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Conclusion  Asymptomatic patients with penetrating chest 
trauma, negative initial PA CXR, no signs of intoxica-
tion, and no deterioration during the first hour of observa-
tion may be considered for discharge. Further evidence is 
required to make recommendations based on these findings.
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Introduction

Penetrating thoracic trauma may be present with multiple 
immediate threats to patient survival. Prompt recognition 
and treatment of life-threatening injuries is critical in mini-
mizing morbidity and mortality. Injuries may occur to pul-
monary parenchyma, heart, tracheobronchial tree, esopha-
gus, great vessels, or thoracic duct [1]. The vast majority of 
traumatic pulmonary injuries can be treated nonoperatively 
or with tube thoracostomy alone. The main indications 
for operative intervention are hemorrhage or large airway 
injury [2].

Although there is no question that advanced imaging 
provides superior resolution and diagnostic capability, there 
is still great utility in plain x-rays for rapid assessment of 
penetrating injuries to the chest [3]. The Advanced Trauma 
Life Support (ATLS) guidelines of the American College of 
Surgeons (ACS) include routine Chest X-Ray (CXR) in the 
adjuncts to primary survey section of trauma patient evalu-
ation [4]. Although studies have shown higher sensitivity 
for Chest Computed Tomography (CCT) and Extended 
Focused Assessment by Sonography in Trauma (E-FAST) 
than plain CXR for pneumothorax (PTX) detection, per-
forming CXR still remains the mainstay of initial evalua-
tion and decision making for stable patients with penetrat-
ing trauma in many centers [5–7]. The presence of occult 
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PTX, defined as recognizable PTX in CCT not identified 
by plain CXR, is shown to have little impact on clinicians’ 
decision making in many studies [8–10].

The incidence of PTX following chest trauma varies 
from 15 to 50  % [11]. After the initial negative CXR in 
penetrating chest trauma, the patient can be safely observed 
and a second CXR should be performed after a period of 
3 h based on current recommendations. If clinical suspicion 
is not high and both CXRs are negative, the patient could 
be safely discharged after 3 h [12, 13]. However, a recent 
study has brought this 3 h period into question, raising the 
possibility that even a 1 h interval between the first nega-
tive CXR and the second film may be sufficient for clear-
ance of patients with penetrating trauma in which a low 
clinical suspicion for PTX exists [14]. This cross sectional 
study was designed and performed for further evaluation of 
such a possibility in this group of patients. In this study we 
aimed to answer the following questions: (1) is there any 
difference between CXRs performed at hours 1 and 3 after 
a penetrating chest trauma in diagnosis of PTX? (2) Can 
asymptomatic patients with penetrating chest trauma be 
discharged safely after a negative CXR at hour 1 instead of 
hour 3?

Methods

Study design

This descriptive cross-sectional study was performed on a 
convenience sample of patients with penetrating trauma to 
the chest who were referred to Bahonar Hospital in Ker-
man, Iran. Bahonar Hospital, an academic level 1 trauma 
center, has an annual Emergency Department (ED) census 
of approximately 70,000 and is the main referral trauma 
center in Kerman, a city with a population of nearly 1 mil-
lion in the southeast of Iran.

Patient management in Bahonar Hospital

Management of patients with penetrating trauma to the 
chest in our center begins with routine patient transfer to 
the critical care unit followed by patient assessment using 
ATLS guidelines. After the primary survey, if the condi-
tion of the patient permits, the first Postero-Anterior (PA) 
CXR is performed in an upright position in deep inspira-
tion, followed by the second CXR after 3 h, given the first 
one reveals no abnormality requiring intervention. Both 
analog and digital systems are used in our center. In the 
study period, however, we used only the analog system 
for the study. CXRs in expiration are scarcely taken in our 
center, only if the routine protocol is interpreted as normal 

and the clinical suspicion is high. In such cases, however, 
most physicians prefer to perform a CT scan. If there is no 
evidence of PTX or other important abnormalities and the 
clinical impression implies no serious problem (including 
considerable symptoms, high risk for diaphragmatic injury, 
etc.) the patient will be discharged with a written warning 
sheet from the ED after 3 h. Proper wound care (dressings, 
sutures, oral or topical antibiotics) is done before discharge 
depending on the case. A surgery clinic follow-up visit is 
organized and recommended for all patients.

Study population and protocol

A convenience sample of asymptomatic patients with iso-
lated penetrating trauma to the chest admitted to Bahonar 
Hospital ED between 1 December 2012 and 30 November 
2013 with a negative initial CXR regarding PTX or other 
life threatening conditions comprise our study popula-
tion. We defined “asymptomatic” as having no symptoms 
regarding PTX such as shortness of breath or chest pain 
(excluding a mild to moderate local pain restricted to the 
wound) [11]. Data collection was performed prospectively 
for all patients. Exclusion criteria were defined as more 
than 1  h interval between trauma and presentation to the 
ED, evidence of abdominal penetration (e.g. free fluid in 
the FAST exam or abdominal tenderness), thoracostomy 
by chest tube or needle during the first 3 h of presentation 
at the discretion of surgical managing team (e.g. because 
of severe dyspnea, marked decreased breath sounds, or 
hemodynamic instability), signs of intoxication by alcohol 
or drugs with unreliable symptoms, CCT performed in the 
first 3 h at the discretion of managing team, and patients’ 
refusal to participate in the study.

