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Abstract

Background: The aim of the present study was to explore the therapeutic effect and prognosis in patients with rib
fractures and atelectasis after thoracic trauma in order to provide a basis for clinical decision-making in primary hospitals.

Methods: A retrospective study was conducted on 86 patients admitted to our hospital between January 2016 and May
2020 with rib fractures and atelectasis after thoracic trauma. On the basis of the chest computed tomography scans taken
at the time of discharge, the patients were divided into two groups: the reexpansion group and the non-reexpansion
group. The two groups were compared with respect to the changes observed in the patients' levels of blood oxygen
saturation (SpO2) and pulmonary function, the presence of secondary pulmonary or thoracic infection, the time of chest
tube drainage, the length of hospitalization, the cost of hospitalization, and the patients’ level of satisfaction with their
quality of life 3 months after discharge.

Results: In the reexpansion group, there were significant differences in the levels of SpO2 and pulmonary function
measured before and after pulmonary reexpansion (P < 0.05). Compared with the non-reexpansion group, the patients in
the reexpansion group had a lower incidence of secondary pulmonary and thoracic infection and a higher level of
satisfaction with their quality of life after discharge; these differences were statistically significant (P < 0.05). There was no
statistical significance between the two groups with respect to the time of chest tube drainage or the length of
hospitalization (P > 0.05). However, the cost of hospitalization was significantly higher in the reexpansion group than in
the non-reexpansion group (P < 0.05).

Conclusions: The patients in the pulmonary reexpansion group had a lower incidence of complications and a better
prognosis than the patients in the non-reexpansion group.
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Background

The incidence of thoracic injuries has gradually in-
creased as injuries caused by traffic accidents become
more common. Atelectasis is associated with bronchial
stenosis or obstruction, a decrease in the volume of gas
in the lung, and a reduction in pulmonary volume. Al-
though atelectasis can have many different causes, it is
most commonly caused by thoracic trauma, especially in
patients with rib fractures. Atelectasis caused by thoracic
trauma can be accompanied by many other conditions.
The delayed or improper treatment of atelectasis can
seriously affect the quality of life and prognosis of
patients and lead to pulmonary infection, hypoxemia,
and even death.

Methods

Materials

From January 2016 to May 2020, 1351 patients with rib
fractures were treated in our hospital. After patients
whose rib fractures were caused by non-traumatic
factors or whose fractures were not being treated for the
first time were excluded, there were 1102 patients (783
males and 319 females) aged 21-88 years. The reasons
for the patients’ rib fractures were as follows: traffic acci-
dents (756 cases), falls (110 cases), falls from height (188
cases), sharp instruments (8 cases), and blunt instru-
ments (40 cases). The types of trauma were as follows:
closed injury (1093 cases) and open injury (9 cases). The
number of rib fractures ranged from 1 to 16 and affected
the first rib to the twelfth rib. There were 30 cases of
flail chest, 667 cases of hemothorax, 140 cases of
pneumothorax, 405 cases of lung contusion and lacer-
ation, and 712 cases that were complicated by injuries to
other sites. The cases with injuries at other sites in-
cluded 86 cases of atelectasis with an incidence of 7.8%.
There were 62 cases of partial lobular atelectasis, 24
cases of lobular atelectasis, and no cases of total pul-
monary atelectasis. There were 56 cases of atelectasis-
related complications, including 53 cases of pulmonary
infection and 3 cases of acute lung injury and acute re-
spiratory distress syndrome (ARDS). No patients died.
All cases of atelectasis were confirmed by chest com-
puted tomography (CT) examination during the period
of hospitalization after the injury. After treatment, the
chest CT results at the time of discharge were used to
divide the 86 patients with atelectasis into two groups:
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the reexpansion group (49 cases) and the non-reexpansion
group (37 cases). As shown in Table 1, there were no
significant differences in the general characteristics of the
two groups (all P > 0.05).

Methods

The patients were treated with thoracic external fixation,
oxygen inhalation, and hemostatic, analgesic, anti-
infection, and anti-shock therapies, as well as other
conventional treatments after hospitalization. Depending
on the amount of gas in the pneumothorax and the
pleural effusion, pleural puncture and chest tube drainage
were used. If necessary, urokinase was injected into the
pleural cavity to dissolve blood clots. In the event of dys-
pnea or respiratory distress, positive pressure ventilation
was used or sputum aspiration and lavage performed via
bronchofiberscope. If reexpansion could not be achieved
with any of these treatments, surgical treatments to
promote pulmonary reexpansion were potentially used,
including rib reduction, internal fixation, chest explor-
ation, fiberboard stripping, and lung expansion during the
operation.

