
A telectasis is one of the common complications 
occurring in the perioperative period [1 , 2],  in 

intensive care [3 , 4],  and among trauma patients [5-9].  
In some cases,  atelectasis may cause desaturation or 
respiratory failure,  which may influence the patient’s 
outcome [3 , 10 , 11].  Atelectasis can be seen on com-
puted tomography (CT) images in the dependent lung 
as it progresses to acute respiratory distress syndrome 
(ARDS) [12].  We can divide atelectasis into 6 types 
based on the differing underlying mechanisms [13 , 14]:  
resorption (absorption),  adhesive,  passive,  compres-
sive,  cicatrization,  and gravity-dependent atelectasis.  

Among these types,  high-inspired oxygen is known as 
one of the etiologies of resorption (absorption) atelecta-
sis [1],  and it occurs mainly in dependent lung regions 
[15].

A relationship between the oxygen concentration 
and atelectasis formation has been described in several 
investigations.  In animal studies,  the high-inspired 
oxygen concentration causes absorption atelectasis in 
the setting of mechanical ventilation [16] or early ARDS 
[17].  A clinical study reported that hyperoxia and 
hypergravity are independent risk factors of reversible 
atelectasis formation [18].  In a clinical setting,  it was 
reported that (1) atelectasis developed soon after the 
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We performed a retrospective cohort study of 911 high-energy trauma patients who underwent chest CT scans 
at least twice after admission.  We hypothesized that in high-energy trauma patients,  a high-inspired oxygen 
concentration delivered after admission results in dorsal atelectasis.  The study’s primary outcome was dorsal 
atelectasis formation diagnosed based on CT images.  We defined dorsal atelectasis as the presence of atelectasis 
at ≥ 10 mm thick on CT images.  We defined high-inspired oxygen concentration as > 60% oxygen delivered 
between two CT scans.  Four hundred sixty-five patients (51.0%) developed atelectasis according to the second 
CT scan,  and 338 (37.1%) received a high-inspired oxygen concentration.  A univariate analysis showed that the 
rate of the high-inspired oxygen concentration in the atelectasis group was significantly higher than that in the 
non-atelectasis group (43.4% vs. 30.1%,  p < 0.001).  However,  a logistic regression analysis showed that there was 
no significant relationship between the oxygen concentration and the formation of dorsal atelectasis 
(OR: 1.197,  95%CI: 0.852-1.683,  p = 0.30).  Age,  the Injury Severity Score,  BMI,  and smoking were found to 
be risk factors of dorsal atelectasis formation in high-energy trauma patients.  There was no relationship 
between the oxygen concentration and atelectasis formation in our series of high-energy trauma patients.
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induction of general anesthesia,  and (2) 100% oxygen 
was a significant cause of atelectasis during the induc-
tion of anesthesia [19 , 20].  The use of 30-40% oxygen 
or the addition of positive end-expiratory pressure 
(PEEP) to 100% oxygen at the general anesthesia is thus 
recommended [21].  In ARDS patients,  the use of 100% 
oxygen (vs. 60%) worsened oxygenation [22].

Conservative oxygen therapy (COT) (i.e.,  a target 
SpO2 value of 90-92%) might be associated with 
decreased radiological evidence of atelectasis [23 , 24] 
and with reduced intensive care unit (ICU) [25],  
in-hospital,  and 30-day mortality [26].  In light of these 
reports,  high concentration oxygen appears to be one of 
the leading causes or risk factors for atelectasis forma-
tion,  and there may be clinical evidence of the efficacy 
of COT,  which is oxygen restriction.

Even among trauma patients,  pulmonary complica-
tions are significant problems that might cause worse 
outcomes [27] and respiratory failure (e.g.,  injury/
ARDS) [28].  Atelectasis had been described as a fre-
quent cause of early post-traumatic lung dysfunction 
[6].  In terms of the inspired oxygen concentration,  
100% oxygen with a high flow rate is usually recom-
mended for these patients [29].  However,  no studies 
have reported an association between the delivery of a 
high-inspired concentration of oxygen and atelectasis 
formation in such patients.  We conducted the present 
study to analyze the relationship between a high-in-
spired oxygen concentration and dorsal atelectasis for-
mation in high-energy trauma patients.  We hypothe-
sized that a high-inspired oxygen concentration 
delivered after admission results in dorsal atelectasis in 
high-energy trauma patients.

