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Abstract

Introduction A pulmonary contusion is an entity defined as alveolar haemorrhage and pulmonary parenchymal destruction
after blunt chest trauma. According to the literature, most pulmonary contusions can only be seen on a chest CT. The aim of
this study was to evaluate the patients with pulmonary contusions, as well as their management, considering diagnostic and
therapeutic options related to their outcomes, since we assumed, based on everyday clinical practice, that an ‘overdiagnos-
ing’ and ‘overtreatment’ attitude towards this injury could be present.

Patients and methods The research was a retrospective study including 5042 patients admitted to the Department of Trauma-
tology in the Clinical Hospital Centre Osijek, during a 3-year period. The medical data of the patients who suffered pulmonary
contusion were evaluated considering significant characteristics, known risk factors, procedures undergone, and outcomes.
Results During the 3-year period, 2% of all the admitted patients were diagnosed with a pulmonary contusion. In 54% of
the cases, the patient suffered polytraumatic injuries. The pulmonary contusion was an isolated injury in 7% of the patients.
In 31% of the cases, there was no liquidothorax or pneumothorax (isolated pulmonary contusion). In 89% of the patients
the pulmonary contusion was diagnosed using a CT scan. In 68% of the patients there were no interventions regarding the
thorax; thoracocentesis was performed in 25% of the cases, and pleural punction in 14% of the cases. 25% of the patients
developed respiratory insufficiency and 16% required mechanical ventilation. Regarding isolated pulmonary contusions,
respiratory insufficiency was present in 8% of the cases.

Conclusions We suggest that a pulmonary contusion seen on CT only has limited clinical significance and that the use of
CT scans in diagnosing and follow-up of these patients should be re-evaluated. Further prospective and randomised studies
should be conducted and the patients should be clinically evaluated, with the administration of supportive and antibiotic
therapy, maintaining the fluid balance, the administration of diuretics, supportive oxygen therapy, pulmonary toilet, and
physical therapy.

Keywords Thoracic injuries - Thoracic radiography - Pneumomediastinum diagnostic - Lung injuries
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A pulmonary contusion (PC) is an entity defined as alveolar
haemorrhage caused by an injury to the alveolar capillaries
and pulmonary parenchymal destruction after blunt chest
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trauma. Lung tissue injury occurs when the chest wall bends
inward following the trauma [1]. The possible mechanisms
are based on inertial effects, mainly on different tissue densi-
ties—Ilight alveolar tissue and heavy hilar structures [2]. A
parenchymal lesion can occur during the 24 h after injury.
It resolves within 3—-14 days, depending on the size, the
number of affected lobes has been reported to determine
the outcome [1]. The injury of the lung tissue without a
chest wall injury was first described by Giovanni Battista
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Morgagni, an Italian anatomist, in 1761, and the term “pul-
monary contusion” dates from the nineteenth century and
Guillaume Dupuytren, a French military surgeon. The inci-
dence is 25-35% of all blunt chest trauma [2, 3]. Clinical
manifestations include respiratory distress with hypoxemia
and hypercarbia as a result of ventilation/perfusion diffi-
culties, increased intrapulmonary shunting, increased lung
water, segmental lung damage, and a loss of compliance [2].
According to the literature, most pulmonary contusions are
only seen on a chest CT (SOCTO). Treatment of the PC is
conservative and supportive; the goal is to prevent respira-
tory failure and hypoxia. Managing of the PC includes the
maintenance of fluid balance, the administration of diuretics,
supportive oxygen therapy, and pulmonary toilet and pos-
tural changes [3, 4]. The aim of this study was to evaluate
pulmonary contusions in general, as well as the manage-
ment of the patients, considering diagnostic and therapeutic
options related to their outcomes, since we assumed, based
on everyday clinical practice, that an ‘overdiagnosing’ and
‘overtreatment’ attitude towards this injury could be present.

