 January 2016 to 31 December 2021. All adult patients sustaining 
nonpenetrating injuries, and investigated with chest and neck CT scans were included. The chest CT scan was the gold 
standard against,which the neck CT scan was compared to determine the accuracy of pneumothorax detection. Stata 
version 16 was used for descriptive statistical analysis, and a p-value of 0.05 was considered statistically significant.
Results: One thousand ninety three were eligible for evaluation; 204 (18.66%) pneumothoraces were detected on chest 
CT scans, 200 (98.0%) of which were also detected on the neck CT scan, producing a sensitivity of 98.0% (95% CI 
95.1–99.5%) and a specificity of 100% (95% CI 99.6–100%). Most pneumothoraces were detected at T1 level (45.09%), 
followed by T2 (43.62%).
Conclusion: The neck CT scan has demonstrated high sensitivity and specificity in pneumothorax detection. Thus, it may 
be used as an additional tool for those who could not receive or do not need a formal chest CT but have an indication for 
neck CT scans. 
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A CT scan of the head and neck is performed in many 
patients sustaining blunt trauma to the head, neck, and chest 
to evaluate the bony structures and assess for blunt cerebral 
vascular injury, thus requiring visualisation of the aortic 
arch. The axial slices of the neck CT scan conventionally 
extend to T4 level18 at the level of the aortic arch. They 
could be used to evaluate the cephalad portion of the thorax 
for pneumothoraces with more sensitivity and specificity 
than a supine CXR or a cervical spine CT scan and more 
objectivity than an ultrasound scan, but without extending 
to a chest CT scan in patients not requiring the additional 
imaging. The outcome of this investigation may prompt an 
intervention, such as insertion of an intercostal drain, further 
investigations or cautious observation.

Ball et al. noted that most pneumothoraces in supine 
patients were located in the anterior pleural space.7,11 
Logically, air would accumulate in the most anterior part of 
the pleural space due to its density relative to the adjacent 
pleural contents. However, when assessing hundreds of 
chest CT scans in our trauma unit, we observed that nearly 
all pneumothoraces were detected in the cephalad portion 
of the thorax at levels T1–T2 and not usually in the anterior 
pleural space (Figure 1). Most of the pneumothoraces we 
detected could be seen in the standard protocol neck CT 
scan, which extends to the aortic arch (Figure 1). 

The availability of radiologists is not always guaranteed, 
and clinicians have had to learn to interpret basic radiology 
to provide therapeutic interventions during emergencies. 

We hypothesised that the neck CT scan could be an accurate 
modality of diagnosing pneumothoraces, thus adding an extra 
window to evaluate the injured. The study aims to evaluate 
the sensitivity of neck CT in assessing pneumothoraces in 
nonpenetrating trauma patients presenting at a busy trauma 
unit in Charlotte Maxeke Johannesburg Academic Hospital 
(CMJAH) in South Africa.

The primary objective was to compare the detection of 
pneumothoraces on neck CT with chest CT. A secondary 
objective was to evaluate the detection of pneumothorax of 
neck CT with supine CXR.

Methods
A descriptive retrospective study was conducted at CMJAH 
between 1 January 2016 and 31 December 2021.

The chosen facility houses an equivalent Level 1 trauma 
centre, seeing more than 16 000 trauma patients annually.19 
The data was gathered from the IntelliSpace PACS (Picture 
archiving and communication system) Enterprise version 
4.4 radiological database. All patients aged over 18 years 
sustaining nonpenetrating trauma to the head, neck, or torso, 
investigated with a neck CT scan and a separate chest CT 
scan, and with images reported on by a consultant radiologist 
were included. Demographics (including age and sex) and 
the mechanism of the blunt trauma were documented. The 
"other" category was created to encompass infrequently 
encountered blunt injury mechanisms, such as a gate or 
boulder falling on a patient, train surfing or motorbike 
collisions.

The radiology reports were evaluated to identify the trauma 
mechanism and to obtain patient demographics. These 
reports additionally provided independent confirmation of 
a pneumothorax in the chest CT scan. We then compared 
the radiological images of the neck CT scans with those 
of the chest CT scans in the group of patients confirmed to 
have pneumothorax in the radiologist’s report. We compared 
whether the pneumothorax observed on the chest CT scan 
could be detected on the independent neck CT scan. Neck CT 
scans that extended below the T4 level were excluded from 
further analysis as they would overestimate the findings. 
Our protocol allows neck scans for the spine or soft tissues 
to extend past T1 towards the T4 level. 

Using the axial, coronal, and sagittal views of the neck 
and chest CT scans, as well as the marking tools available 
on the IntelliSpace PACS Enterprise version 4.4 radiological 
software, we confirmed the presence of a pneumothorax 
using the lung window. We marked the most cephalad 
portion of the collapsed lung. By alternating with the bone 
window while maintaining the location of the pneumothorax, 
we identified the thoracic vertebral level at which most 
pneumothoraces could be detected.