Patients and Methods

This was a single-center retrospective cohort study 
conducted to investigate patients treated at Fukuyama 
City Hospital during the period from April 2008 to 
March 2010.  The Institutional Review Board of 
Fukuyama City Hospital approved this study (approval 
no. 187; April 21,  2014).  Patient informed consent 
was waived because of the study’s retrospective design.  
We provided an opportunity for patients to opt out of 
the study.  The tr ia l  registrat ion number 
UMIN000025255 was registered retrospectively on 
December 13,  2016.

We included high-energy trauma patients who were 

transported and admitted to our emergency depart-
ment and had undergone at least 2 chest computed 
tomography (CT) scans.  The definition of ‘high energy 
trauma’ was adapted from the criteria of the Fire and 
Disaster Management Agency of Japan’s Ministry of 
Internal Affairs and Communications [29].  At our 
institution at that time,  almost all high-energy trauma 
patients underwent two CT scans: at their arrival to the 
emergency department,  and approx.  24 h after admis-
sion.

We assessed the incidence of dorsal atelectasis in the 
patients by comparing these two CT scans of each 
patient.  We measured the thickness of atelectasis from 
the dorsal chest wall in each CT image and compared 
the atelectasis thickness between the high-oxygen group 
and the low-oxygen group.  In this study,  we defined 
‘dorsal atelectasis’ as the presence of atelectasis with a 
thickness of ≥ 10 mm,  taking the measurement results 
into account.  We excluded patients who did not 
undergo a second CT scan,  those who died within 24 h 
from their injury,  those who were not categorized as 
high-energy trauma,  and those who were re-trans-
ported to our hospital after having been accommodated 
in another hospital.

We evaluated the following parameters as baseline 
characteristics: sex,  age,  Injury Severity Score (ISS),  
smoking history,  history of respiratory disease,  and 
body mass index (BMI).  We investigated severely 
injured patients whose Abbreviated Injury Score (AIS) 
of any part of the body was assessed as ≥ 3,  the patients 
with a thoracic AIS score of ≥ 3,  and the patients with 
an abdominal AIS score of ≥ 3.  We also examined the 
relationship between the surgical procedure under gen-
eral anesthesia (GA),  mechanical ventilation (MV) in 
the ICU,  and the order of complete bed rest.

We determined whether a high-inspired oxygen 
concentration was delivered between each patient’s first 
and second CT scan.  In this study,  we defined ‘high- 
inspired oxygen concentration’ as > 60% oxygen deliv-
ered between the two CT scans.  If the patient was 
mechanically ventilated (invasive positive pressure ven-
tilation [IPPV] or non-invasive positive pressure venti-
lation [NPPV]),  a high-inspired oxygen concentration 
was defined as 60-100% of the fraction of inspired oxy-
gen.

The absence of a need for mechanical ventilation 
(i.e.,  ‘without MV’) was defined as the delivery of oxy-
gen ≥ 6 L/min with the use of a non-rebreathing mask.  

18 Ishii et al. Acta Med.  Okayama　Vol.  74,  No.  1



Following the ‘pre-hospital oxygen administration pro-
tocol’ of our medical control institution,  the emergency 
medical service administered 100% oxygen (> 10 L/min 
using a non-rebreathing mask) to all of the high-energy 
trauma patients,  and all patients enrolled in this study 
continued to receive the same flow rate of oxygen until 
the first CT scan.

If a patient required ventilation by endotracheal 
intubation before the first CT examination,  he or she 
was ventilated with 100% oxygen until admission to the 
emergency ICU.  During the study period,  we usually 
adjusted the oxygen flow at the time of the patient’s 
admission to the ICU or high-care unit after the first CT 
examination.  However,  because there was no policy of 
adjusting the oxygen flow after admission,  the oxygen 
flow adjustment was decided by the emergency physi-
cian in charge.  We often administered high oxygen to 
high-energy trauma patients after admission.  When we 
evaluated the incidence of atelectasis revealed by CT,  we 
were blinded to the high-/low-oxygen status of the 
patients.