Patients and methods

The research was done as a retrospective study including
all the patients who suffered a PC and were admitted to the
Department of Traumatology in the Clinical Hospital Cen-
tre Osijek during a 3-year period. The medical data were
extracted from the database including 5042 patients admitted
to the department in the period from 2010 to 2012, it was
evaluated considering the patients’ age, sex, mechanism of
injury, polytrauma, comorbidities, other pulmonary diag-
noses, other injuries, serial rib fractures, pleural effusion or
pneumothorax, confirmation of the clinical diagnosis using a
CT scan and a control CT scan, interventions such as pleural
punction or thoracocentesis, respiratory distress, mechanical
ventilation, other surgical procedures following concomitant
injuries, the length of the hospitalisation, consultations by
a pulmonologist, anticoagulative therapy, physical therapy,
and complications recorded during regular check-ups. We
tested if the PC diagnoses affected the incidence of respira-
tory distress and the need for mechanical ventilation, if they
prolonged the length of hospitalisation, if there was need
for a pulmonologist consultation, and if there were adverse
outcomes. The inclusive criteria were the diagnoses of pul-
monary contusion on the admittance or during the hospi-
talisation. The statistical program SPSS 23.0 for Windows/
Mac OS X (IBM Corp., Armonk, NY, USA) was used for
the statistical analyses. P <0.05 was considered a priori as
statistically significant. All values were mean + standard
deviation (SD). The comparison among groups was done
using a ¢ test.
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Results

During the 3-year period, there were 101 diagnosed cases
of PCs in the Department of Traumatology, Surgery
Clinic, in the Hospital Centre Osijek, which makes for
2% of all the admitted patients. 88% were male and 12%
were female. The oldest patient was 84 and the youngest
patient was 17 years old, the average age was 47. In 56%
of the cases, the trauma was caused by a traffic accident;
other causes were falling from a height, falling off from a
bicycle, fighting, or getting hit in the chest by an animal.
In 54% of the cases the patient suffered polytraumatic
injuries. In 42% of the cases the PC was bilateral and in
the rest of the cases both the right and the left lung were
equally affected. There were no comorbidities in 52% of
the patients, 19% had hypertension and diabetes, and the
rest of the patients had various joined conditions, such
as psychoorganic syndrome, epilepsy, and liver lesions.
There was no joined pulmonological diagnosis in 94%
of the cases, while pneumonia was present in the rest of
the patients. The PC was an isolated injury in 7% of the
patients; others had multiple injuries, intracranial in 43%
of the cases. 75% of the patients had a rib fracture; a serial
rib fracture was present in 52% of the cases. In 79% of the
cases there was no subcutaneous emphysema. In 31% of
the cases there was no liquidothorax or pneumothorax.
Pneumomediastinum was present in 7% of the patients.
In 89% of the patients the PC was diagnosed using a
CT scan, and in the rest of the cases it was diagnosed
using an X-ray. Follow-up CT scans were performed in
18% of the patients. In 68% of the patients there were no
interventions regarding the thorax, thoracocentesis was
performed in 25% of the cases and pleural punction in
14% of the cases. 25% of the patients developed respira-
tory insufficiency and 16% required mechanical ventila-
tion. The average duration of mechanical ventilation was
5 days. In cases with isolated PCs, without liquidothorax
or pneumothorax, respiratory insufficiency was present
in 8% of the cases. Complications during hospitalisation
were defined as laboratory and X-ray changes, resembling
pneumonia, a pulmonologist was consulted in 19% of the
cases. Anticoagulant therapy was prescribed for 54% of
the patients, while physical therapy was conducted with
25% of the patients. 23% of the patients were undergoing
an operative procedure or an osteosynthesis of an extrem-
ity fracture, and a laparotomy for abdominal organ inju-
ries was done in two cases. The length of hospitalisation
was from 2 to 121 days, depending on the other injuries,
for patients having only thoracic injuries the average hos-
pital stay was 14 days.
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Discussion

The incidence of PC in our study was slightly lower than
the incidence found in the literature. The patients were a
decade older in average compared to the literature data
[5]. The young age is easily explainable by the mecha-
nism of trauma—mostly traffic accidents and falling from
a height, and in our data, the socio-demographic factors
influence the older age of the patients—Ilow natality and
emigrations resulted in the ‘aging’ of the population. Our
patients were mostly male, similar to the literature data,
since most of the cases were caused by a traffic accident,
mostly involving a motorcycle and it is considered that
motorcycle drivers are mostly male [6].

