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Pulmonary contusion (PC) is the most frequent blunt chest injury which could be used to identify patients at
high-risk of clinical deterioration. We aimed to investigate the clinical correlation between PC volume and out-
come in patients with blunt chest trauma (BCT).

BCT patients with PC were identified retrospectively from the prospectively collected trauma registry database
over a 2-year period. Contusion volume was measured and expressed as percentage of total lung (CTCV) vol-
ume using three-dimensional reconstruction of thoracic CT images on admission. Data included patients’ de-
mographics, mechanism of injury (MOI) and injury severity, associated injuries, CTCV, mechanical ventilation,
complications, and mortality.

A total of 226 BCT patients were identified to have PC with a mean age of 35.2 years. Motor vehicle crash
(54.4%) and falls (16.4%) were the most frequent MOlIs. Bilateral PC (61.5%) was more prevalent than right-
sided (19.5%) and left-sided PC (19%). CTCV had a significant positive correlation with ISS; whereas, age and
Pa02/FiO2 ratio showed a negative correlation (p<0.05 for all). The median CTCV was significantly higher in
patients who developed in-hospital complications (p=0.02). A CTCV >20% was associated with increasedrisk of
acute respiratory distress syndrome (ARDS), blood transfusion and prolonged mechanical ventilation. However,
multiple linear regression analysis showed that CTCV alone was not an independent predictor of in-hospital
outcomes. Presence of chest infection, CTCV, and Injury Severity Scores were predictors of ARDS.

Quantifying pulmonary contusion volume could allow identification of patients at high-risk of ARDS. CTCV has
a significant correlation with injury severity in patients with BCT. Further prospective studies are needed to ad-
dress the validity of CTCV in the patients care.
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Background

Blunt chest trauma (BCT) causing structural damage to the
thoracic region is associated with substantial morbidity and
mortality, especially in polytrauma patients [1]. Pulmonary con-
tusion (PC) is the most frequent chest injury (25-80%) with sig-
nificant mortality (10-20%) in severely injured patients [2,3].
Therefore, patients who sustained significant blunt thoracic
injuries are anticipated to have PC [4]. Motor vehicle crashes
(MVCs) are the major cause of blunt thoracic trauma result-
ing in PC [5]. Crash parameters indicating higher severity are
correlated well with the risk of developing PC [2].

Plain chest radiograph is a conventional tool to detect PC, and
is limited by the possibility of delayed appearance of the char-
acteristic injury findings [6]. Also, it fails to diagnose, or un-
derestimates, the size of the PC which misleads the actual
clinical picture [7]. A recent meta-analysis suggested ultraso-
nography to be a better screening tool for the diagnosis of PC
but with inaccurate quantification [3]. Computed tomography
(CT) is the modality of choice to diagnose and quantify PC vol-
ume (CTCV) in chest trauma patients [8]. An earlier study dem-
onstrated prognostic implications of a novel CT volume index
score in polytrauma patients with PC [9]. It has been suggest-
ed that patients with CTCV scores >20% of total lung volume
are at increased risk for developing pulmonary complications.
Therefore, this score can be used for risk-stratification and ear-
ly management in subsets of chest trauma patients identified
to be at higher risk of these complications. Accurate measure-
ment of contusion volume helps in predicting patients at in-
creased risk of developing acute respiratory distress syndrome
(ARDS) [10]. These findings argue for the clinical implications
of contusion volume in identifying patients at increased risk of
clinical deterioration. Therefore, we aimed to investigate the
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clinical correlation between PC volume and outcome in pa-
tients with BCT.

Material and Methods

It is a retrospective analysis of all BCT patients with PC iden-
tified from the trauma registry database at Hamad General
Hospital, the only Level | trauma center in the state of Qatar
between 2012 and 2014. Data included demographics, initial
vitals, base deficit, serum lactate, chest abbreviated injury scale
(AIS), chest tube insertion, intubation, long bone fracture, poly-
trauma, blood transfusion, affected lung(s), lung contusion vol-
ume, injury severity score (ISS), chest infection, acute respi-
ratory distress syndrome (ARDS), ventilatory days, intensive
care unit (ICU), and hospital length of stay (LOS) and mortal-
ity. The in-hospital outcomes measures included mechanical
ventilation, duration of ICU and hospital length of stay, and
complications (chest infection and/or ARDS and/or mortality).

