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ABSTRACT

BACKGROUND: Pneumothorax (PNX) is the collection of air between parietal and visceral pleura, and collapsed lung develops
as a complication of the trapped air. PNX is likely to develop spontaneously in people with risk factors. However, it is mostly seen
with blunt or penetrating trauma. Diagnosis is generally confirmed by chest radiography [posteroanterior chest radiography (PACR)].
Chest ultrasound (US) is also a promising technique for the detection of PNX in trauma patients. There is not much literature on the
evaluation of blunt thoracic trauma (BTT) and pneumothorax (PNX) in the emergency department (ED). The aim of this study was to
investigate the effectiveness of chest US for the diagnosis of PNX in patients presenting to ED with BTT

METHODS: This study was carried out for a period of nine months in the ED of a university hospital. The chest US of patients was
performed by emergency physicians trained in the field. The results were compared with anteroposterior chest radiography and/or CT
scan of the chest. The APCR and chest CT results were evaluated by a radiology specialist blind to US findings. The evaluation of the
radiology specialist was taken as the gold standard for diagnosis by imaging methods. Clinical follow-up was taken into consideration
for the diagnosis of PNX in patients on whom CT scan was not performed.

RESULTS: Chest US was performed on all two hundred and twelve patients (144 female and 68 male patients; mean age 45.8) who
participated in this study. The supine APCR was performed on two hundred and ten (99%) patients and chest CT was performed on
one hundred and twenty (56.6%). Out of the twenty-five (| 1.8%) diagnosed cases of PNX, 22 (88%) were diagnosed by chest US and
8 were diagnosed by APCR. For the detection of PNX, compared to clinical follow-up and chest CT, the sensitivity of chest US was
88%, specificity 99.5%, positive predictive value 95.7% and negative predictive value 98.4%.

CONCLUSION: Chest US has not superseded supine and standing chest radiography for PNX diagnosis yet in many healthcare cen-
ters, but it is performed by emergency physicians and it is an effective and important method for early and bedside diagnosis of PNX.
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in case of orthopedic injuries, continuing resuscitation and/or
altered state of consciousness.”! In emergency departments,
PNX might be left unnoticed at a rate of 7% to 30% with
supine radiographs.l! The gold standard in the detection of
PNX is computed tomography (CT) scan. However, all trau-
ma patients are not suitable for CT because of its certain
disadvantages (e.g. transfer of critical patients to radiology
department, long period of application, radiation and costs).
B71 Chest ultrasound is a promising technique for the detec-
tion of PNX in trauma patients.l®! Several studies have indi-
cated that US has higher sensitivity and selectivity than direct
radiography for the detection of PNX,2?-!'I and the reliability
of US has been confirmed by CT in some series.['Z

The number of studies, which concentrate only on the detec-
tion of PNX by chest US performed by emergency physicians
in blunt thoracic trauma (BTT) patients, is low,['®! and the
group of patients in these studies is also small. The current
study was designed considering the need for more compre-
hensive studies in the field.

The aim of this study was to prospectively and blindly com-
pare bedside chest US with other diagnostic methods (APCR,
chest CT) in order to evaluate its effectiveness in the diagno-
sis of PNX in patients presenting to ED with BTT.

MATERIALS AND METHODS

In this single-blind, prospective, clinical study, we compared
US, APCR and CT scan of the chest, used for the diagnosis of
PNX in patients presenting to ED with BTT.

The study was carried out in the emergency department of a
university hospital — a tertiary healthcare institution — with an
annual patient number of approximately 50,000 after it was
approved by the ethics committee of the university.

All patients aged 18 and over presenting to the ED with BTT,
for whom chest imaging was considered as a requirement by
the emergency physician, were included into the study after
they read and signed the “Patient Information Form” and “Pa-
tient Consent Form”. When the patients lacked the capacity
to consent when they had altered state of consciousness, we
relied on an authorized surrogate for consent. The indica-
tions of chest imaging are shown in Table |. The patients
excluded from the study were those who were below [8,
did not sign the informed consent form, were diagnosed with
subcutaneous emphysema or tissue loss in the US scan, had
already been diagnosed with a lung disease (pleural adhesion,
pulmonary fibrosis, acute respiratory distress syndrome, bul-
lous emphysema) and were immediately taken to surgery
room due to a life-threatening condition and/or did not un-
dergo chest imaging (US, APCR or chest CT).