In 14 cases (16.3%), pulmonary reexpansion was
achieved by conventional treatments. In 9 cases (22.1%),
reexpansion was achieved by thoracic drainage, where 8
of these cases required thrombolysis via the injection of
urokinase into the thoracic drainage tube. In 6 cases
(7%), reexpansion was achieved by sputum aspiration
and lavage via bronchofiberscope; in 2 of these cases,
aspiration and lavage were combined with rib internal
fixation. In 2 cases (2.3%), reexpansion was achieved by
positive pressure ventilation. In 8 cases (9.3%), reexpan-
sion was achieved after the elements that were restrict-
ing lung expansion were surgically removed. In the
remaining 37 cases (43%), reexpansion was not achieved.
These outcomes are shown in Fig. 1.

Observation indices

The two groups were compared before and after treat-
ment with respect to the changes observed in the pa-
tients’ levels of blood oxygen saturation (SpO2) and
pulmonary function. Chest CT scans were performed
and examined regularly. Sputum and pleural effusion
cultures were used to determine drug sensitivity. The
time of chest tube drainage, length of hospitalization,
and cost of hospitalization were statistically analyzed.

Table 1 Comparison of the general characteristics between the two groups

Group n Age (years) Thoracic AIS Number of Pulmonary Hemothorax (n) Pneumothorax (n) Flail chest (n)
score (points) fracture (n) contusion (n)

Reexpansion group 49 4733 +756 416 +099 516 +£202 49 49 39 16

Non-reexpansion group 37 46.15 £ 664 4.03 £ 092 499 +188 37 37 35 14
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Fig. 1 The therapeutic outcome in 86 patients with traumatic rib fracture accompanied by atelectasis

= Pulmonary resurgence after
general treatment

= Pulmonary resurgence after
chest tube drainage+urokinase
lysis
Pulmonary resuscitation after
fiberoptic bronchoscopic
suction lavage

Pulmonary resurgence after
positive ventilator pressure
ventilation

® Pulmonary resurgence after
surgical treatment

® Pulmonary insufficiency

The two groups were also compared in terms of the
patients’ level of satisfaction with their quality of life 3
months after discharge.

Criteria for surgical treatment

(1) Pulmonary atelectasis that fails to reopen despite
multiple conservative treatment measures

(2) An encapsulated pleural effusion that cannot be
effectively drained

(3) Where a fibrous membrane has formed on the
surface of the lung

(4) Coagulated hemothorax, or chronic abscess chest,
which has formed a fibrous plate and requires
surgical debridement

(5) Multiple rib fractures, thoracic collapse, and flail
chest, who require surgical treatment with internal
rib fixation and may undergo pulmonary
resuscitation surgery at the same time

(6) Those who have solid fibrosis of the pulmonary
tissues of the atelectasis, requiring surgical
resection

Statistical analysis

The SPSS 20.0 software (IBM Corp., Armonk, NY, USA)
was used for data analysis. The measurement data with a
normal distribution were expressed as mean + standard
deviation (X + SD), and the comparison between groups
was conducted via Student’s ¢ test. The enumeration
data were analyzed with the y* test. P < 0.05 was consid-
ered statistically significant.

Results

The results are summarized in Table 2. In the reexpan-
sion group, there were statistically significant differences
in the levels of SpO2 and pulmonary function measured
before and after pulmonary reexpansion (P <0.05). In
addition, the patients in the reexpansion group had a
lower incidence of secondary pulmonary and thoracic
infection and a higher satisfaction with their quality of
life after discharge than the patients in the non-
reexpansion group did; both differences were statistically
significant (P < 0.05). There were no statistically signifi-
cant differences in the two groups’ time of chest tube
drainage or length of hospitalization (P > 0.05). However,
the cost of hospitalization was significantly higher
for the reexpansion group than it was for the non-
reexpansion group (P <0.05).

Discussion

Atelectasis, a common complication of thoracic trauma,
involves a decrease in the amount of air in certain bron-
chial and pulmonary segments and results in the atrophy
of pulmonary tissue. Atelectasis may occur in any part
of the lung and may be accompanied by the consolida-
tion of the alveolar cavity.