CT volume was calculated based on the ratio of contused
lung to the total lung volume, to measure the volume of lung
contusion. The detection and quantification of PC was based
on CT scan evaluation performed by a consultant radiologist.
Trauma patients with suspected thoracic and abdominal inju-
ry were scanned using a Siemens Somatom 64-slice CT scan-
ner (Siemens Health Services, Erlangen, Germany) after ad-
ministration of intravenous contrast. Images were evaluated
in soft tissue, lung, and bone windows for assessment of in-
jury. Pulmonary contusions appeared as areas of lung consoli-
dation. Three-dimensional volumetric analysis of the data was
performed on the workstation (Figure 1). The total lung vol-
ume and volume of each contusion was calculated. The total
volume of lung contusions in both lungs was then calculated

Left upper lobe

Trachea

Axial

Pulmonary contusion

Coronal Sagittal

Figure 1. Thoracic computed tomography scan showing pulmonary contusion in left lung.
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and expressed as a percentage of the lung volume. Moreover,
chest x-ray was performed according to ATLS algorithm for
management of trauma patients. Blood transfusion was per-
formed in hemodynamically unstable patients as per the dis-
cretion of the treating physician. It was considered an indi-
cation of hemorrhagic shock, if an unstable patient did not
respond to the initial two liters of normal saline.

Polytrauma was defined as ISS of greater than 15 points, AIS
score of three or greater in at least two body regions and at
least one of five standardized pathologic conditions: hypoten-
sion (systolic blood pressure <90 mm Hg), unconsciousness
(GCS score <8), acidosis (BE <-6.0), coagulopathy (PTT >40
seconds or INR >1.4), and age (>70 years) [11].

Pulmonary complications were defined as the development
of respiratory tract infection, empyema, or ARDS. The diag-
nosis of chest infection(pneumonia) was confirmed by posi-
tive culture of sputum and/or the combination of fever, leu-
kocytosis and a suspected infiltrate on chest x-ray. ARDS was
defined according to the Berlin modification of the American
European Consensus [12] which includes acute onset of known
clinical insult (within one week), Pa02/FiO2 ratio of less than
300 mm Hg with with a minimum of 5cm H,0 PEEP, bilateral
opacities on chest radiograph, and respiratory failure not ful-
ly explained by heart failure or fluid overload.

Pulmonary or lung contusion is an entity involving injury to the
alveolar capillaries, without any tear or cut in the lung tissue
which results in collection of blood and other fluids within the
pulmonary tissue [13]. A previous study showed a critical con-
tusion volume (>20%) of total lung volume to be considered as
the maximally sensitive and specific screening value for the de-
velopment of complications [9]. Therefore, we categorized con-
tusion volume into two groups as CTCV <20% and CTCV 220%.

Patients with lung atelectasis were excluded from the study and
no CT scan measure was taken into consideration. Atelectasis
can be distinguished from lung contusion radiologically by CT
scan [14,15]. The ratio between the arterial, oxygenation pres-
sure (Pa02) and the fraction of inspired oxygen (FiO2) were cal-
culated to reflect the functional status on oxygenation (Pa02/
FiO2 ratio). In this calculation, the PaO2 was used from the
first arterial blood sample obtained during initial evaluation
in the resuscitation room. The FiO2 was determined depend-
ing on the intubation status. For intubated patients, a FiO2 of
1.0 was used, because of routine oxygenation with 100% O, in
the emergency department. For non-intubated patients a Fi02
of 0.60 was used, because of routine oxygenation with a non-
rebreathing mask, using 10 to 15 L O, per minute. This study
was approved by the Medical Research Center (IRB# 13331/13)
at Hamad Medical Corporation, Doha, Qatar.
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Statistical analysis

The data were presented as proportions for categorical vari-
ables, and medians (range), or mean + standard deviation (SD)
for continuous variables. Correlations between CTCV score and
outcomes were made using univariate and multivariate analy-
sis to investigate whether CTCV score could predict outcomes
in trauma patients. Univariate Pearson’s correlation analysis
was performed between continuous predictor variables (CTCV,
age, ISS, and Pa02/Fi02 ratio) and continuous outcome vari-
ables (hospital LOS, ICU LOS, and ventilator days). The correla-
tion between contusion volumes and pooled outcomes (chest
infection, ARDS and/or mortality) were analyzed using side-by-
side box plots. Receiver operating curve (ROC) analysis was per-
formed for contusion volume to predict in-hospital outcomes.