The secondary objective was to compare the neck CT 
with spine scan findings to the CXR. To achieve this, we 
reviewed the CXR images performed on the same day as 
the neck CT scan. In the group of patients, in which the CT 
scan demonstrated a pneumothorax, we assessed the CXR to 
confirm whether the pneumothorax detected on the neck CT 
scan was also detected on the CXR (Figure 2). 

a b

Figure 1: Examples of apical pneumothoraces. 
Image a – examples of the most frequent locations of pneumothoraces in this study, which were detected most frequently in the 
T1 and T2 thoracic levels. Image b – demonstrates the apical location of the pneumothorax. Image b demonstrates a small 
pneumothorax that was only detectable in the apical region.
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Statistical analysis
Key data points were analysed using the Stata statistical 
package edition 16.0, which included specificity, sensitivity, 
and positive and negative predictive values. Normally 
distributed data were reported as means and compared using 
the Shapiro-Wilk test. Categorical variables were analysed 
with Fisher’s exact test. A comparison of positive and 
negative outcomes was performed using the chi-square test. 
The accepted level of significance was a p-value of < 0.05.

Results
A total of 1699 patient reports and radiological studies were 
reviewed. Of these patients, most were male (81%, 1368/1699; 
Table I). The median age was 33 years (96% confidence 
interval [CI] 28–39); this median age is representative of the 
study population.19,20 The most common trauma mechanism 
was motor vehicle collisions (MVC), accounting for 39.85% 
of all trauma mechanisms, followed by pedestrian-vehicle 
accidents (PVA), accounting for 28.96% of injuries and 
fall from heights (FFH), accounting for 20.36% of injuries. 
Blunt assault comprised 5.83% of all trauma mechanisms. 
All patients were investigated with chest and neck CT scans. 
These investigations were performed simultaneously as part 
of a pan CT scan and uploaded as individual components; 
the neck CT scan was separately uploaded to the chest CT 
scan (Table I).

Of the 1699 patients assessed in this data series, 606 
(35.6%) had neck CT scans that extended beyond the 
T4 level (Figure 3). We believed these CT scans were 
unrepresentative of the standard neck CT scan guidelines18 

and would skew the results, so this data was excluded from 
the study. Of the 1093 patients who could be evaluated, most 
neck CT scans extended to the T4 level (52.61%), followed 
by the T3 level (40.35%); 6.22% of neck CT scans extended 
to the T2 level and 0.64% to the T1 level.

On chest CT scans, 204 (18.66%) pneumothoraces were 
detected. Of the 204 pneumothoraces observed on chest CT 
scans, 200 (98.0%) were also detected on neck CT scans. 
The neck CT scan had a sensitivity of 98.0% (95% CI 95.1–
99.5%), a specificity of 100% (95% CI 99.6–100%; Table II), 
and a p-value of 0.1250, indicating no significant difference 
between chest and neck CT scans in pneumothorax detection.

Most pneumothoraces were detected at T1 level 
(45.09%), followed by T2 (43.62%), and a small fraction of 

a b

Figure 2: Comparison between a chest x-ray and a CT scan neck in detecting pneumothoraces. 
Image a – supine CXR showing the subtle shift in the mediastinum, suggesting pathology, but the pneumothorax is not easily 
detected.  Image b – an axial CT scan of the same patient at the level of the aortic arch, demonstrating a large pneumothorax.

Table II: Neck CT scan compared to chest CT scan and neck CT to chest x-ray

Neck CT scan compared chest CT scan Neck CT scan compared to chest x-ray

95% confidence interval 95% confidence interval

Prevalence 18.7% 16.4–21.1%

Sensitivity 98.0% 95.1–99.5% 23.0% 20.1–26.1%

Specificity 100.0% 99.6–100.0% 94.3% 91.0–96.6%

ROC area 0.99 0.98–1.00 0.59 0.57–0.61

Positive predictive value 100.0% 98.2–100.0% 91.5% 86.7–95.0%

Negative predictive value 99.6% 98.9–99.9% 31.5% 28.4–34.6%

Table I: Demographic information and mechanism of the trauma of 
patients

n %

Sex Total 1699 100%

Female 331 19%

Male 1368 81%

Trauma mechanism Total 1699 100%

MVC 677 39.85%

PVA 492 28.96%

FFH 346 20.36%

Assault 99 5.83%

Other 85 5.00%
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pneumothoraces was detected at levels T3 (7.84%) and T4 
(1.96%).

The secondary objective of this study was to determine 
how the neck CT scan compared to the supine CXR in 
pneumothorax detection. Of the 1093 patients evaluated, 
all had CXRs. Of the 200 pneumothoraces detected on CT, 
all had CXRs performed in the supine position. Of the 200 
patients with pneumothoraces on neck CT scans, 17 also had 
pneumothoraces on supine CXRs, producing a sensitivity of 
23% (95% CI 20.1–26.1%). Notably the CXR had a positive 
predictive value of 91.5% (95% CI 86.7–95%; Table II). This 
data supports the hypothesis that the CT scan of the neck 
is a sensitive and specific tool in detecting pneumothoraces 
and demonstrates the positive predictive value of the supine 
CXR in detecting pneumothoraces.  