The primary outcome of the study was dorsal atelec-
tasis formation in the high-energy trauma patients,  
diagnosed based on the CT scan results.  The study’s 
secondary outcome was dorsal atelectasis formation in 
the subgroup of patients who did not exhibit atelectasis 
in the first CT scan (excluding initial atelectasis).  We 
also performed a subgroup analysis regarding the rela-
tionship between the high-inspired concentration of 
oxygen and atelectasis formation in the patients divided 
according to age,  the patient severity (ISS),  BMI,  and 
with/without mechanical ventilation.  We defined the 
age,  ISS,  and BMI subgroups as < 65 years versus ≥ 65 
years,  ISS < 9 versus ≥ 9,  and BMI < 25 versus ≥ 25,  
respectively.

We did not calculate the sample size at the start of 
the study because it was not available.  We conducted 
the study for a period of 3 years.  The data are expressed 
as the mean and standard deviation (SD) or the number 
of patients and percentage (%).  Comparisons between 
the atelectasis group and non-atelectasis group were 
conducted using the Chi-squared test,  Student’s t-test,  
or a repeated measure analysis of variance (ANOVA).  
We performed a multivariate logistic regression analysis 
to determine the incidence of dorsal atelectasis as an 
independent variable with the following factors:  
patient sex,  age,  ISS,  smoking,  history of respiratory 
disease,  BMI,  surgical procedure under general anes-

thesia between CT scans,  mechanical ventilation 
between CT scans,  ordered complete bed rest,  and 
duration of oxygen delivery (the time between CT 
scans).  In this analysis,  we selected the ISS as the 
severity of the trauma.  We did not select AIS ≥ 3 (any 
part),  Thoracic AIS ≥ 3,  or Abdominal AIS ≥ 3,  because 
the ISS was calculated from the AIS.  We used SPSS 
software for the statistical analyses.

Results

We enrolled 1,416 trauma patients during the study 
period,  and we excluded 457 patients,  including those 
without high-energy trauma (n = 234),  burn patients 
(n = 4),  those who died within 24 h from injury (n = 48),  
and those who were re-transported to our hospital after 
having been accommodated in another hospital (n=169).  
We also excluded 48 patients with missing data,  includ-
ing patients who did not undergo a second CT.  We thus 
studied a final total of 911 high-energy trauma patients 
who were admitted to the emergency department of our 
hospital and who underwent CT at least twice (Fig. 1).

The mean age of the patients was 48 (SD 23.3) years.  
The number of men was 599 (65.8%),  the number of 
smokers was 425 (46.7%),  and the mean BMI of the 
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1,416 trauma patients

959 high-energy trauma patients

We analyzed 911 high-energy trauma patients

We excluded 457 patients
• Without high-energy trauma(234)
• Burn injury (4)
• Death within 24 hours from injury (48)
• Re-transportation to our hospital (169)
• Others (2) 

We excluded 48 patients
• With missing data
• Without undergoing a second CT

Fig. 1　 The cases of 911 high-energy trauma patients admitted to 
our hospitalʼs emergency department and underwent at least two CT 
scans were analyzed.  We enrolled 1,416 trauma patients; 505 
patients were excluded for various reasons,  leaving a final total of 
911 patients.



patients was 22.5 (SD 4.1).  The mean ISS was 13.9 (SD 
11.7) points.  The number of patients who had an AIS of 
≥ 3 of any part of the body was 542 (59.5%).  The num-
ber of patients who had a thoracic AIS of ≥ 3 was 266 
(29.1%),  and the number of patients who had an 
abdominal AIS of ≥ 3 was 82 (9%).  The number of 
patients who underwent a surgical procedure under 
general anesthesia between CT scans was 288 (31.6%),  
and 195 (21.4%) patients received mechanical ventila-
tion between scans.  The mean duration of oxygen 
delivery (i.e.,  the time from the first CT to the second 
CT [time between CT scans]) was 17.3 h (SD 5.5 h) 
(Table 1).