The causes and possible mechanisms of atelectasis after
thoracic trauma

There are many potential causes of atelectasis after thor-
acic trauma, including obstruction, compression, fiber
wrapping, and reduced levels of alveolar surfactant. Of
these, atelectasis is most commonly caused by obstruc-
tion, compression, or a combination of factors. The
major causes of atelectasis are summarized below.
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(1) Thoracic trauma can directly result in pulmonary
hemorrhage and edema, which reduce alveolar
compliance and ventilation and levels of alveolar
surfactant. These changes can eventually cause
alveolar collapse, resulting in atelectasis.

(2) Thoracic trauma is often accompanied by
bronchial-pulmonary injury. When bronchioles are
broken and injured, blood can enter, and blood or
phlegm clots can block the distal bronchioles,
leading to atelectasis. Bronchial obstruction is the
most common cause of atelectasis, which occurs
when gas in the distal bronchioles is gradually
absorbed, resulting in alveolar collapse and
atelectasis.

(3) After thoracic trauma, the bony structure of the
thorax is damaged. Hemopneumatosis in the thorax
can compress the alveoli, leading to compressive
atelectasis. Secondary pulmonary infection can also
encourage the development of atelectasis, which
most often affects the lower lobe of the infected
lung.

(4) Chest pain caused by thoracic trauma may lead to
respiratory restriction, shortness of breath, and
incomplete expansion of the alveoli. As a result of
the pain, patients avoid coughing, which leads to
the accumulation of sputum that is difficult to
cough up and that can block the bronchus.

(5) Thoracic trauma that is accompanied by a
disturbance of consciousness is more likely to cause
aspiration and obstruction of the airway, resulting
in atelectasis.

(6) When body position is restricted after thoracic
trauma, blood gas distribution is affected, which can
cause the lower part of the pulmonary tissue to
collapse.

(7) Excessive fluid infusion can also lead to pulmonary
reperfusion injury, resulting in pulmonary edema
and atelectasis.

(8) Thoracic trauma is often accompanied by rib
fracture, pulmonary injury, and
hemopneumothorax. Pulmonary contusion is an
important factor contributing to atelectasis. In
patients with pulmonary contusion, cellulose is
deposited on the pulmonary surface, reducing
pulmonary compliance and leading to atelectasis.
Some researchers have suggested that simple
pulmonary contusion can cause atelectasis. In cases
of multiple rib fractures in which the thoracic wall
has collapsed, abnormal breathing can also lead to
atelectasis.

The factors discussed above promote the occurrence
and development of atelectasis after thoracic trauma,
both on their own and in combination, and atelectasis
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can lead to more serious complications, such as hypox-
emia. In the present study, 31 cases of atelectasis were
caused by pulmonary contusion. Of these, 28 cases were
complicated by compression due to massive hemotho-
rax, and 5 were caused by airway obstruction. The pa-
tients exhibited different degrees of rib fracture, which
suggests that more attention should be paid to cases of
atelectasis in which rib fractures are complicated by
pulmonary contusion and a degree of pleural effusion.

The treatment of thoracic trauma combined with
atelectasis

The therapeutic goals for the treatment of atelectasis are
the elimination of the factors that caused it, the promo-
tion of pulmonary reexpansion, the restoration of
pulmonary function, and the correction of hypoxemia in
time. The measures used to treat atelectasis are summa-
rized below.

Conventional therapy for atelectasis consists of several
measures. First, oxygen inhalation, external thoracic fix-
ation, and symptomatic analgesic treatment were used in
addition to keep the patient’s airway unobstructed. Oxy-
gen inhalation should be used to dilute the sputum and,
in order to avoid pulmonary edema, the amount of
crustal fluid infusion should be controlled. Second, anti-
biotics are administered rationally. Thoracic trauma with
atelectasis is often accompanied by a degree of pulmon-
ary contusion, and a long period of bed rest can lead to
hypostatic pneumonia. Therefore, it is necessary to use
antibiotics in a rational manner, making adjustments in
response to the drug sensitivity of the sputum culture
and the patient’s experience. Third, postural drainage is
performed. For patients that can turn over, postural
drainage should be performed, and patients should be
taught the technique of patting. In the present study, 14
patients achieved pulmonary reexpansion through the
use of conventional therapy, 11 patients required auto-
matic discharge or hospital transfer, and all other
patients required treatment with other therapies.