In our patients the symptoms included dyspnoea, chest
tightness, chest pain, and decreased exercise tolerance [4],
also with subcutaneous emphysema in some cases. Half
of the patients had polytraumatic injuries and consequen-
tially a worse outcome—prolonged hospitalisation and
complications. One-third of the patients had no liquido-
thorax or pneumothorax (isolated PC). The results show
that liquidothorax or pneumothorax is generally associated
with rib fractures and in most of the patients there were
no interventions regarding the thorax, thoracocentesis or
pleural punction was performed in small number of cases.
These results show that in two-thirds of the patients there
were no interventions regarding the thorax, even in cases
with diagnosed pleural effusion or pneumothorax, since
they were clinically insignificant and thoracic drainage
was not required.

The following aspects were considered in order to
diagnose a PC: mode of injury, physical examination,
radiography, and arterial blood gasses which may show
insufficient oxygen and excessive carbon dioxide [7-10].
A chest X-ray is the most common method used for the
diagnosis of a PC [11]. Consolidated areas appear white on
an X-ray film. The contusion is typically not restricted by
the anatomical boundaries of the lobes or the segments of
the lung [12-14]. The X-ray appearance of a PC is similar
to that of an aspiration, and the presence of a haemotho-
rax or a pneumothorax may obscure the contusion on a
radiograph [15, 16]. The signs of contusion that progress
after 48 h post-injury are likely to be actually caused by
aspiration, pneumonia, or acute respiratory distress syn-
drome (ARDS) [17]. Although chest radiography is an
important part of the diagnosis, it is often not sensitive
enough to detect the condition early after the injury [18].
In one-third of the cases, the PC is not visible on the first
chest radiograph performed [19]. It takes an average of
6 h for the characteristic white regions to show up on a
chest X-ray, and the contusion may not become apparent
for 48 h [12, 13, 19]. When a PC is apparent in an X-ray,

it suggests that the trauma to the chest was severe and that
a CT scan might reveal other injuries that were missed by
the X-ray [20].

A CT is a more sensitive test for a PC and it can iden-
tify abdominal, chest, or other injuries that accompany the
contusion [21-23]. Unlike an X-ray, a CT scan can detect
the contusion almost immediately after the injury [22].
However, in both an X-ray and a CT scan, a contusion may
become more visible over the first 24—48 h after trauma, as
bleeding and oedema into lung tissues progress [24]. A CT
scan also helps determine the size of a contusion, a larger
volume of the contused lung on a CT scan is associated
with an increased likelihood that ventilation will be needed
[22]. The indication for mechanical ventilation is, of course,
based on the clinical status of the patient. CT scans also
help differentiate between a contusion and a pulmonary
haematoma, which may be difficult to tell apart otherwise
[25]. Findings on CT scans of contusions are non-segmen-
tal areas of consolidation and ground-glass opacification,
which mostly involve the lung and are directed deeply into
the area of trauma, often sparing 1-2 mm of sub-pleural lung
parenchyma adjacent to the injured chest wall [26]. A CT
is highly sensitive in detecting a PC, and the extent of lung
involvement on a CT scan correlates with clinical outcomes
[10, 27-29].

However, PCs visible on a CT but not on a chest X-ray,
PC SOCTO, are usually not severe enough to affect the out-
come or the treatment [11]. In nearly all of the patients the
PC was diagnosed using a CT scan, and in the rest of the
cases it was diagnosed using an X-ray. A follow-up CT scan
was performed in very few patients mostly because of their
clinical status—if there were symptoms of pneumonia or
lack of clinical improvement.

The use of a pulmonary ultrasound, performed at the bed-
side or on the scene of the accident, is still not widespread,
being limited to facilities which are comfortable with its use
for other applications, like pneumothorax, airway manage-
ment, and haemothorax. Its accuracy has been found to be
comparable to CT scanning [30]. An ultrasound could be
used in all cases with positive chest X-ray findings and for
follow-up examinations. The ultrasound is useful in patients
with X-ray-positive pleural effusion because of the possibil-
ity to mark the place on the skin for optimal pleural punction
and for diagnosing the pleural effusion in patients with nega-
tive X-ray for pleural effusion.