The number of patients with a high-inspired oxygen 
concentration delivered between CT scans was 338 
(37.1%) (high-oxygen group),  and 573 (62.9%) patients 
received a low oxygen concentration (low-oxygen 
group).  The results of the measurement of atelectasis 
thickness in the high- and low-oxygen groups are illus-
trated in Fig. 2.  The mean atelectasis thickness values of 
the high-oxygen group at the first and second CT exams 

were 6.13 (SD 8.82) and 12.57 (12.36),  and those of the 
low-oxygen group at the first and second CT exams 
were 3.57 (6.82),  and 8.84 (11.13),  respectively.  There 
were significant differences between the values at the 
first and second CT scans in both groups according to 
the repeated measure ANOVA (both p < 0.001).

Among the 911 high-energy trauma patients,  465 
(51.0%) patients exhibited dorsal atelectasis in the sec-
ond CT scan (the atelectasis group),  and 446 (49.0%) 
patients had no dorsal atelectasis (the non-atelectasis 
group).  In the atelectasis group,  252 cases (27.7%) 
already had atelectasis at the first CT scan; this corre-
sponds to 54.4% of the atelectasis group.  In the non-at-
electasis group,  there was no case in which atelectasis 
was recognized in the first CT.  Compared to the 
non-atelectasis group,  the atelectasis patients were 
older [mean 58.5 (SD 18.0) years vs. 37.8 (23.6) years],  
had higher ISS values [17.6 (12.3) vs. 10.1 (9.7) points],  
and had higher BMI values [23.7 (4.0) vs. 21.8 (3.88) 
kg/m2].

Between CT scans,  the atelectasis patients were 
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Table 1　 Patient characteristics,  primary outcomes according to the univariate analysis,  and comparison of the atelectasis and non- 
atelectasis groups

Characteristic
Total patients (%) Atelectasis Non-atelectasis

n＝911 n＝465 n＝446 p-value

Men,  No. (%) 599 (65.8%) 314 (67.5%) 285 (63.9%)
Age,  mean (SD),  years old 48 (23.3) 58.5 (18.0) 37.8 (23.6) ※＜0.001
ISS,  mean (SD) 13.9 (11.7) 17.6 (12.3) 10.1 (9.7) ※＜0.001
AIS ≥3 (any part),  No. (%) 542 (59.5%) 344 (74.0%) 198 (44.4%) ※＜0.001
Thoracic AIS ≥3,  No. (%) 266 (29.1%) 203 (43.7%) 63 (14.1%) ※＜0.001
Abdominal AIS ≥3,  No. (%) 82 (9%) 66 (14.2%) 16 (3.6%) ※＜0.001
Smoking,  No. (%) 425 (46.7%) 240 (51.6%) 185 (41.5%) ※　0.002
History of respiratory disease,  No. (%) 33 (3.65%) 15 (3.2%) 18 (4.0%)
BMI,  mean (SD),  kg/m2 22.5 (4.1) 23.7 (4.0) 21.2 (3.88) ※＜0.001
Surgical procedure under GA between CT scans,  No. (%) 288 (31.6%) 174 (37.4%) 114 (25.6%) ※＜0.001
Mechanical ventilation between CT scans,  No. (%) 195 (21.4%) 137 (29.5%) 58 (13.0%) ※＜0.001
Ordered complete bed rest,  No. (%) 639 (70.1%) 348 (74.8%) 291 (65.2%) ※　0.001
Duration of oxygen delivery (time between CT scans), 
mean (SD),  hrs 17.3 (5.5) 18.0 (5.2) 16.6 (5.6) ※＜0.001

High-inspired oxygen concentration delivered between 
CT scans＊,  No. (%) 338 (37.1%) 202 (43.4%) 136 (30.1%) ※＜0.001