Differences between categorical variables (i.e., chest infec-
tion, ARDS, and mortality) among the two groups were ana-
lyzed using chi-square test. For continuous variables, Student
t-test (i.e., hospital LOS, ICU LOS, and ventilator days) was used
and nonparametric Mann-Whitney U test was performed for
skewed variables. A two-tailed p value of <0.05 was consid-
ered significant.

A multiple linear regression analysis was performed for con-
tinuous in-hospital outcomes i.e., hospital LOS, ICU LOS, and
ventilator days after adjusting for age, CTCV, Pa02/FiO2 ra-
tio, chest AIS, chest infection, chest tube insertion, bilateral
contusion, polytrauma, injury severity score (ISS) and ARDS.
Another regression analysis was performed for the develop-
ment of ARDS after adjusting for the potential confounders
(age, PF ratio, chest AlS, chest infection, polytrauma, pulmo-
nary contusion volume, bilateral contusion, and ISS). Data
analysis was carried out using the Statistical Package for the
Social Sciences version 18 (SPSS, Inc., Chicago, IL USA). Post
hoc power analysis was conducted using the software pack-
age G*Power 3.0.10 for multiple regression analysis.

Results

Overall patients characteristics

Of the total 500 blunt chest trauma patients admitted to HGH,
226 (45.2%) were identified to have pulmonary contusion by
thoracic CT scan (CTCV) with a mean age of 35.2+13.1 years
and 93% of them were males (Table 1). Motor vehicle crash
(54.4%), fall from height (16.4%), and pedestrian-traffic acci-
dents (15.5%) were the most frequent mechanisms of inju-
ry. One hundred eighty-four patients (81.4%) sustained poly-
trauma and 79 (35.3%) had long bone fractures. None of the
patient underwent thoracotomy. The mean ISS was 20.5+10.4
and chest AIS was 2.97+0.95. Transfusion of packed red blood
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Table 1. Demographics, presentation and outcome of chest injury patients with lung contusion (n=226).

Variable Data Variable Data

Age (mean +SD) 35.2+13.1

Clizsit Alalareviiss, (L Saene (G0 2.9740.95 GG el RO IO B A%y
(meanJ_rSD) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _ ,,,,,,,,,,,,,,, Ventilatory day (median, range) 8 (1-32)
lomgbone fracture (%) o B intensive care unit stay indays, ;o

Chest tube insertion 77 (34.4%) W(m?ﬂiﬁ@jgr}g?) 7777777777777777777777777777777777777777777777777777777777777777777
polytrauma 184 (814%) Hospital stay (days) 10 (1-144)
Blood transfusion (%) 76 (336%) Mortality 15 (6.6%)

Table 2. Univariate correlation analysis for in-hospital outcomes.

Parameters Pearson’s correlation (r) p-value
CTCV vs. age -0.187 0.005
"""""""" CTCV vs. injury severity score 0210 0002
"""""""" Vs PFrao 0283 o001
"""""""" CTCV vs. intensive caretoS ~ oie7 0060
"""""""" CTCVvs. hospitallos — oo74 0217
"""""""" CTCV vs. ventilatory days o014 o010
"""""""" PFratio vs. injury severityscoe =030 0001
"""""""" PFratio vs. intensive carelOS 034 oo
"""""""" PFratio vs. hospital lOS 024 0002
"""""""" PFratio vs. ventilatory days ~~ -o2s1 003
"""""""" ISS vs. intensive caretl0S o038 o001
"""""""" ISS vs. hospitalstay o037 oot

CTCV - computed tomography based contusion volume; LOS — length of stay; PF ratio — PaO2/FiO2 ratio.

cells was needed in 76 (33.6%) cases and chest tube was placed
in 77 (34.4%) patients.

Intubation and mechanical ventilation was required in 100
(44.2%) subjects, of them 68 had severe head injury, 10 had
respiratory distress with oxygen desaturation despite supple-
mental oxygen, 14 required general anesthesia for abdomi-
nal surgery or orthopedic procedures, and 8 were intubated
for airway protection for maxillofacial injuries.