The collector of cases in this study was a resident of 
Emergency Medicine (Post Graduate Year 3), acting as an 
observer except for organizing an additional CXR 1 h after 
the first one (the presenting time or hour 0 CXR). By taking 
patients’ informed consents (or their legal caretakers in case 
of patients under 18) to participate in the study (see Com-
pliance with Ethical Requirements) after the initial negative 
CXR, the following radiographs were performed in hours 1 
and 3. All of the 3 CXRs (hours 0, 1, and 3) were evaluated 
by a resident of radiology before discharge and a board 
certified attending physician of radiology (a single person) 
after discharge, both were blinded to our study objectives, 
patient names, and the hour the radiographs were taken in. 
The radiology attending physician’s reports were set as the 
final diagnosis. The agreement among the managing team, 
radiology resident, and the attending physician of radiol-
ogy for each case was also documented. A 24 h follow up 
by phone call was done for each patient after discharge in 
addition to documentation of surgery clinic records.
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Results

Of 134 patients with penetrating chest injuries, a total of 
68 patients were enrolled in the study period (Fig. 1). The 
mean (SD) age was 25.6 (7.4), with minimum of 15 and 
maximum of 68 years. Only 1 patient was female and only 
1 patient was under 18 years of age. For 12 (17 %) patients, 
there were more than one wound, 8 of which were in the 
upper limbs and none were limb or life threatening. As a 
total, there were 75 thoracic wounds in 68 patients. All 
injuries were caused by stab wounds (Table 1).

The mean (SD) time from admission to the first CXR 
(hour 0) was 17.9 (9.8) min. CXRs for hours 1 and 3 were 
done after a mean (SD) time of 63.2 (15.7) and 184.9 
(7.7) min from admission, respectively.

Regarding PTX, all patients included in the study had 
negative CXRs in hours 1 and 3: there was 100 % compat-
ibility among CXRs in hours 1 and 3 in all asymptomatic 
patients with negative entrance time CXR, no evidence of 
abdominal penetration, and no clinical deterioration in the 
observation period. Two patients underwent tube thora-
costomy in the first hour of ED arrival at the discretion of 
surgical managing team (Fig. 1). All symptomatic patients 
requiring intervention developed the symptoms in the first 
hour of ED arrival, and all cases diagnosed with PTX in 
CXR revealed the diagnosis in the entrance time CXR 
(hour 0).

We had the report of radiology resident before discharge, 
but we also matched all the reports and diagnoses with 
the report of radiology attending physician after patient’s 
discharge. Except for two cases with small volume pleu-
ral fluid (probably hemothoraces), no disagreement was 
observed among the attending physician of radiology, radi-
ology residents, and the management team including sur-
geons and emergency physicians (Table  2). There were, 
however, some abnormalities reported only by the radiolo-
gist; none of them were considered by the surgical team to 
alter the treatment strategy. These included the following: 
parenchymal calcification (two cases), aortic arch calci-
fication (three cases), pulmonary hilar vessels engorge-
ment (three cases), pulmonary congestion (five cases), and 
hyperaerated lungs (12 cases).

For each patient, a follow up phone call was performed 
24 h after discharge. Unfortunately, only 55 patients were 
available for follow up, none of them reported any prob-
lems after discharge. No readmissions for these patients 
were recorded in the admission system of hospital 1 week 
after patients’ discharge (admission systems of hospitals 
are not inter-connected in Iran). According to the surgery 
post-op clinic records, 46 patients attended for a post-op 
visit or suture removal, none of them showed complica-
tions. Overall, 11 patients were totally lost for follow up.

Discussion

A complete concordance between the first and third hour 
radiographs in all patients with no initial symptoms, nega-
tive initial (entrance time) CXRs, no clinical deteriora-
tion during the 3  h follow up period, and no evidence of 
abdominal penetration is the main result of this study. As 
mentioned earlier, current recommendations in the workup 
for penetrating trauma to the chest include two CXRs 3 h 
apart; one at the entrance time and one 3 h later [12, 13]. 
A few decades ago, the evidence in the literature reported 
delayed occurrence of PTX and HTX, yielding the recom-
mendation of at least a 6  h follow- up in both blunt and 
penetrating trauma patients [15, 16]. More recent evidence, 
however, decreased this period to 3 h in penetrating trauma, 
but the recommended follow up time for PTX in blunt 
trauma is still 6  h based on the current evidence [11]. In 
2013, Berg et al. [14] evaluated a 1 h follow up period for 
asymptomatic patients with penetrating chest trauma. They 
found two cases (2.6 %) of delayed PTX in the third hour 
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CXR, both of them were successfully managed without 
observation. They concluded that a 1 h period of observa-
tion may be sufficient for asymptomatic patients with pen-
etrating chest trauma.