Discussion
While evaluating the utility of the neck CT scan in 
pneumothorax detection, Ball et al. concluded that this 
modality was sufficiently accurate to confidently exclude 
all pneumothoraces, not only occult ones.7,11 However, this 
finding was disputed by Akoglu et al., whose data revealed 
that the neck CT scan, which conventionally extends to the 
T1 level, can miss up to 26% of patients with trauma-related 
occult pneumothoraces.18,20 The data from this research 
revealed that a CT scan performed to the T1 level could 
detect as much as 45.09% but miss the remaining 54.91%.

Based on our preliminary analysis of chest CT scans 
in trauma victims, our hypothesis confirmed that most 
pneumothoraces were detected cephalad to T4 level. 
Akoglu et al. highlighted that institutions use different CT 
scan protocols when performing CT scans of the C-spine. 
Ensuring that the protocol extends to the T4 level would 
enhance the detection rate of pneumothoraces. This is true 
for contrast neck CT scans where the aortic arch must be 
included to allow visualisation of the origin of the cerebral 
circulation; therefore, most scans will extend caudally to but 
should not extend cephalad to the T4 level.

Our study used the standard radiology recommendation 
for a CT scan of the neck and soft tissue extending through 
the aortic arch, usually at thoracic level T4. Contrary to the 
report by Akoglu et al., we found that most pneumothoraces 
occurred in the most cephalad portion of the thorax and 
not in the anterior pleural space in supine patients.20 We 
discovered that most pneumothoraces could be detected 
with a CT scan extending to the T4 level with a sensitivity 
approaching 100%.

The data additionally confirmed previous data revealing 
the inaccuracy of supine CXR in pneumothorax detection. 
This investigation confirmed the superiority of the neck CT 
scans extending to the T4 level in pneumothorax detection 
compared to supine CXR and CT scans performed to the T1 
level. The data revealed that supine x-ray has a high positive 
predictive value but low sensitivity in pneumothorax 
detection. This is in keeping with trauma studies and 
emphasises the challenges of getting erect CXR in trauma 
patients.21,22 Occult pneumothoraces were in 77% of those 
evaluated with CXR which was lower than reported by 
Omar.10

There is a disproportionate amount of penetrating trauma in 
South Africa, however this study focused on nonpenetrating 
head neck and torso trauma, with the objective to assess 
whether a CT scan of the neck, which would be done as 
part of an investigation for blunt cerebral vascular injury, 
could also identify most pneumothoraces. This hypothesis 
was based on the preliminary evaluation of CT scans, during 
which it was noted that most of the pneumothoraces that 
were detected were seen proximal to T4 level. The study 
findings are unlikely to alter management protocols because 
the CT scan chest provides additional important information 
with relatively little additional cost and is performed as part 
of a panscan.

The strength of this study lies in the simplicity of its 
methodology. It is easily reproducible, and future studies 
can be performed to expand further the clinical utility of 
all our current radiological studies. Future research can be 
conducted using a similar methodology to corroborate the 

1 699
Total chest CT and neck CT scans in 

blunt trauma

1 093 (64.3%)
CT chest and accompanying neck CT 

scans up to level T4

200 (98.0%)
Pneumothorax detected on neck CT

889 (81.34%)
No pneumothorax detected on chest CT

606 (35.6%)
CT chest and accompanying neck CT 

scans lower than T4

4 (1.96%)
Pneumothorax undetected on neck CT

204 (18.66%)
Pneumothorax detected on chest CT

Figure 3: Flow diagram illustrating the distribution of patients included in the study.
A total of 1093 patients investigated with neck and chest CT scans satisfied the inclusion criteria; 204 pneumothoraces were 
detected by chest CT scans.



22South African Journal of Surgery 2024;62 The page number in the footer is not for bibliographic referencing

findings of this research and explore the accuracy of the 
neck CT scan in detecting other pathologies traditionally 
investigated with a chest CT scan, such as haemothoraces.

Limitations of the study
This is a retrospective study from a single institution with 
the potential for bias. The ability and ease to view CT 
scanners on a monitor in this unit may not be transferrable 
to other units. Access to a functional PACS may not be 
available to all units. The findings may not apply to patients 
with extensive chest adhesions, as adhesions may hamper 
the pneumothorax distribution.

Conclusion
The neck CT scan is a sensitive investigation for detecting 
pneumothoraces; 98% of pneumothoraces can be detected 
using this investigation, provided that the neck CT protocol 
extends to T4. Although the supine CXR has low sensitivity 
in pneumothorax detection, it may still have a role as 
an adjunct due to its high positive predictive value. In 
patients sustaining nonpenetrating trauma and investigated 
with a neck CT scan, this investigation could minimise 
the possibility of a missed pneumothorax. The findings, 
however, should not negate the need for a chest CT scan in 
cases where it is clinically indicated.
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