The study was carried out between 15 May 2009 and 15
March 2010. For this study, Sonosite 5000 series portable
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Table I. Chest imaging indications in blunt thoracic trauma

a) Altered state of consciousness

b) Respiratory distress

c) Shortness of breath

d) Hypoxia-Cyanosis

e) Decreased or coarse respiratory sounds and/or lack of
respiratory sounds

f) Subcutaneous emphysema

g) Krugman

h) Ecchymosis, deformity, tissue loss and lack of sensitivity in
chest wall

i) Pain and pressure in chest when breathing

j) Tracheal deviation, distension in neck veins

USG device and 7.5 MHz linear probe were used. The pa-
tients were examined in supine position. The US probe was
placed longitudinally, on the front chest wall in hemithoraces,
2M-4* intercostal space on the midclavicular line (Fig. 1) and
4%-8" intercostal space on the midaxillary line. The probe
was moved longitudinally in order to identify the acoustic
shadow of two adjacent ribs and the location of intercostal
plane on the real-time image. The hyperechogenic pleural line
between the shadows of two ribs was detected (Fig. 2a). The
criteria accepted to prove the presence of PNX were taken
into consideration in the evaluation: non-presence of pleural
sliding, lack of comet tail artifact, lack of seashore sign in M-
mode and presence of stratosphere sign (Fig. 2b). Patient de-
mographics, duration of tests and test results were recorded.

Following the initial physical examination, the patients under-
went chest US performed by an emergency physician trained
in chest ultrasonography. Three emergency physicians took
part in this study. Later; in accordance with their clinical con-
ditions, the patients underwent supine APCR and/or chest
CT.

In cases where PNX was detected and the patients were not
clinically stable, needle thoracostomy (NT) and/or tube tho-
racostomy (TT) was performed. The presence of air bubbles
in underwater drainage was considered as an evidence for
PNX. In these patients, chest tube was deemed the gold stan-
dard. CT scan was performed in patients who had indications
of thoracic trauma.

The patients who were diagnosed with PNX but were clinical-
ly stable underwent APCR in supine position. In cases where
PNX was detected in APCR and the patients were clinically
instable, needle thoracostomy (NT) and/or tube thoracosto-
my (TT) was performed. Chest US was performed in patients
who developed indications. Chest CT was performed in the
cases where PNX was detected in APCR and the patients

367



Kaya et al. Radiological evaluation of pneumothorax for blunt thoracic trauma

were clinically stable. Chest CT was also performed in cases
where chest US indicated PNX but APCR did not show PNX
and the patient was clinically stable.

APCR was performed in cases where US did not indicate
PNX but the patients had suspected PNX. In cases where
PNX was detected and indicated as a result of APCR, NT

Plevral Line

Figure 2. (a) Pleural US image between two ribs. (b) Pleural US
image (M-mode and presence of stratosphere sign).
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Figure 1. Longitudinalexamination of front chest wall (2"—4 intercostal space on the midclavicular line).

Y

and/or TT was performed. In accordance with the clinical
conditions of these patients, chest CT was performed before
or after thoracostomy. APCR was performed in cases where
chest US and APCR did not show PNX but clinical suspicion
continued. In cases where chest US and APCR did not show
PNX and where PNX was not suspected clinically, the patient
was transferred to the intensive care unit or to the relevant
department in case hospitalization was required for any other
condition. The patients, who were not required to be hospi-
talized due to trauma, were taken under observation in the
ED. Twelve hours later; US and PACR were performed in
these patients for control purposes. All patients in our study
group,diagnosed with PNX as a result of all examinations and
tests in the ED, were hospitalized in the intensive care unit
or the service of the related department. The patients not
diagnosed with PNX were hospitalized if they had additional
problems. The patients without any additional disorders were
discharged from the ED after observation for trauma. The
evaluation plan of the patients is shown in Figures 3a, b.

APCR and chest CT results were evaluated by a radiology
specialist blind to the clinical results and chest US results
of the patients. The evaluations of the radiology specialist
were deemed the gold standard for the diagnosis with imag-
ing tests.

Patient demographics, durations of the tests and the test re-
sults were recorded.