In our study, some of the patients developed respiratory
insufficiency and a very small number required mechanical
ventilation, where the duration was under 48 h in most of
the cases. There were no long-term complications in patients
with a PC who developed ARDS. In cases with isolated PCs,
without a liquidothorax or pneumothorax, respiratory insuf-
ficiency was present rarely. Hoff et al. reviewed patients hav-
ing an isolated PC after blunt chest trauma, and the results
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showed that an isolated PC in healthy patients is not asso-
ciated with mortality. Other authors associate a PC with a
10-25% mortality rate. Some patients develop complications
depending on hypoxia on admission and a PC on the admis-
sion chest radiograph (large contusions). Complications that
can possibly occur in patients with a PC are pneumonia,
empyema, atelectasis, and bronchopleural fistula [2, 7].

The incidence of pneumomediastinum, according to the
literature, in patients with blunt chest trauma and a PC is
probably caused by the “Macklin effect” in all the cases
where thoracic and abdominal viscus perforation has been
ruled out. The “Macklin effect” is a result of increased intra-
alveolar pressure, leading to alveolar rupture, with air dis-
section along the bronchovascular sheaths and the spreading
of this pulmonary interstitial emphysema in the mediasti-
num. It is diagnosed using chest radiography and CT, and
managed conservatively [8, 9].

ARDS may occur in 50-60% of these patients accord-
ing to the literature, in these cases mechanical ventilation
is required, including lung protective ventilation, as per
ARDS net protocols (low tidal volume with high PEEP),
inverse ratio ventilation, individual lung ventilation with a
double lumen tube, and high-frequency jet ventilation. The
use of non-invasive positive pressure ventilation (NIPPV)
has shown good results [2, 4].

The treatment for PCs includes supportive and antibiotic
therapy, maintenance of fluid balance, administration of
diuretics, supportive oxygen therapy, and pulmonary toilet
and postural changes. The administration of fluids is consid-
ered controversial in these cases, considering the possibility
of exacerbating the oedema. Chest physiotherapy includes
breathing exercises, stimulation of coughing, suctioning,
percussion, movement, and vibration [2, 4]. Our results show
that anticoagulant therapy was prescribed for 54% of the
patients, while physical therapy was conducted with 25% of
the patients. All the patients with a diagnosed PC were on
antibiotic therapy. In the cases with PC SOCTO where there
were no clinical indications for antibiotic treatment, this pro-
tocol could be in the ‘overtreatment zone’ and should also
be re-evaluated. There is no evidence that every pulmonary
contusion causes complications if antibiotic therapy is not
administered. The complications have been associated with
the size of the lesion, which again leads us to the conclu-
sion that if there is a possibility for complications, the lesion
will be detected on the standard chest X-ray, and if it is PC
SOCTO it will cause complications in exceptional cases.
The clinical status of the patient should be the main guide
for making decisions regarding the therapy and the course
of treatment.

Physical therapy should be conducted whenever possi-
ble, in our case the limitations for physical therapy were
polytraumatic and intracranial injuries. Some of the patients
were undergoing an operative procedure or an osteosynthesis
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of an extremity fracture and laparotomy for abdominal organ
injuries. The diagnosis of PC did not prolong the hospital
stay for operated patients, which means the hospitalisation
lasted the same number of days as in the patients undergoing
the same operative procedures and not having a PC.

Research is being conducted regarding new treatment
options, including intravenous corticosteroids, antioxidants,
and exogenous surfactants, since the role of neutrophils and
fibroblast proliferation in the inflammatory response to lung
tissue injury has been established [2].

Since the main cause of blunt chest trauma and PCs are
traffic accidents, prevention strategies include airbags, seat
belts, and car seats for children [2].

Conclusions

We suggest that PC SOCTO has limited clinical significance
and that the use of a CT scan in diagnosing and follow-up
of these patients should be re-evaluated. There is no need
for deep research of PC if no clinical sign arises. Further
prospective and randomised studies should be conducted.
Patients should be clinically evaluated, with the administra-
tion of supportive and antibiotic therapy, maintaining the
fluid balance, the administration of diuretics, supportive
oxygen therapy, pulmonary toilet, and physical therapy. Fur-
ther research is needed regarding new therapy options and
the more frequent use of the pulmonary ultrasound.
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