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ABSTRACT 
Introduction: Chest trauma has a high incidence and pneumothorax is the most frequent finding. The literature is 

scarce on what to do with asymptomatic patients with pneumothorax due to penetrating chest trauma. The aim of this 
study was to evaluate what are the findings of the control radiography of patients with penetrating chest trauma who are 
not initially taken to surgery, and their usefulness in determining the need for further treatment. Methods: A retrospec-
tive cohort study was performed, including patients older than 15 years who were admitted for penetrating chest trau-
ma between January 2015 and December 2017 and who did not require initial surgical management. We analyzed the 
results of chest radiography, the time of its acquisition, and the behavior decided according to the findings in patients 
initially left under observation. Results: A total of 1,554 patients were included, whose average age was 30 years, 
92.5% were male and 97% had a sharp weapon wound. Of these, 186 (51.5%) had no alterations in their initial X-ray, 
142 had pneumothorax less than 30% and 33 had pneumothorax greater than 30 %, hemopneumothorax or hemothorax. 
Closed thoracostomy was required as the final procedure in 78 cases, sternotomy or thoracotomy in 2 cases and dis-
charged in 281. Conclusion: In asymptomatic patients with small or moderate pneumothorax and no other significant 
lesions, longer observation times, radiographs and closed thoracostomy may be unnecessary. 
Keywords: Thoracic Trauma; Pneumothorax; Diagnosis; Imaging; Thoracic Radiography; Conservative Treatment 

ARTICLE INFO 

 
Received: 2 May 2021 
Accepted: 20 June 2021 
Available online: 30 June 2021 

COPYRIGHT
 

Copyright © 2021 by author(s).  
Imaging and Radiation Research is pub-
lished by EnPress Publisher LLC. This 
work is licensed under the Creative Com-
mons Attribution-NonCommercial 4.0 
International License (CC BY-NC 4.0). 
https://creativecommons.org/licenses/by-nc/
4.0/ 
 
 
 
 
 
 
 
 
 

1. Introduction 
Chest trauma occurs frequently throughout the world and is more 

common in developing countries; it accounts for 60% of polytrauma 
cases, with a morbidity and mortality of up to 25%[1]. 

Traumatic pneumothorax is the most frequent finding and consists 
of air accumulation between the parietal and visceral pleura. Its diagno-
sis is made by postero-anterior chest radiography in upright position, 
and the sensitivity in supine position was low (79 Vs. 8%)[2]. 
Pneumothorax is produced by a direct or indirect injury to the thorax, 
which generates a valve mechanism with a seal around the wound in the 
subcutaneous plane, allowing air to enter the pleural space. However, 
the pathophysiology of late pneumothorax or late findings changes, be-
cause they are due to thrombi and adhesions that disintegrate over time, 
allowing late air passage[3,4]. The most frequent anatomical locations are 
anterior, basal and apical[5]. 

The clinical presentation varies widely and it is in high demand 
emergency departments where asymptomatic patients become a dis-
tracting factor, generating the need for periods of observation and addi- 
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tional studies, since it is considered that 2% may 
develop pneumothorax late, for which control radi-
ographs and serial physical examination are need-
ed[6]. The control X-ray is usually taken within six 
hours of the trauma, but in some studies, it has been 
shown that less follow-up time would be sufficient 
without significant risk[7,8]. 

This study was developed in view of the scarce 
literature on the conduct to be followed in asymp-
tomatic patients or with mild findings in the initial 
chest images, the lack of knowledge of the epide-
miological data and the number of lesions diag-
nosed with control radiographs, in addition to the 
lack of information on the local incidence of in-
trathoracic lesions that may manifest late and their 
association with other complications. 

Its purpose was to evaluate the findings of 
control radiography in patients with penetrating 
chest trauma who are not initially taken to surgery 
and its usefulness in determining the need for fur-
ther management. 

2. Methods 
A retrospective cohort study was conducted 

with patients older than 15 years old at the Hospital 
Universitario San Vicente Fundación de Medellín 
from January 2015 to December 2017. 

Inclusion criteria were diagnosis of penetrating 
chest trauma and not requiring initial surgical 
treatment. Patients with hemodynamic instability or 
who had undergone urgent surgery, who requested 
voluntary discharge and who had received ex-
tra-institutional care were excluded. For the search, 
the International Classification of Diseases, tenth 
edition (ICD-10) codes related to chest trauma were 
included. 