＊High-inspired oxygen concentration: mechanical ventilation (IPPV or NPPV) with high fractions of inspired oxygen (FIO2) ranging from 
60% to 100%,  or spontaneous breathing with 6 liters/minute or more oxygen delivery using a non-rebreathing mask.
※p＜0.05.  There was a significant difference in the inspired oxygen concentration between the atelectasis and non-atelectasis groups 
according to the univariate analysis,  and almost all of the other factors were significantly different between the atelectasis and non-atelec-
tasis groups except for gender and history of respiratory disease.  AIS,  Abbreviated Injury Score; BMI,  body mass index; CT,  computed 
tomography; GA,  general anesthesia; IPPV,  invasive positive pressure ventilation; ISS,  Injury Severity Score; NPPV,  non-invasive posi-
tive pressure ventilation.



more likely to have undergone a surgical procedure 
under general anesthesia [174 (37.4%) vs. 114 (25.6%)] 
and mechanical ventilation [137 (29.5%) vs. 58 (13%)] 
and to be ordered complete bed rest [348 (74.8%) vs. 
291 (65.2%)].  The duration of oxygen delivery (i.e.,  the 
time between CT scans) was significantly longer in the 
atelectasis group compared to the non-atelectasis 
group: mean 18.0 (SD 5.2) h versus 16.6 (5.6) h,  respec-
tively (Table 1).

Primary outcome. When we compared the inci-
dence of high-inspired oxygen concentration adminis-
tration between the groups in a univariate analysis 
(Table 1),  we observed that the patients in the atelecta-
sis group received a significantly higher concentration 
of oxygen between CT scans compared to the non-atel-
ectasis group: 202 (43.4%) vs. 136 (30.1%),  respec-
tively.  In the logistic regression analysis,  we selected 
the ISS as a severity index instead of AIS ≥ 3 (any part),  
Thoracic AIS ≥ 3,  or Abdominal AIS ≥ 3,  because the 
ISS was calculated from the AIS and these factors were 
highly related to each other.  We thus performed the 
multivariate logistic regression analysis using sex,  age,  
ISS,  smoking,  history of respiratory disease,  BMI,  sur-
gical procedure under general anesthesia between CT 

scans,  mechanical ventilation between CT scans,  
ordered complete bed rest,  and duration of oxygen 
delivery (time between CT scans) to obtain the odds 
ratio (OR) of atelectasis formation.

In that analysis (Table 2),  age (OR: 1.045,  95%CI:  
1.037-1.053,  p < 0.001),  ISS (OR: 1.064,  95%CI:  
1.045-1.084,  p < 0.001),  smoking (OR: 1.875,  95%CI:  
1.305-2.694,  p < 0.001),  BMI (OR: 1.183,  95%CI:  
1.132-1.237,  p < 0.001),  and duration of oxygen deliv-
ery (time between CT scans) (OR: 1.057,  95%CI:  
1.027-1.089,  p < 0.001) showed a significant difference 
between the atelectasis group and the non-atelectasis 
group.  By contrast,  the high-inspired oxygen concen-
tration showed no significant difference in the OR of 
atelectasis formation in the multivariate logistic regres-
sion analysis (OR: 0.754,  95%CI: 0.549-1.035,  p=0.081) 
(Table 2).

Secondary outcome. We performed a subgroup 
analysis of the patients who did not show atelectasis in 
their first CT scan (excluding initial atelectasis).  The 
results are shown in Fig. 2 and Table 3.  In this sub-
group,  the mean atelectasis thicknesses of the high-ox-
ygen group (n = 214) at the first and second CT exams 
were 0.73 (SD 2.24) and 6.83 (9.02),  and those of the 
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Fig. 2　 The thickness of atelectasis at the first and second CT examinations in the high-oxygen and low-oxygen groups.  Among the 911 
patients,  the thicknesses of atelectasis at the first and second CT scans [mean (SD)] were 6.13 (8.82) and 12.57 (12.56) in the high-oxy-
gen (n＝338) group and 3.57 (6.82) and 8.84 (11.13) in the low-oxygen (n＝573) group.  Those values when the initial-atelectasis patients 
were excluded were 0.73 (2.44) and 6.83 (9.02) in the high-oxygen group (n＝214) and 0.46 (2.06) and 5.39 (8.90) in the low-oxygen group 
(n＝445),  respectively.  According to a repeated measure ANOVA,  all groups had a significant increase in the thickness of atelectasis at 
the second CT scan (vs. the first CT).  There was a significant difference between the high- and low-oxygen groups in the analysis of total 
patients (p＜0.001) and among the patients who did not exhibit atelectasis at the first CT scan (i.e.,  excluding the patients with initial 
atelectasis) (p＜0.001).