For patients with more than a moderate amount of
pleural effusion or a degree of pulmonary compression
greater than 30%, closed thoracic drainage should be
performed. Coagulative hemothorax is the main cause of
compressive atelectasis. After a massive hemorrhage in
the thoracic cavity, the effect of defibrin is reduced, and
a large number of blood clots form in the thoracic cav-
ity, compressing the pulmonary tissue and resulting in
atelectasis. In clinical settings, urokinase is often used to
counter these effects. When urokinase is injected into
the thoracic cavity, it disintegrates blood clots and im-
proves drainage. In addition, it can dissolve the cellulose
deposited on the pulmonary surface, which makes pul-
monary reexpansion possible. Because this method is
simple and provides a way of treating patients without
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great economic burden or special equipment, it deserves
broader application [1]. In the present study, 61 patients
were eligible for thoracic puncture and chest tube drain-
age. The procedure was performed on 50 patients, while
11 other patients were discharged after refusing intub-
ation. Of the 19 patients that achieved pulmonary reex-
pansion after intubation, 8 cases first required blood
clots to be dissolved by the intrapleural injection of
urokinase; the patients that did not achieve reexpansion
after intubation were subsequently treated with other
methods.

In patients with hypoxemia caused by severe rib frac-
tures and atelectasis, ventilator-assisted breathing should
be performed. If necessary, positive end-expiratory pres-
sure therapy should be used to reduce the dead space of
the respiratory tract, increase pulmonary oxygenation,
promote pulmonary reexpansion, reduce capillary fluid
leakage, and improve pulmonary edema. In the present
study, 3 patients with ARDS were treated with positive
pressure ventilation, and 2 achieved pulmonary reexpan-
sion; the patient that did not achieve reexpansion was
subsequently treated with other methods.

If atelectasis persists after the therapies discussed
above are used, further examination and treatment can
be performed using fiberoptic bronchoscopy. Studies
have shown that bronchoalveolar lavage (BAL) plays an
important role in the diagnosis and treatment of atelec-
tasis. A fiberoptic bronchoscope can be placed in a bron-
chus under direct vision, where it can reach the lesion
and explore the condition of the airway. On the basis of
the exploratory investigation, the causes of the obstruc-
tion can be analyzed and the lavage scheme formulated.

The necessity of surgical treatment

To release the encapsulating separation of fluid in the
chest cavity to facilitate drainage of the pleural fluid; to
remove the fibrous membrane from the surface of the
affected lung or the intra-thoracic fibrous plate to
restore thoracic support and remove extra-pulmonary
restrictive factors; if the atelectasis gradually evolves into
a solid lung, etc., surgical resection is required to reduce
the dead space.

BAL has a number of advantages. First, it can be used
to quickly and accurately remove the thrombus and
mucus secretion in the airway and bronchi under direct
vision. Second, if the sputum block and purulent secre-
tion cannot be directly aspirated, then BAL can be used
to apply normal saline or antibiotic and hormone solu-
tion to wash the airway repeatedly, relieving the airway
obstruction and alleviating inflammation [2-7]. Because
the alveolar wall is thin and has a rich capillary network,
solutions that are administered locally will be absorbed
more easily [8], which will accelerate the patient’s
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improvement. Third, fiberoptic bronchoscopy can be
used to determine the etiology of atelectasis by means of a
biopsy, or exfoliated cells can be collected for cytological
examination and culture [9-11]. Fourth, fiberoptic bron-
choscopy has been successfully used to treat atelectasis by
locally expanding the respiratory sac [12]. In addition,
mechanical ventilation can be using alongside BAL to keep
the patient’s respiratory tract under continuous positive
pressure and achieve pulmonary reexpansion [13].

Fiberoptic bronchoscopy and BAL can be used repeat-
edly for pulmonary reexpansion, and these therapies
have both a precise effect and a potentially broad appli-
cation. In the present study, 9 patients were treated with
fiberoptic bronchoscopy, 6 of whom achieved reexpan-
sion. Of those 6 patients, 2 patients had thoracic trauma,
and their fractured ribs were successfully treated with
open reduction and internal fixation. The other 3 pa-
tients initially had a poor effect after sputum suction but
ultimately achieved reexpansion after the operation. The
patients that did not achieve reexpansion were subse-
quently treated with other methods.