The medical records were reviewed and de-
mographic data on age and sex were taken, as well 
as clinical data such as type of wound and location, 
vital signs on admission, time between the trauma 
and the initial X-ray, X-ray findings and other stud-
ies requested, initial behavior, time between the ini-
tial and control X-ray, control X-ray findings and 
final behavior, as well as the need for readmission 
for the same cause and definitive diagnosis. 

The main outcome evaluated was the 

change between the initial and control radiographs, 
with the need for surgical intervention in patients 
initially left under observation. 

The data collected were recorded in an Ex-
cel™ database of Microsoft Office 2013. With 
Stata™ software, version 22, a descriptive analysis 
of the variables, tables and graphs of the results ob-
tained were made. For continuous variables, Ab-
stract measures were used and, for qualitative vari-
ables, absolute and relative frequencies were used. 

3. Results 
A total of 3,543 medical records were ana-

lyzed. A total of 1,989 were excluded for the fol-
lowing reasons: 1,151 patients had blunt trauma, 
141 patients signed a voluntary discharge before 
chest X-ray, 246 patients required emergent surgery 
without previous imaging, 212 patients were revi-
sions, and 10 patients died on admission. The other 
causes of exclusion are listed in Figure 1. In the 
end, 1,554 patients were included. 

The average age was 30 years, the median was 
27 years, with a minimum of 15 years and a maxi-
mum of 93 years (interquartile range from 21 to 36 
years). Of the affected patients, 92.5% were male. 
During the initial evaluation, the mean systol-
ic blood pressure was 120 mm Hg and heart rate 
was 90 beats per minute, with a range from 79 to 
103 (Table 1). 

The most frequent location of the wound was 
in the posterior thorax (44.6%) followed by the an-
terior thorax (30.8%), and 13.8% of the patients had 
multiple wounds. In 97% of the patients, the causal 
object was a sharp weapon; in the remaining pa-
tients, the cause was a firearm projectile wound. 

Half of the patients underwent a chest X-ray 
within the first hour after the trauma and one 
third between one and three hours later. In this first 
X-ray, 993 (63.9%) patients had no abnormal find-
ings, 206 (13.3%) had a pneumothorax less than 
30 %. A pericardial ultrasound was required as an 
additional study in 27.3% of patients, mainly those 
with a previous injury, in order to rule out cardiac 
lesions requiring urgent surgical intervention; the 
rest did not require any additional diagnostic aid. 
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Figure 1. Patients included, exclusion criteria and initial radiographic findings. 

Table 1. Demographic and clinical characteristics of the 1,554 patients included 
Variable n (%) or median (RIC) 
Age 27 (21–36) 
Male 1,437 (92.5) 
Heart rate (beats per minute) 90 (79–103) 
Systolic blood pressure (mm Hg) 120 (109–130) 
Diastolic blood pressure (mm Hg) 76 (67–80) 
Respiratory frequency 18 (17–20) 
Wound location  
Chest, posterior 693 (44.6) 
Chest, anterior 479 (30.8) 
Left thoracoabdominal 79 (5.1) 
Right thoracoabdominal 65 (4.2) 
Zone 1 neck 24 (1.5) 
Multiple wounds 214 (13.8) 
Type of injury  
Sharp weapon 1,508 (97) 
Firearm projectile 46 (3) 

 
With the initial radiography, the need for tho-

racostomy was established in 22% of the cases, 
thoracotomy or sternotomy in 1.3%, and observa-
tion in 23.2%; in addition, discharge was decided in 
46.5% (Table 2). Of the 993 patients with initial 

radiography without hemothorax or pneumotho-
rax, 709 (71.4%) were discharged without addition-
al studies; 186 (18.7%) were left under observation 
and 86 (8.7%) were indicated for clinical observa-
tion and control radiography, but refused treatment 
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and voluntarily withdrew from the service. 
A total of 361 patients were left under obser-

vation, 186 (79.6%) without pneumothorax, 142 
(10.2%) with pneumothorax less than 30%, 2 
(1.1%) with pneumothorax greater than 30%, 5 
(5.4%) with hemopneumothorax and 26 (3.8%) 
with hemopneumothorax less than 300 mL. A con-
trol X-ray was taken in 9 (2.5%) patients during the 
first three hours after the trauma, in 202 (56%) be-
tween three and six hours, and in 150 (41.6%) after 
six hours. 