On CT evaluation, 61.5% of cases showed bilateral lung con-
tusion, 19.5% identified with right-sided contusion, and 19%

had left-sided contusion. The median percentage of CTCV was
7.1 (0.2-59.5) and 42 (18.6%) cases had critical contusion vol-
ume (CTCV >20%). The median mechanical ventilation was 8
(1-32) days, ICU stay was 7 (1-57) days and the hospital stay
was 10 (1-144) days.

Chest infection was observed in 49 (21.7%) cases. Sputum cul-
ture revealed gram-negative microorganisms in 41 cases (11
cases had Klebsiella pneumoniae, three case has Enerobacter clo-
acaents, two had Pseudomonas, seven had Hemophilus influen-
za, six had Acinetobacter baumannii, four had Moraxella catarrh-
alis and eight had other infectious agents) and gram-positive
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Figure 2. Lung contusion volume (CTCV) and severity of PF ratio
(p=0.001).

cocci were identified in eight cases (six had Staphylococcus
and two had Streptococcus).

In-hospital outcomes

ARDS developed in 28 (12.4%) patients and the mortality rate
was 6.6% (15 patients) which mainly constituted head injury (13
cases) and multiorgan failure (2 cases). Table 2 demonstrates a
univariate correlation analysis for in-hospital outcomes. With
respect to CTCV, a significant positive correlation was observed
with ISS whereas, CTCV had a negative correlations with PF ra-
tio (r=—0.283, p=0.001) and age (-0.187, p=0.005).

Moreover, ISS, ventilatory days, ICU and hospital LOS showed
significant negative correlation with PF ratio (p<0.05 for all).
Mean ISS had significant positive correlation with ICU and
hospital LOS (p=0.001).

The mean CTCV was highest in patients with severe PF ra-
tio (15.6, range 1.9-59.5, p=0.001) as compared to moder-
ate PF ratio (8.5, range 1.6-40.2) and mild PF ratio (5.8, range
0.2-55.9), p=0.001 (Figure 2). CTCV was significantly higher in
patients who developed complications (chest infection, ARDS
and/or mortality): [10 (range 0.5-59.5) vs. 6.3 (range 0.2-52.3);
p=0.02] than those who did not have complications (Figure 3).

A multiple linear regression analysis was performed for con-
tinuous in-hospital outcomes i.e., hospital LOS, ICU LOS, and
ventilator days after adjusting for age, CTCV, PaO2/FiO2 ratio,
chest AlIS, chest infection, polytrauma, ISS, and ARDS (Table 3).
A model using ARDS, chest infection, ISS, and polytrauma cor-
related with total hospital LOS (r=0.251, p=0.001), ICU LOS
(R?2=0.524, p=0.001) and ventilator days (R?=0.434, p=0.001)
(Table 3).

224
60.0 318
::143 o 66
50.0
) 19155
2 400 5721 4
£ 118
S 300 105%149
o
g
S 200
a-
10.0
0.0 . -
No complications Complications

Figure 3. Comparison of lung contusion volumes (CTCV) with
outcomes (chest infection, ARDS and/or mortality) in
chest trauma patients.

Lung contusion volume, chest infection, and ISS were predic-
tors of the development of ARDS in another logistic regres-
sion analysis (Table 4).

Table 5 shows the subgroup analysis for the association of
CTCV with the outcomes measures. Development of ARDS
(28.6% vs. 8.7%; p=0.001) and blood transfusion administra-
tion (52.4% vs. 29.3%; p=0.004) were significantly higher in pa-
tients with critical contusion volume (CTCV >20%) than those
with CTCV <20%. Similarly, prolonged mechanical ventilation
was needed in patients with CTCV >20% [13 (range 1-25) vs.
7 (range 1-32); p=0.04].

Discussion

This is a unique study from the Arab Middle East region that
focuses on the clinical correlation of PC measurement with the
outcome in patients with BCT. The key finding of the present
study is the positive correlation between CTCV, injury severi-
ty, and complications. This finding is consistent with an earlier
study which observed that patients with higher CTCV were at
an increased risk of short term complications [9]. PC secondary
to BCT occurs frequently in polytrauma patients, which leads to
adverse hospital outcomes [16]. Identification of high-risk pa-
tients for pulmonary complications in terms of pneumonia and
ARDS after thoracic trauma is crucial for early risk-stratification,
preventive measures and management. In this regard, early ac-
curate quantification of PC has a clinical favorable implication
in severe BCT [9,16,17].

