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(=) i ABSTRACT

Background and Aim: Traumatic Brain Injury (TBI) is an essential cause of morbidity and
mortality worldwide. TBI patients frequently encounter lung complications, such as Acute
Lung Injury (ALI) and Acute Respiratory Distress Syndrome (ARDS), which is associated with
poor clinical outcome because hypoxia causes additional injury to the brain. This study aimed
to evaluate the frequency of ALl in patients with TBI and its consequences.
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Available Online: 01 Jul 2021 Methods and Materials/Patients: In this descriptive cross-sectional study, data from all

records of patients admitted to Poursina Hospital’s ICU (emergency and neurosurgery ICU)
in 20 18-2019 were used. The evaluated data included age, gender, type of head trauma
mechanism, kind of brain injury based on CT scan findings, the severity of brain injury based
on Glasgow Coma Scale (GCS), underlying diseases, mean head AlS score, the number of pack
cell units injected, as well as bilateral pulmonary infiltration in favor of ALI and brain injury.

Results: Only 81 of the 557 TBI cases met the inclusion criteria of the present study. The
highest frequency of ALl following TBI was observed on the first day of hospitalization,
in men (0.41%) in the age group of 40-50 years (7%) with severe brain damage (6%) and
subdural hematoma (12%), following a motorcycle accident, cars, as well as on the third day
of hospitalization were seen in men (43.8%) with the age group of 20-30 years (55%) with
severe brain damage (42%) and intra-parenchymal bleeding (57%), following a motorcycle
accident. In addition, no significant correlation was detected between the incidence of ALl
and mortality, the duration of hospitalization, GCS, mean head AIS score, or the extent of
received blood units in our study.
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Acute lung injury, Traumatic ¢ Conclusion: According to the obtained findings, men aged between 20 and 30 years with
brain injury, Glasgow Coma ¢ severe cerebral injury, epidural hematoma and a motorcycle accident presented the highest
Scale (GCS) ¢ rate of progression toward ALl in the first to third days of hospitalization.
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Highlights

e Acute Lung Injury (ALl) is relatively common after Traumatic Brain Injury (TBI) and 15% of patients with isolated
moderate to severe TBI developed ALI.

e The frequency of patients who progressed to acute lung injury by the third day of hospitalization increased, com-
pared to that of the first day. Moreover, the highest frequency respected the age group of 20-30 years (55.1%).

e The obtained results signified that on the third day, the highest frequency of acute lung injury concerned epidural
hematoma (52%), Subdural Hematoma (SDH) (36%), and contusion (35.2%).

e The development of ALl is a critical independent factor affecting mortality in patients with traumatic brain injury,
although this difference was not significant.

Plain Language Summary

Pulmonary complications, such as Acute Lung Injury (ALI) occur in 20%-25% of patients with isolated brain injury
and have a poor prognosis. The present study aimed to determine the incidence of ALl in trauma patients who were
admitted to Poursina Hospital. We aimed to assess the impact of ALI on mortality after isolated traumatic brain injury.
Moreover, we intended to identify whether the development of ALl correlates with the severity of Traumatic Brain
Injury (TBI). For this purpose, clinical data were collected in 2 years at Poursina Hospital. Our results addressed the
highest frequency of ALl following TBI on the first day of hospitalization, in men (0.41%) in the age group of 40-50
years (7%) with severe brain damage (6%) and subdural hematoma (12%) following a motorcycle-car accident; on the
third day of hospitalization, they were detected in men (43.8%) in the age group of 20-30 years (55%) with severe
brain damage (42%) and epidural hematoma (52%), following a motorcycle accident. Besides, no significant correla-
tion was observed between the incidence of ALl and mortality, the duration of hospitalization, Glasgow Coma Scale
(GCS), mean head AlS score, or the extent of received blood units. The development of ALl is a critical independent
factor affecting mortality in patients with TBI. According to the present study findings, men aged 20-30 years with
severe cerebral injury, intra-parenchymal hemorrhage, and a motorcycle accident presented the highest rate of pro-
gression toward ALl during the first to third days of hospitalization.