Primary Data Analysis

The Statistical Package for Social Sciences for Windows (SPSS)
17.0 was used for the statistical analysis of data collected in
the study. In addition to descriptive statistics methods (fre-
quency, percentage, mean, standard deviation), Pearson’s chi-
square test was used for the comparison of qualitative data.
In order to examine sensitivity and selectivity, cross tables
between two categorical variables were used. The results
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Figure 3. (a, b) Patient evaluation plan.

were evaluated bilaterally in confidence interval of 95% with
the significance level of p<0.05.

RESULTS

During the period of this study, two hundred and sixty-
three patients presented to the ED with BTT. The study
was conducted with two hundred and twelve patients who
complied with the predetermined inclusion criteria. Among
the participants one hundred and forty-four (67.9%) were
male and sixty-eight (32.1%) were female; and the mean
age of the participants was 45.8+16.8 years. Chest US was
performed on all two hundred and twelve patients (100%).
Supine APCR was performed on two hundred and ten (99%)
patients and chest CT was performed on one hundred and
twenty (56.6%).

Furthermore, the periods between physical examination and
radiological imaging were noted (Table 2).

PNX was detected in twenty-five (11.8%) of 212 patients.
PNX diagnosis was made by CT scan in twenty-four patients.
Since the condition of one patient was not stable, TT was
performed before CT and the diagnosis of PNX was made
upon the detection of air bubbles in underwater drainage.
This patient then underwent chest CT. PNX area was ob-
served.

PNX was detected by chest US in twenty-two (88%) of 25
patients diagnosed with PNX. One (0.5%) patient, who was
considered to have PNX in chest US, was not diagnosed
with PNX according to the gold standards. Statistical analy-
sis showed that, for the detection of PNX, the sensitivity of

Table 2. Duration of radiological imagings
Number of Average duration Range
patients (min.)£SD
Between physical examination and chest US 212 11.60 +5.62 540
Between physical examination and APCR 210 30.00+15.20 10-137
Between physical examination and chest CT scan 120 78.06+40.97 10-281

SD: Standard deviation; APCR: US: Ultrasound; Anteroposterior chest radiography; CT: Computed tomography.
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Table 3. Evaluation of clinical follow-up and chest computed tomography and chest ultrasound in pneumothorax
diagnosis
Clinical follow up and computed tomography result Total
Pneumothorax (-) Pneumothorax (+)
n % n % n %
Chest ultrasound result
Pneumothorax (-) 186 99.5 3 12 189 89.2
Pneumothorax (+) | 0.5 22 88 23 10.8
Toplam 187 100 25 100 212 100

X2=174.421; df=1; p<0.05

Table 4.  Evaluation of anteroposterior chest radiography compared to clinical follow-up and chest computed
tomography for the detection of pneumothorax
Computed tomography result Total
Pneumothorax (=) Pneumothorax (+)
n % n % n %
APCR result
Pneumothorax (-) 187 100 15 60 202 95.3
Pneumothorax (+) 0 0 32 8 3.8
No APCR 0 0 8 2 9

X2=78.530; df=2; p<0.05. APCR: Anteroposterior chest radiography.

chest US was 88%, specificity 99.5%, positive predictive value
(PPV) 95.7% and negative predictive value (NPV) 98.4%. For
the detection of PNX, the relationship between chest US and
the gold standard procedures, clinical follow-up and chest CT,
was found significant (p<0.05) (Table 3).

The dimensions of 3 PNX, which could not be detected in
chest US, were small in chest CT (two of them [% and one
of them 5%). The dimensions of PNX, which were detected
in US, were as follows: in twelve cases <10%, in eight cases
10-60%, in two cases >60%.

Out of the twenty-five cases of PNX diagnosed according to
the gold standards, 15 (60%) could not be detected in APCR.
For the diagnosis of PNX, compared to clinical follow-up
and chest CT, the sensitivity of APCR was 34.8%, selectivity
100%, positive predictive value 100%, and negative predictive
value 92.6% (Table 4).

DISCUSSION

Chest traumas constitute one third of the cases hospitalized
due to trauma.l'" Until the age of 40, chest trauma consti-
tutes 20-25% of the causes of deaths due to trauma and the
mechanism of injury is blunt in 70% of the cases.!'>'®!
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PNXis encountered in 15% to 50% of cases of blunt trauma.
[417.18] The rate of bilateral PNX was reported to be 8—10%.
[I718 |n the results of our study, the rate of PNX due to BTT
was |1.8%. In 52% of these cases, PNX developed in the
right, in 44% it developed in the left and in 4% it developed
bilaterally.