Wang et al. [16] demonstrated that the admission Pa02/Fi02
and CTCV could reflect the PC degree and overall injury se-
verity. In our series, CTCV showed a negative correlation with
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Table 3. Multiple regression analysis* for the predictors of in-hospital outcomes.

Significant predictors p values
Chest infection 0.002
Hospital LOS
ISS 0.013 0.251 (P=0.001)

Chest infection 0.001
Intensive care unit (ICU) LOS ISS 0.011
——————————————————————————————————————————————————————————————————————————————————— 0.524(P=0.001)
Polytrauma 0.034
ICU LOS=15.24+10.13 (chest infection) —11.29 (polytrauma) +0.29 (ISS)
Chest infection 0.001
Ventilatory days =~
ARDS 0.014 0.434 (P=0.001)

Ventilatory days=8.96+6.04 (chest infection) +4.85 (ARDS)

ISS — injury severity score; ARDS — acute respiratory distress syndrome; LOS — length of stay; R — multiple correlation coefficient;

* A multiple linear regression was performed for continuous in-hospital outcomes i.e. hospital LOS, ICU LOS, and ventilator days after
adjusting for age, CTCV, Pa02/FiO2 ratio, chest AlS, chest infection, chest tube insertion, bilateral contusion, polytrauma, ISS and
ARDS.

Table 4. Multivariate analysis for the predictors of ARDS in chest trauma patients.

Variables 0dd ratio 95% CI p-value
Age 1.02 0.96-1.04 0.44
""""""" PFrato 100 09100 037
""""""" Chest abbreviated injury scores 053 o0l7-lé 028
""""""" Chestinfecton 250 4021554 0001
""""""" Poytrauma 06 00579 075
""""""" Pulmonary contusion volume 108  10-114 0006
""""""" Bilateral contusion 152 o21-1087 o067
""""""" Injury Severity scoe 109 101119 002

Table 5. Comparison of pulmonary contusion volume and complications.

CTCV <20% (n=184) CTCV >20% (n=42) p-value
Blood transfusion 54  (29.3%) 22 (52.4%) 0.004
Chestinfecton 7 1% 12 (86% 023
CaRDS 6 ©7%) 12 @se® o001
Hospitaltos 0 (-149 125 (-120 043
intensivecaretos 65 (-5 nooasy 025
Ventilatorydays 7 @3) 13 (25 o004
Mortalty nooeo% 4 ese 040

CTCV - computed tomography based contusion volume; ARDS — acute respiratory distress syndrome; LOS — length of stay.
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Pa02/FiO2 ratio. Based on these findings, lower PaO2/FiO2 ra-
tio and higher CTCV percentage are proportional to the severi-
ty of injury. In addition, we observed a negative correlation of
Pa02/FiO2 ratio with ISS, mechanical ventilation, and ICU stay
which highlights the association of a lower Pa0O2/FiO2 ratio
with a higher ISS and worse hospital outcomes.

In our study, 61.5% cases had bilateral contusion and the
median CTCV was significantly higher in patients who devel-
oped hospital complications. CTCV alone was not an indepen-
dent predictor of in-hospital outcomes. In contrast, an earli-
er study demonstrated a significant correlation of contusion
volume with prolonged ICU stay on multivariate analysis [9].
These authors observed that the complications such as pneu-
monia and ARDS had a significant additive effect on the mul-
tivariate model. In our series, chest infection and injury sever-
ity score played a contributory role to increase hospital length
of stay on the multivariate model. It has been suggested that
in spite of advanced pulmonary management in ICU, PC is of-
ten associated with increased morbidity and morbidity due to
associated polytrauma [13].

We also identified chest infection, injury severity score, and
polytrauma to be associated with ICU length of stay. These re-
sults indicated that appropriate management of trauma pa-
tients together with active measures to prevent pulmonary
complications may have a significant impact in reducing ICU
stays which result in better utilization of hospital resources [18].