In the present study, the incidence of PTX in penetrating 
trauma patients at the ED presentation time was 24 % (33 
of the initial 134 patients). When added to the 1 PTX and 
2 hemopneumothoraces found in CCT, one may conclude 
that the incidence of PTX in the first hour of ED arrival was 
26.8 % in this study. The two patients underwent tube thora-
costomy at the discretion of surgical team were considered 
as unknown diagnoses, because there was no documentation 
on air egress during pleural penetration by the surgical team. 
After the documented findings in the first hour of patients’ 
arrival, there was no additional event in the asymptomatic 
study group. In other words, we did not find any delayed 
event in the patients who were asymptomatic and remained 
so in the observation period. This discrepancy between 
our study and the study performed by Berg et  al. can be 
explained by the initial method of standing PA CXR instead 
of a supine Antero-Posterior (AP) one, enabling us to detect 
probably all the abnormalities found in the second CXR 
(hour 1) in that study at ED entrance time (hour 0). In con-
trast to Berg et al., we did not find any additional abnormali-
ties in the 3rd hour CXR; fortunately, those PTX cases found 
in the 3rd hour in that study did not need any intervention.

Using the analog system to obtain CXRs was another 
difference between our study and the recent published ones 
which may be considered to be responsible for the discrep-
ancies in the results. In fact, we had the facility of digital 
radiography in our center except for the first 3 months of 
this study due to a technical problem. Although the digital 
systems are proven to be faster and more cost effective than 

the analog ones, there is no difference between the accu-
racy of digital and analog systems in the literature [17–19]. 
As a result, we decided to continue the research with the 
analog system.

The high number of patients who refused to take part 
in the study (13 cases) limited our study population size. 
Patients underwent tube thoracostomy without a specific 
diagnosis, intoxicated patients with unreliable symptoms, 
those with CCTs performed in the first hour, and those pre-
sented more than 1 h from trauma added to this limitation. 
We could not find a considerable number of patients in the 
phone call follow up or post-op clinic (11 patients), but 
since Bahonar Hospital is the only trauma center in Ker-
man and there was no recorded readmissions 1 week after 
trauma, the incidence of complications may be concluded 
to be low or zero. Although we performed our data collec-
tion in a prospective manner, the final evaluation of CXRs 
by the attending physician of radiology after discharge of 
the patients contributes a retrospective part to our method. 
However, no disagreement was found between radiology 
residents and the attending physician in critical diagnoses 
important to our management.

As a conclusion, asymptomatic patients with penetrat-
ing chest trauma with negative initial PA CXR, no signs 
of intoxication, and no deterioration during the first hour 
of observation may be considered for discharge based on 
our study results. This conclusion should not be used as a 
recommendation in this step because this is an exploratory 
study and there is a more conservative approach which is 
currently advised based on previous reports in the litera-
ture. If approved by future studies, however, the proposed 
approach can be helpful in managing a busy ED with less 
crowding of patients being observed.

Table 1   Characteristics of the 
wounds

All wounds were stab wounds
a  Total number of thoracic wounds in 68 patients

Intercostal space 2nd 3rd 4th 5th 6th 7th 8th 9th Total

No. (%) of wounds

Front 10 (23.3) 7 (9.25) 3 (4) 2 (2.6) 1 (1.3) 0 (0) 0 (0) 0 (0) 23 (30.6)

Back 3 (4) 7 (9.25) 12 (16) 15 (20) 5 (6.6) 8 (10.5) 1 (1.3) 1 (1.3) 52 (69.4)

Total 13 (17.4) 14 (18.5) 15 (20) 17 (23) 6 (8) 8 (10.5) 1 (1.3) 1 (1.3) 75a

Table 2   Agreement among managing team, radiology resident, and attending physician of radiology regarding pneumothorax and hemothorax

PTX pneumothorax, HTX hemothorax

Managing team versus radiology 
resident

Managing team versus attending 
physician of radiology

Attending physician of radiology 
versus radiology resident

No. (%) of cases in agreement 
regarding PTX

68 (100) 68 (100) 68 (100)

No. (%) of cases in agreement 
regarding HTX

66 (97) 66 (97) 68 (100)
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Compliance with ethical standards 

This study was approved by the Institutional Review Board of Kerman  
University of Medical Sciences and performed in accordance with dec-
laration of Helsinky. Since this study involved a single CXR in addi-
tion to the standard of care (the hour 1 CXR), a statement was added 
to the consent form of the patients, including the translation of the 
following announcement into Persian: “This study involves radiation 
exposure from a chest X-ray. As part of everyday living, everyone is 
exposed to a small amount of background radiation that comes from 
the environment you live in. The radiation dose you will receive in 
this study is about the amount that you receive over 3 days from back-
ground radiation. The risk from this dose is small. This radiation expo-
sure is not necessary for your medical care but is necessary to obtain 
the research information desired.”
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