Despite significant advances in understanding the
pathophysiology of the aforementioned disease, there
exists substantial morbidity and mortality [8]. Mechani-
cal ventilation is used as a mechanism to ensure reliable
oxygen delivery and modulate cerebral hemodynamics
through the control of arterial carbon dioxide tension.
Concurrently, mechanical ventilation can exert harmful
effects on the brain due to complex physiological inter-

1. Introduction

cute severe Traumatic Brain Injury (TBI)
is among the world’s most serious con-
cerns, as well as a leading cause of dis-
ability and mortality [1-4]. TBI may cause
complications in other organs, like the
lungs in addition to direct brain damage,

resulting in systemic inflammatory factors [5]. Damaged
cells secrete a slew of inflammatory mediators, includ-
ing cytokines, chemokines, and Danger-Associated Mo-
lecular Patterns (DAMPS). Moreover, they contribute to
the inflammatory process in the brain and other distant
organs, including the lungs [6]. Acute Lung Injury (ALI)
and its more severe form, Acute Respiratory Distress
Syndrome (ARDS), are followed by an inflammatory pul-
monary response characterized by severe hypoxemia,
reduced pulmonary compliance, and pulmonary infiltra-
tion induced by direct or indirect lung tissue damage [7].

actions between intrathoracic, central venous, and in-
tracranial compartments [9, 10]. In patients with acute
TBI, the incidence of ALI and ARDS was reported in some
studies to be around 30% [6]; in patients with isolated
head trauma, the incidence was reported to range be-
tween 20% and 25%. Moreover, this complication being
an independent predictor factor for poor prognosis. This
data discrepancy was caused by differences in the inclu-
sion criteria; regardless of these differences, all of these
studies reported that the presence of ALI/ARDS was asso-
ciated with increased mortality and morbidity in patients
with severe brain injury [11-18]. It was also associated
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with prolonged hospitalization in the ICU and hospital, as
well as reduced days without ventilators [14].

The most recent definition of ARDS presented in 1994
in the American-European Conference Consensus Com-
mittee [7] is an acute onset syndrome, bilateral pul-
monary infiltration in chest radiography, pulmonary
edema, pulmonary artery wedge pressure less than
18 mmHg, or the lack of clinical signs of high left atrial
pressure, and hypoxia with a ratio of Pa02/Fi02<200,
patients who meet the above criteria; however, have
Pa02/Fio2<300 will generate ALl diagnosis. The severity
of brain damage based on brain CT scan findings, as well
as a low level of consciousness (Glasgow Coma Scale,
GCS), were identified as risk factors for progression to
ALI/ARDS in preliminary studies [11, 12]. However, ad-
ditional cranial characteristics, such as using vasoac-
tive drugs, a history of drug abuse, lung contusion, and
multiple transfusions have recently been proposed [12].
Thus, the current study aimed to determine the inci-
dence of ALl in patients with severe isolated TBI. More-
over, we evaluated the impact of ALl on mortality and
neurologic outcome after severe TBI. Besides, we aimed
to identify whether the development of ALl correlates
with the severity of TBI.

2. Methods and Materials/Patients

This was a prospective, analytical, and cross-sectional
study. The necessary data were collected in 2-years with
the permission of the patient or patient’s family and with
the approval of the Guilan University of Medical Scienc-
es Ethics Committee (Code: GUMS.REC.1397.236) in the
Poursina Medical Research and Training Hospital Center
in Rasht City, Iran, in 2018-2019. Clinical data were col-
lected on arrival to the emergency department, and a
daily basis during the Neurosurgery Intensive Care Unit
(N-ICU) stay. The inclusion criteria included patients
aged between 18 and 55 years, having isolated head
trauma with a head AIS score of >3 (determined by the
Head Abbreviated Injury Scale), no other body region
AlIS score of 23, and receiving supplemental oxygen via
a face mask, t-tube, or mechanical ventilation for >24
hours after hospitalization. The study patients under-
went endotracheal intubation and mechanical ventila-
tion if they had a combination of the following factors,
including the level of consciousness (GCS<8), severe agi-
tation and combativeness, the loss of airway protective
reflexes, significant Intracranial Pressure (ICP) elevation,
as well as hypoxemic respiratory failure, i.e., refractory
to conventional supplemental oxygen.
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The file with incomplete information was excluded
from the study. The demographic information of the
study patients, including age, gender, underlying dis-
ease, the level of consciousness at the hospital according
to Glasgow criteria, the type of mechanism of head trau-
ma (fall, accident, etc.), the type of brain injury based
on CT scan findings (epidural hematoma, subdural he-
matoma, intra-parenchymal hemorrhage, intraventricu-
lar hemorrhage, diffuse axonal injury & cerebral edema,
contusion, cranial fracture, & pneumocephalus).