Of the 186 patients with an initial radiography 
without any finding, 148 (79.6%) remained un-
changed and 161 (86.6%) were discharged, while 
19 (10.2%) presented a pneumothorax less than 
30 % and 19 (10%) presented a pneumothorax 

greater than 30 %, hemopneumothorax or hemo-
thorax, requiring thoracostomy in 25 (13.4%) cases 
due to the finding in the control or for presenting 
symptoms (dyspnea, desaturation) (Tables 3 and 4). 

In the two patients with pneumothorax greater 
than 30%, the finding in the control radiography 
persisted and they were taken to closed thoracosto-
my. Of the five patients with hemopneumothorax, 
one presented radiological improvement without 
intervention, one underwent thoracostomy and four 
were discharged. Of 26 patients with hemothorax 
left under observation, eight required thoracostomy, 
one required sternotomy, and 17 were discharged. 
Of these, pneumothorax was documented in 10, 
hemothorax in 6, empyema in 3, and intervention 
was needed in 7. 

Table 2. Conduct taken with the admission chest X-ray 
Conduct Initial radiographic result Total 

No pneumotho-
rax: 993 (63.9%) 

Pneumothorax 
<30%: 206 
(13.3%) 

Pneumothorax >30%: 
95 (6.1%) 

Hemopneumothorax: 
199 (12.8%) 

Hemothorax: 
61 (3.9%) 

Thoracotomy 3 (0.3) 3 (1.5) - 7 (3.5) 2 (3.3) 15 (1.0) 
Closed thora-
costomy 

7 (0.7) 38 (18.5) 88 (92.6) 179 (90) 30 (49.2) 342 (22.0) 

Sternotomy 2 (0.2) - - 2 (1) - 4 (0.3) 
Note 186 (18.7) 142 (68.9) 2 (2.1) 5 (2.5) 26 (42.2) 361 (23.2) 
Discharge 709 (71.4) 8 (3.9) 1 (1.1) 3 (1.5) 1 (1.6) 722 (46.5) 
Voluntary dis-
charge 

86 (8.7) 15 (7.3) 4 (4.25) 4 (1.5) 2 (3.3) 110 (7.1) 

Table 3. Control radiography results in the group of patients under observation (n = 361) 
Variable No pneumothorax 

186 (79.6%) 
Pneumothorax <30% 
142 (10.2%) 

Pneumothorax >30% 
2 (1.1%) 

Hemopneumothorax 
5 (5.4%) 

Hemothorax 
26 (3.8%) 

No pneumothorax 148 (79.6) 22 (15.5) - - 6 (23.1) 
Pneumothorax <30% 19 (10.2) 81 (57) - 1 (20) 1 (3.9) 
Pneumothorax >30% 2 (1.1) 15 (10.6) 2 (100%) - - 
Hemopneumothorax 10 (5.4) - - 4 (80) 5 (19.2) 
Hemothorax 7 (3.8) 24 (16.9) - - 14 (53.9) 

Table 4. Behavior after control radiography in patients under observation 

Variable No pneumothorax 
186 (79.6%) 

Pneumothorax <30% 
142 (10.2%) 

Pneumothorax >30% 
2 (1.1%) 

Hemopneumothorax 
5 (5.4%) 

Hemothorax 
26 (3.8%) 

Thoracotomy - 1 (0.7) - - - 
Closed thoracostomy 25 (13) 42 (29.6) 2 (100) 1 (20) 8 (30.8) 
Sternotomy - - - - 1 (3.9) 
High 161 (86.6) 99 (69.7) - 4 (80) 17 (65.4) 

 
4. Discussion 

Traumatic pneumothorax is a common inju-
ry, both in blunt and penetrating chest trauma. It 
can become life-threatening, requiring urgent sur-

gical interventions, mainly in symptomatic patients 
with pleural findings, associated injuries or need for 
mechanical ventilation. However, in asymptomatic 
patients, treatment and observation time have been 
controversial. 
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There is no established method for determining 
the exact size of a pneumothorax on radiography. 
Different strategies have been used for this purpose, 
such as Light’s index, Rhea’s method and Collins' 
method. Light’s index consists of measuring the 
diameter of the collapsed lung and the diameter of 
the hemithorax, assuming that the ratio between the 
cube of both measurements correlates with the 
volume of the pneumothorax[9]. In Collins’s meth-
od, as in Rhea’s, three interpleural distances are 
measured, but are related to measurements taken 
with helical computed tomography (CT)[10]. 