In the literature, there are a few studies on the duration of
imaging techniques used in pneumothorax.['”!?2 |n the study
of Mao et al, the average duration of US has been 2.3+2.9
min., APCR 12.4£6.7 min. and chest CT 16.3+7.8 min. In our
study, the duration of US imaging was longer than the dura-
tion reported in the study of Mao et al. The reasons for this
difference are as follows: there is only one US device in the
ED where this study was conducted; more than one patient
who needs US imaging might be presented in the ED at the
same time; and US device is kept in an area other than the
trauma room. The reasons for longer duration of APCR are
as follows: there is not a portable x-ray device in the ED; the
patient is taken to a radiology unit outside of the patient care
area for the scan; more than one patient who needs x-ray
scan might be presented in the ED at the same time; and the
device in the radiology unit might sometimes be out of order.
In our study the average duration for CT was also longer as

Ulus Travma Acil Cerrahi Derg, September 2015, Vol. 21, No. 5



Kaya et al. Radiological evaluation of pneumothorax for blunt thoracic trauma

compared to the study in the literature. The reasons for this
difference are as follows: The patient is taken to the radiology
unit, which is located 200 m far from the ED, for the scan; the
radiology physician must be called and informed before the
CT scan; and there might be another patient in the CT room
when the scan is requested for a patient in the ED.

The advantage of chest CT in the diagnosis of PNX is un-
questionable. However; chest US is also a useful technique
with advantages such as bedside applicability, lack of radiation,
being non-invasive, swiftness, cost-effectiveness and being re-
peatable. That US is user dependent and requires experience
constitutes a disadvantage in its use for PNX diagnosis. In the
literature, there is no study indicating the minimum number
of chest US examinations required for eliminating user-relat-
ed mistake of US. However, the American College of Emer-
gency Physicians’ guides indicate that at least 25-50 chest US
examinations are required to gain competence in this field.['®]
In our study, all physicians were trained to use chest US for
PNX diagnosis and each had already performed minimum 150
chest US examinations before our study. It is accepted that
the effectiveness of US would increase if US is performed
and interpreted by the physician who examines the patient.
2121 Therefore, in our study, chest US was performed by the
physicians who also examined the patients.

The use of US for PNX diagnosis in human beings was first
mentioned in a study conducted by Wernecke et al. in 1987.1%*!
The sensitivity, selectivity, PPV and NPV of chest US and chest
radiography in PNX diagnosis were also evaluated in some
studies in the literature.l''824%1 |n our study group, for the
detection of PNX, the sensitivity of chest US is 88%, specific-
ity 99.5%, positive predictive value 95.7% and negative predic-
tive value 98.4%. For the detection of PNX, the sensitivity of
APCR was 34.8%, selectivity 100%, positive predictive value
100%, and negative predictive value 92.6%. These values are
compatible with the literature for both US and chest radiog-
raphy. Our study shows that chest US has high sensitivity and
selectivity in the detection of PNX in patients with BTT.

Hidden pneumothorax — a radiological concept — is PNX
that cannot be detected in ordinary radiography but requires
chest CT for detection.*?”l Hidden PNX incidence was 3.7%
in trauma children presenting to the ED and was 64% after
TT in multitrauma patients.?**! Hidden PNX diagnosis was
reported in 54.8% of chest trauma cases.l'® In our study, out
of the twenty-five PNX diagnoses, 15 (60%) could not be
detected in APCR and 3 (12%) could not be detected in US.
In these three patients, PNX in chest CT was small and re-
garded as hidden PNX.

The use of chest US in the detection of PNX has scientific
grounds.!! Liechtenstein has edited the studies that detect
static and dynamic US findings of PNX.B% The lack of pleu-
ral sliding sign and comet tail artifact has been reported to
be diagnostic for PNX.3% |n our study, we also considered
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the lack of seashore sign and presence of stratosphere sign
for the diagnosis of PNX in addition to these two diagnostic
findings. Despite high accuracy rates of US, the lack of pleural
sliding sign may occur without PNXin clinical conditions such
as pulmonary fibrosis and severe pulmonary contusion. This
may cause false positive results.”! In our study, one patient
did not have pleural sliding and seashore signs and had strato-
sphere sign in US. However, there was no PNX in APCR and
chest CT. We found that the patient had pulmonary contu-
sion, thus this case was revaluated as a false positive result.