Patients with multiple rib fractures can be treated with
open reduction and internal fixation. Once the effusion
and blood clot have been removed, bronchoscopy can be
used for sputum suction during open reduction and in-
ternal fixation, and the effect of pulmonary reexpansion
can be observed under direct vision. A large number of
clinical studies have demonstrated that, in cases of
multiple rib fractures, treatment with internal fixation is
superior to the conservative treatments used to prevent
pulmonary complications like atelectasis [14—19].

Open reduction and internal fixation was indicated
for patients with the following characteristics: (1)
patients with thoracic trauma accompanied by rib
fractures, visceral injuries, or hemopneumothorax
requiring thoracotomy; rib reduction and internal
fixation could be performed at the same time; (2) pa-
tients with thoracic collapse and abnormal breathing,
flail chest with dyspnea, or an obvious thoracic
deformity, where surgery is required to restore the
shape of the thoracic cavity; and (3) patients with any
of the following conditions: (a) multiple rib fractures
(multiple sites on multiple ribs) with more than three
multiple rib fractures (multiple sites on multiple ribs)
with dislocation of the fracture ends; (b) five or more
single rib fractures with dislocation of the fracture
ends and intractable chest pain; (c) a fracture site
with special properties, with serious dislocations that
pose a risk to vital blood vessels and organs; (d) frac-
ture ends that were dislocated and failed to heal after
conservative treatment for at least 2 months; (e)
higher requirements for quality of life; and (f) no ser-
ious osteoporosis or systemic complications, with no
osteomyelitis or pyogenic infection in the local area.
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Previous studies have demonstrated that patients that
underwent open reduction and internal fixation experi-
enced a significant reduction of chest pain and an effect-
ive recovery of cough, which aids expectoration [20-22].
For these patients, getting out of bed early in the postop-
erative period not only promoted recovery but reduced
the incidence of atelectasis.

If patients develop an encapsulated pleural effusion or
fiberboard, it is often necessary to clean the pleural
cavity and peel off the fiberboard. During the operation,
the anesthesiologist should repeatedly aspirate the
sputum to drum up the lung and promote pulmonary
reexpansion. If the patient has a tracheal injury, active
surgical repair will also be necessary [23].

In the present study, 8 patients achieved pulmonary
reexpansion through the surgical removal of pulmonary
restrictions, while 15 cases were discharged after refus-
ing surgical treatment. Due to the high costs associated
with surgery and the use of ventilators, the cost of
hospitalization of the reexpansion group was signifi-
cantly higher than that of the non-reexpansion group.

During the course of our study, we found that a
considerable proportion of patients (43%) lacked an
understanding of atelectasis, or did not find it worthy of
attention. Some patients even had a fluke mentality and
hoped to achieve recovery through conservative treat-
ments alone. Because no patients died during the course
of the study or the follow-up period, we were able to
evaluate the patients’ prognoses by asking about their
satisfaction with their quality of life after discharge. We
found that some patients in the non-reexpansion group
gradually achieved reexpansion within 3 months of dis-
charge (22%); this may have been the result of the pa-
tients gradually absorbing the pleural effusion and
having had a mild degree of atelectasis. These patients
also reported a higher quality of life than were reported
by patients that failed to achieve reexpansion. However,
the reexpansion group reported a higher quality of life
than the non-reexpansion group did, and this difference
was statistically significant. This indicates that the
reexpansion group had a better prognosis than the non-
reexpansion group. Therefore, we recommend that
atelectasis be addressed and treated as proactively and
correctly as possible in order to achieve pulmonary reex-
pansion and improve the patient’s prognosis and quality
of life.

For conservative treatment measures, our recommen-
dations are as follows:

(1) Prompt drainage and maintenance of unobstructed
drainage, with improved drainage if necessary, to
relieve extra-pulmonary compression restrictions

(2) The need for positive pressure ventilation ventilator
assisted therapy (PEEP) in some critically ill
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patients, which can reduce airway dead space and
improve pulmonary oxygenation, while reducing
capillary fluid leakage and improving pulmonary
edema

(3) Timely review of chest CT for lung condition and
promptly aspirate and lavage with fiberoptic
bronchoscopy as often as necessary, both to relieve
intrapulmonary obstructive factors and to facilitate
inflammatory regression. For patients for whom
surgical treatment is indicated, we recommend
surgery to treatment

Conclusions

Atelectasis is a common complication of thoracic trauma
that may lead to secondary complications if it is not
treated promptly and correctly. When effective compre-
hensive treatments are used in a timely manner, patients
with atelectasis can experience an improved therapeutic
effect and have a better prognosis.
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