Only a few published studies have evaluated the association of
CTCV and in-hospital outcomes in chest trauma patients. Miller
et al. [10] reported that patients with CTCV >20% had four-fold
higher rate of ARDS, suggesting that volumetric analysis of tho-
racic CT scans may allow identification of patients at high-risk
for respiratory decompensation. Similarly, Strumwasser et al. [9]
reported that the higher CTCV scores predicted prolonged ICU
stay across all sizes of PC and also CTCV greater than 20% of
total lung volume specifically identified patients at risk for de-
veloping complications. Consistent with these reports, our find-
ings suggested that in addition to prolonged mechanical ven-
tilation, patients who have CTCV >20% are at increased risk
of developing ARDS. Moreover, Pa02/FiO2 ratios were lower
in the severe contusion group. In addition, there was a signif-
icant increase in the frequency of ARDS at CTCV >20% which
could be related to the degree of parenchymal disruption and
subsequent shunt. With improvement in the understanding of
the role of inflammatory mediators in PC, it has become clear
that pulmonary dysfunction could be associated with cytokine
release as well as mechanical damage to the lungs. This could
explain in part the relationship between PC and ARDS, which
has been well described. It could be speculated that the sharp
increase in ARDS with CTCV >20% could be a function of cyto-
kine release reaching a threshold level necessary to cause ARDS.

CLINICAL RESEARCH

Hamrick et al. [19] found that the need for mechanical venti-
lation and duration of ventilator support correlated with the
contusion volume >20% of total lung volume and could be
used to identify high-risk patients required early ventilato-
ry support for improved hospital outcomes. An earlier study
by Tyburski et al. [20] quantified the PC and identified factors
which were correlated with the size of PC. The authors observed
that severe PC scoring (i.e., 10-18 scores) correlated with lower
Pa02: FiO2 ratio, prolonged hospital length of stay, and higher
ISS. In contrast, our study showed that contusion volume did
not independently predict total hospital LOS, ICU LOS, or ven-
tilator days suggesting that outcomes for polytrauma patients
with BCT are multifactorial in nature. This could be explained
by the fact that pulmonary contusion is an evolving lesion and
initial measurements of CTCV only describes the disease at a
single time point. Wang et al. [16] analyzed the implications
of PC volume measurement with three-dimensional CT in the
detection of ARDS at early stage. The authors identified Pa02/
FiO2 ratio and the percentage of CTCV to be the independent
predictors of developing ARDS in patients with BCT. In our se-
ries, lung contusion volume, chest infection, and ISS were in-
dependently associated with the development of ARDS. In ad-
dition, Pa02/FiO2 ratio was not an independent predictor of
ARDS development in our series.

Study limitations

A limitation of the present study was its retrospective nature.
Furthermore, aspiration risk and pneumonia were not well
defined in our records. Also, the measurement of pulmonary
contusion might have introduced some subjectivity into the
findings of our study. To overcome this variation, experienced
radiologists were involved to identify the volume of pulmonary
contusion from the thoracic CT imaging. Furthermore, we be-
lieve that the lack of atelectasis quantification might prevent
distinguishing an effect of CTCV in intubated patient in our
series, which is another limitation of our study. Post hoc pow-
er analysis showed a power=1; however, further prospective
studies with larger sample size are needed to address the va-
lidity of CTCV in the patients care and to demonstrate a dose-
response curve for CTCV and adverse outcomes.

Conclusions

Pulmonary contusion is a common clinical entity in BCT with
a significant risk of morbidity and mortality. Pulmonary con-
tusion volume has a significant correlation with injury severi-
ty. Moreover, quantifying pulmonary contusion volumes could
allow identification of patients at high-risk of ARDS develop-
ment and CTCV >20% are more likely to be associated with
prolonged mechanical ventilation. This could have important
implication for clinical prognostication as well as targeting of
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appropriate patients for the proven therapies. Accurate mea-
surements of PC volume on admission by chest CT scan can
lead to early intervention such as selective ventilatory sup-
port with lung protective strategies, chest physiotherapy, na-
sotracheal suction, and pain relief which may be important in
prevention of pulmonary complications. However, contusion
volume was not found to be independently associated with
pooled in-hospital outcomes suggesting that outcomes of BCT
are influenced by multiple factors.
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