The severity of TBI was stratified by grouping the re-
search patients according to GCS score [3-8, 11-17],
mean AIS head score, the number of pack cell units
transfused in the first 24 hours of hospitalization, the
type of treatment (surgery or conservative treatment),
the type of airway management (intubation or non-
intubation), the duration of hospitalization, and GCS at
the time of discharge, as well as the patient outcome
as improvement or in-hospital death was assessed and
recorded. The diagnosis of ALl was based on the Interna-
tional Consensus Criteria per Pa02/FiO2 ratio on the first
and third days. If PaO2/FiO2 equaled <300, a chest X-ray
was performed on the same day. Furthermore, according
to a radiologist report (who was blinded to the patient’s
clinical course) on bilateral pulmonary infiltration, ALI
was diagnosed [19]. The obtained data were analyzed by
SPSS software. For descriptive findings, mean, standard
deviation, and odds ratio were applied. The single logis-
tic regression test investigated the relationship between
acute pulmonary injury and brain injury outcome.

3. Results

In total, the records of 557 patients with traumatic brain
injury were reviewed in this study. Moreover, 81 patients
met the inclusion criteria. Accordingly, 15% of patients
with isolated moderate to severe TBI developed ALIl. Of
these, 74(91.35%) subjects were male, and 7(8.64%)
were female. The MeanzSD age of the study subjects was
32.82+11.25 years. The relevant results revealed that the
frequency of patients who progressed to ALl by the third
day of hospitalization increased, compared to the first
day. Moreover, the highest frequency belonged to the
age group of 20-30 years (55.1%). Finally, the lowest rate
concerned the age group 50-60 years (10%).

Regarding the frequency of ALl respecting gender,
43.8% of men and 12.5% of women presented ALl on
the third day. Examining the frequency of ALl based on
the severity of brain injury suggested that on the first
day of hospitalization, only in the group of patients
with severe brain injury (GCS=3-8), 6% developed ALI.
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Table 1. Relationship between acute lung injury and demographic and treatment variables of study patients

Variables OR SD z P Min. to Max.
Airway intubation 0.923 0.42 -0.17 0.86 2.29-0.371
Suzi'f:r']gte::q“;fnt 3.29 156 2.51 0.012 8.1-34.301
Brain injury outcome 1.28 0.515 -0.49 0.626 3.0-53.468
Duration of hospitalization 1.093 0.052 1.70 0.088 1.0-21.986
Number of packed cells transfused 0.895 0.317 -0.35 0.727 0.511-0.733
Head AlS score 0.942 0.417 -0.84 0.400 1.190-0.746
GCS at discharge time 1.194 0.497 0.43 0.668 2.691-0.530

)

INs

Within each dependent measure, means with different subscripts differ significantly (P<0.05); OR: Odds Ratio; SD: Standard Deviation; Z: Z Statis-

tics; P: P-value.

However, on the third day of hospitalization, respect-
ing moderate injury (GCS=9-12) and severe brain injury
(GCS=3-8), respectively, 38.7% and 42% of the study sub-
jects generated ALI. The collected results manifested that
most brain findings were related to contusion based on
CT scan findings; the lowest respected pneumocephalus
and hydrocephalus. On the third day, the highest fre-
quency of ALl was related to epidural hematoma (52%),
subdural hematoma (SDH) (36%), and contusion (35.2%).
On the first day, the most common ALl was reported with
subdural hematoma (12%). Concerning underlying dis-
eases, the most common comorbid condition was hyper-
tension in the study population. Furthermore, 66% of pa-
tients who had endotracheal intubation on the first day
and 6% on the third day had acute lung injury, i.e., not
much different from those who had no intubation (61%
& 62% on the first & third day, respectively).

In terms of treatment, 66.6% of patients who under-
went craniotomy had ALl on the first day, while 39.7%
of patients undergoing conservative treatment present-
ed ALl in the same period. This frequency was reported
to be 57.5% vs. 29.1% on the third day in patients who
underwent craniotomy and maintenance treatment, re-
spectively. Table 1 presents the relationship between ALI
and airway intubation, surgical treatment, brain injury
outcome, the duration of hospitalization, the number of
packed cells, head AIS score, and GCS at discharge time.
Table 1 presents that craniotomy alone was directly and
significantly associated with ALI.

Table 2 examines the relationship between the differ-
ence between ALl on the first and third day based on GCS

upon arrival. This table outlines that the coefficient of re-
lationship between these two variables equaled 127.81,
indicating a direct relationship between these variables;
however, it was not statistically significant (P=0.210).

4. Discussion

The present study determined the incidence of ALl in
trauma patients with severe TBI; evaluated the impact
of ALI on mortality and neurologic outcome after severe
TBI, and o identified whether the development of ALl
correlates with the severity of TBI. The obtained results
suggested that 15% of the examined patients with severe
TBI developed ALI.