In addition to these three classic methods for 
measuring pneumothorax, there are guidelines that 
recommend other parameters for calculating the 
size of the pneumothorax. In 2001, the American 
College of Chest Physicians (ACCP) classified 
pneumothoraces as small or large according to the 
interpleural distance at the pulmonary apex: less 
than or greater than 3 cm, respectively[11]. In 2003, 
the British Thoracic Society (BTS) classified them 
in the same way, but according to an interpleural 
distance at the level of the pumonary hilum, equal 
to or less than 2 cm[12]. To date, there is no interna-
tional consensus on how to determine the size of the 
pneumothorax. In the population under study in this 
report, the Light index was used. 

The incidence of occult pneumothorax var-
ies between 1.8% and 26%, with an average of 5%, 
although up to 64% has been reported in severe 
polytrauma[2,13,14]. Attempts have been made to 
identify risk factors predictive of occult pneumo-
thorax in patients with chest trauma and severe 
trauma. A significant association with subcutaneous 
emphysema was found in 22% of cases. All patients 
with emphysema had an associated pneumothorax, 
open or occult, and these were not found to predict 
other conditions, such as rib fractures or pulmonary 
contusions[3]. 

Attempts have been made to improve the di-
agnosis with additional studies in addition to chest 
radiography. CT and ultrasound have increased 3.5 
times the thoracic findings of nonspecific or insig-
nificant clinical significance, with a sensitivity of 
up to 98.1%. However, evidencing an occult pneu-
mothorax has not generated significant changes in 

the management of many of these cases, different 
from what could be a pneumothorax of up to 30% 
in asymptomatic patients[13,15–17]. In this study, CT 
was used in only 2.3% of cases and subxiphoid ul-
trasound in 27.3%, to evaluate associated cardiac 
lesions, not in search of an occult pneumothorax. 

Currently, there is no consensus on when to 
intervene for occult pneumothorax. For several 
years, Advanced Trauma Life Support (ATLS) 
has been recommending chest tubes to treat pneu-
mothorax[18]. However, conservative treatment for 
these patients has been an option that, although not 
fully recommended due to the high risk of develop-
ing a tension pneumothorax, has been practiced 
over time because the thoracostomy can be morbid 
and cause complications in up to 22–30% of cas-
es[19,20]. In several studies and case reports, it 
has been shown that conservative treatment can be 
effective and the complications of thoracostomy 
can be avoided[1,21,22]. 

Several studies have found that, when the ini-
tial radiograph is negative or normal in cases of stab 
wounds, late pneumothorax is uncommon (2.2%) 
and thoracostomy is required in 1.1% of patients[3,4]. 
Previous series on penetrating chest wounds re-
ported late pneumothorax or hemothorax in 8 to 
12% of cases, and recommended surveillance for up 
to 72 hours[8,23], which would not be practical in our 
setting and, possibly, would not generate significant 
additional impact. 

There is no consensus on when conservative 
treatment is indicated depending on the size of the 
pneumothorax. Some studies suggest that it may be 
effective and safe when the pneumothorax is 10–
15% or less than 2.5 cm of the interpleural space on 
chest radiograph, and recommend observation for at 
least 24 hours[24]. A pneumothorax resorption rate of 
approximately 1.25% per day has been calculat-
ed[18,25–27]. However, there are reports of cases with 
pneumothorax of 30%, treated conservatively 
without complications and with complete resolu-
tion[19] . Based on experience in this type of cases, 
at the Hospital San Vicente Fundación, asympto-
matic patients with isolated pneumothorax of less 
than 30% receive conservative treatment. 