Conclusion

PNX is a life-threatening clinical condition that makes its early
diagnosis and treatment essential. Chest CT scan, which is the
gold standard for PNX diagnosis, cannot be applicable for all
trauma patients. Therefore, in most cases, the diagnosis is con-
firmed by chest radiography. Our study shows that chest US
is a better method to diagnose PNX compared to APCR. Our
study also proves that US is more reliable in the ED for the de-
tection of PNX which cannot be detected in chest radiography.

Although chest US has not been preferred as frequently as
chest radiography for the diagnosis of PNX yet, it is an impor-
tant method for early bedside diagnosis of PNX, particularly
in cases of clinically unstable patients.

Conflict of interest: None declared.
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ORIJINAL CALISMA - OZET

Acil servise kiint toraks travmasi ile bagvuran hastalarda pnémotoraksin
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goriintiileme yontemleriyle degerlendirilmesi

the lung. in: Lichtenstein D, editors. General ultrasound in the critically
ill. Germany: Springer-Verlag 2005. p. 105-15.
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AMAC: Pnomotoraks (PNX) pariyetal ve visseral plevra arasina hava toplanmasi ve buna ikincil olarak gelisen akciger sénmesi olarak tanimlanir. Risk
faktorl olan kisilerde kendiliginden gelisebilir. Ancak genellikle kiint veya penetran travma ile birliktedir. Tani genelde gogls radyografisi (postero-
anterior akciger [PAAC] grafis) ile dogrulanir. Goglisiin ultrasonografi (USG) ile incelenmesi travmali olgularda PNX’in saptanmasinda umut veren
bir teknik olarak géze garpmaktadir. Acil serviste (AS) kiint gogiis travmasi (KGT) ve PNX'in degerlendirilmesi ile ilgili literatiirde galisma sayisi fazla
degildir. Bu ¢alismanin amaci KGT ile AS’ye basvuran hastalarda PNX tanisinda géglis USG’nin etkinliginin arastiriimasidir.

GEREC VE YONTEM: Bu calisma bir iiniversite hastanesi AS’sinde dokuz aylik stire icerisinde yapildi. Hastalara gégiis USG'leri bu konuda egitimli
acil tip hekimleri tarafindan uygulandi. Sonuglar anteroposterior akciger (APAC) grafisi ve gogls bilgisayarli tomografisi (BT) ile karsilastirildi. Ante-
roposterior akciger grafisi ve/veya goglis BT’si USG bulgularina kér bir radyoloji uzmani tarafindan degerlendirildi. Radyoloji uzmaninin degerlendir-
mesi gorintiileme incelemelerinde tani igin altin standart olarak kabul edildi. Bilgisayarli tomografi ile degerlendiriimeyen hastalarda pnomotoraks
tanisi icin klinik takip dikkate alindi.

BULGULAR: Calismaya alinan 212 (144 erkek, 68 kadin, ortalama yas 45.8) hastanin tamamina gégiis USG yapild. iki yiiz on (%99) hastaya supin
APAC grafisi, 120 (%56.6) hastaya ise gogis BT gekildi. Tanisi kesinlesen 25 (%1 1.8) PNX’in gogiis USG'de 22'si (%88), APAC grafisinde ise sekizi
(%32) saptanabildi. Pnémotoraks tespit etmede goglis USG’nin, klinik takip ve gogus BT'ye gore duyarliigi %88, 6zgiilligl %99.5, olumlu 6ngori
degeri %95.7 olumsuz 6ngorii degeri ise %98.4 olarak bulundu.

TARTISMA: Cogu merkezde PNX tanisinda supin ve ayakta akciger grafisinin yerini hentiz almayan, acil tip hekimleri tarafindan yapilan gégiis USG,
PNX’in yatak bagi erken tanisi iin oldukga etkin ve énemli bir aragtir.

Anahtar sozclikler: Kiint toraks travmasi; pndmotoraks; ultrason.
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