In this study, the highest incidence of ALl following TBI
on the first day of hospitalization belonged to the age
group of 40-50 years (7%); on the third day of hospitaliza-
tion, this rate belonged to the age group of 20-30 years
(55.1%). In addition, in both periods, the incidence of
men was higher than women (0.41% vs. zero on the first
day & 43.8% vs. 12.5% on the third day). In the study by
Hendrickson et al., the mean age of patients with ARDS
following TBI was equal to 45 years [20]. Furthermore,
87% of the patients were male. In the study of Scholz et
al., the incidence of ARDS following TBI at admission was
higher in the elderly; however, 48 hours later, there was
no significant difference between age groups. Moreover,
ARDS was higher in men than women in the first 6 hours
and 18 hours after TBI [21].

The collected data revealed no significant gender-wise
difference and the frequency of ALl on the first and third
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Table 2. Difference between acute lung injury on the first and third day by sex, age, trauma mechanism, and GCS on arrival

Variables Coefficient SD t P Min. Max.
Gender -86.94 168.07 -0.52 -0.52 -421.69 247.802
Age -6.059 4.614 -1.31 -1.31 -15.249 3.130
Mechanistic of trauma 35.136 25.364 139 1.39 -15.381 85.654
GCS upon arrival 127.817 100.997 1.27 1.27 -73.337

328.971

Within each dependent measure, means with different subscripts differ significantly (P<0.05).

day of hospitalization; however, the risk of ALl following
TBI in men was more than that in women. This may be
due to the higher incidence of high-risk behaviors, like
tobacco or alcohol use, among males.

The present study results indicated that in the first and
third days of hospitalization, the highest incidence of ALI
following TBI concerned individuals with severe brain in-
jury (GCS=3-8) (6% on the first day & 42% on the third
day). However, no patient with a mild brain injury pre-
sented ALl. Moreover, there was no significant difference
between the severity of brain injury and the frequency
of ALl on the first and third days of hospitalization (mod-
erate vs. severe TBI). In the study by Hendrickson et al.
[20], the mean GCS in patients with ARDS following TBI at
admission was measured to be 6, i.e., lower than that in
those without ARDS (GCS=7). In other words, the severity
of brain damage in individuals with pulmonary compli-
cations following traumatic brain injury was higher than
that in those without these complications. However, in
the study of Kazemi et al., the MeanzSD GCS score in pa-
tients with TBI-induced ARDS (9.4+4.9) was significantly
higher than that in those without this syndrome (5.6+3.2)
[22].

In our study, the highest incidence of ALl was reported
on the first day of hospitalization in patients with SDH
(12%) and Subarachnoid hemorrhage (SAH) (10%). These
statistics concerned epidural hematoma (52%), SDH
(36%), and contusion (35.2%) on the third day of hospi-
talization. In the study of Kazemi et al., the most common
complication associated with TBI in patients with ARDS
were subdural hematoma (57.1%), cerebral contusion
(51.4%), and spider hemorrhage (40%), respectively. In
the study of the history of underlying diseases, 6 sub-
jects in the present investigation had hypertension, only
one of whom presented ALl on the third day. In Kazemi
et al’s [22] study, hypertension was the most frequent
underlying disease associated with ARDS in patients with
TBI. These results were in line with those of Contant and

colleagues [12]. In this study, hypertension pressure was
also suggested as a risk factor for ARDS following TBI.

In our study, no significant relationship was found be-
tween the incidence of ALl and death, intubation, hospi-
tal stay, blood transfusion, mean head AIS score, and the
GCS of patients at discharge. Although the incidence of
ALl was directly related to the rate of intubation, mortal-
ity, hospital stay, and the GCS of patients at discharge;
it was inversely related to the units of received blood
units, the mean AlS score was on their heads. There was
also a significant relationship between the incidence of
ALl on the third day and craniotomy. In the study by Lee
et al. [23], in line with our study, an increase in mortal-
ity and mortality in patients with TBI-induced ARDS was
reported. Robba et al. [24] also stated that acute respi-
ratory distress syndrome, acute pulmonary injury, is a
strong risk factor for in-hospital death and mortality in
patients with traumatic brain injury. In the study of Hen-
drickson et al. [20], contrary to the results of our study, a
significant relationship was found between ALl and AIS
head scores. In Hendrickson’s study [20], the relationship
between ALl and the number of received blood units by
patients was not studied; however, no significant differ-
ence was found between patients with ARDS following
TBI and those without it concerning the number of re-
ceived blood units.

5. Conclusion

TBI-Induced ALl is a relatively common complication.
The present research results suggested that this compli-
cation would occur more on the third day. Factors, such
as severe brain damage, the age range of 20 to 30 years,
and epidural hematoma are risk factors for this complica-
tion. Attention to this complication and precise respira-
tory care should be considered in ALl patients. Further
studies are necessary to create diagnostic and therapeu-
tic guidelines that can provide a better clinical outcome
for these patients.
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