The data suggest that conservative manage-
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ment may be effective in patients without initial 
pneumothorax and with pneumothorax less than 
30%. In this case, 71.4% of the patients without 
initial pneumothorax and 3.9% of those with pneu-
mothorax less than 30% were discharged without a 
period of observation and without readmission; it 
should be taken into account that the former may 
include those with non-penetrating wounds. On the 
other hand, 18.9% of the patients without pneumo-
thorax and 68.9% of those with pneumothorax less 
than 30 % were left under observation; 13.4% of the 
former and 29.6% of the latter required closed tho-
racostomy as definitive treatment, either because of 
changes in the radiological findings, the appearance 
of symptoms or both. 

During this study, more than half (68%) of the 
patients with pneumothorax less than 30% on the 
initial radiograph were left under observation and, 
in 73%, follow-up demonstrated improvement or no 
change from the previous radiograph. In 27% of the 
patients, the pneumothorax increased or was asso-
ciated with hemothorax, and thoracotomy was re-
quired in one and closed thoracostomy in 42 
(29.6%), which corresponded to 32% of the control 
radiographs between 3- and 6-hours post-trauma, 
and 25% of those taken after 6 hours. 

In the present study, a control was taken 3 to 6 
hours after the initial normal radiograph or with 
pneumothorax less than 30%, both findings consid-
ered as criteria for expectant management. In 22.2% 
of these cases (80/361), surgical treatment was re-
quired after the control X-ray. Most (56%) of the 
control studies were taken between the initial 3 and 
6 hours; however, in 15.7% of the patients who had 
to undergo surgery, it was after 6 hours of admis-
sion, which can be explained by the heavy conges-
tion of the hospital emergency department. 

In a descriptive and prospective study it is 
stated that, out of 87 patients under observation, 
only one had to be operated on at 3 hours and, at 6 
hours, there were no changes in the rest of the im-
ages and no further interventions were needed[7]. 
Another study refers to the low incidence of late 
pneumothorax when the initial radiograph is nor-
mal, and the almost zero possibility of pneumotho-
rax developing after 3 hours[28] . 

Increasingly shorter radiographic follow-up 
intervals have been evaluated for injury exclusion 
and safe discharge. Weigelt et al. in a prospective 
study of asymptomatic patients with thoracic stab 
wounds found that 9% developed late hemothorax 
or pneumothorax[6,29]. In selected patients, fol-
low-up with a single radiograph three hours after 
the trauma is suggested, resulting in shorter hospital 
stays and less radiation exposure. 

Other thoracic lesions, such as hemopneumo-
thorax, require surgical treatment due to the risk of 
clotted hemopneumothorax, empyema or failure to 
resolve. In the present study, of the 199 patients 
who presented with hemopneumothorax, 188 un-
derwent surgical procedures, with a total of 179 
(90%) closed thoracostomies. In 20% of cases, 
pneumothorax may be associated with hemopneu-
mothorax[30]. However, asymptomatic patients, with 
a pneumothorax less than 30%, with occult pneu-
mothorax or with hemothorax less than 300 mL, 
could be managed expectantly[31]. 

In this study, we were unable to evaluate the 
economic cost of the observation period and the 
control radiography necessary to generate a poten-
tial change in medical behavior. 

The main limitation of the present study is 
that, being retrospective, we do not have the fol-
low-up of the 722 (46.5%) patients discharged after 
a single initial X-ray, who did not present readmis-
sions or complications in this same institution. In 
the absence of a unified clinical history system and 
the lack of access to health care for this low-income 
population, it is not possible to ensure that they did 
not require any additional intervention in another 
institution. However, it can be considered that these 
patients, as well as those under observation whose 
radiography did not show any change, may not have 
needed it. 

Taking into account that a significant percent-
age of patients who were left under observation 
eventually required closed thoracic surgery, we do 
not intend to change this behavior in the emergency 
department based on the present study. Prospective 
studies are needed to determine the possible results, 
the indicated observation time and the poten-
tial benefit of additional low-risk tests, such as 
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pleural ultrasound examinations. 

5. Conclusion 
Closed thoracostomy in patients with small or 

moderate traumatic neuromothorax, in the absence 
of other significant injuries or need for positive 
pressure, may be unnecessary, as may prolonged 
periods of observation and follow-up radiographs in 
patients with a normal initial radiograph or minimal 
findings. These patients could be safely discharged, 
thus decreasing hospital stay, irradiation and costs 
associated with observation. 
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This study is a retrospective review of clinical 

histories, considered a risk-free study according to 
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consent. The Institutional Ethics Committee ap-
proved the study design and methodology. 
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