low-oxygen group (n = 445) at the first and second CT 
exams were 0.46 (2.06) and 5.39 (8.90),  respectively.  
There was a significant difference between the 2 groups 
according to the repeated measure ANOVA (p < 0.001) 
(Fig. 2).

We performed a multivariate logistic regression 
analysis to determine the relationship between atelecta-
sis formation and oxygen concentration in the patients 
who did not have atelectasis in the first CT scan 
(excluding initial atelectasis) (Table 3).  Age 
(OR: 1.045,  95%CI: 1.035-1.055,  p < 0.001),  ISS 
(OR: 1.051,  95%CI: 1.028-1.075,  p < 0.001),  smoking 
(OR: 1.752,  95%CI: 1.128-2.721,  p < 0.001),  BMI 
(OR: 1.167,  95%CI: 1.106-1.232,  p < 0.001),  and the 

duration of oxygen delivery (time between CT scans) 
(OR: 1.075,  95%CI: 1.036-1.114,  p < 0.001) showed a 
significant difference between the atelectasis group and 
the non-atelectasis group.  There was also no significant 
relationship between atelectasis formation and the oxy-
gen concentration in the patients who did not have 
atelectasis in the first CT scan (OR: 0.886,  95%CI:  
0.581-1.351,  p = 0.574).

Subgroup analyses based on the patients’ age,  ISS,  
BMI and mechanical ventilation were also performed in 
the multivariate logistic regression analysis for atelecta-
sis formation and oxygen concentration.  None of the 
subgroups showed a higher risk of dorsal atelectasis 
formation in high oxygen concentration; age (< 65 years 
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Table 2　 The results of the multivariate logistic regression to determine the independent variables of the incidence of dorsal atelectasis

OR 95%CI p-value

High concentration of oxygen delivered between CT scans 1.197 0.852-1.683 0.300
Male 0.867 0.591-1.272 0.465
Age 1.045 1.037-1.053 ※＜0.001
ISS 1.064 1.045-1.084 ※＜0.001
Smoking 1.875 1.305-2.694 ※　0.001
History of respiratory disease 0.848 0.342-2.106 0.723
BMI 1.183 1.132-1.237 ※＜0.001
Surgical procedure under GA between CT scans 1.094 0.758-1.578 0.632
Mechanical ventilation between CT scans 1.231 0.751-2.018 0.409
Ordered complete bed rest 1.398 0.971-2.013 0.072
Duration of oxygen delivery (time between CT scans) 1.057 1.027-1.089 ※＜0.001

※p＜0.05.  Age,  ISS,  smoking,  BMI,  and duration of oxygen delivery (time between CT scans) were each an independent risk factor for 
atelectasis formation in the high-energy trauma patients.  There was no significant relationship between the inspired oxygen concentration 
and atelectasis formation.  BMI,  body mass index; GA,  general anesthesia; ISS,  Injury Severity Score.

Table 3　 The results of multivariate logistic regression to determine the independent variables of incidence of dorsal atelectasis in the 
patients excluding initial atelectasis

OR 95%CI p-value

High concentration of oxygen delivered between CT scans 0.886 0.581-1.351 0.574
Male 0.816 0.518-1.286 0.381
Age 1.045 1.035-1.055 ※＜0.001
ISS 1.051 1.028-1.075 ※＜0.001
Smoking 1.752 1.128-2.721 ※　0.013
History of respiratory disease 1.005 0.347-2.913 0.992
BMI 1.167 1.106-1.232 ※＜0.001
Surgical procedure under GA between CT scans 1.511 0.977-2.336 0.063
Mechanical ventilation between CT scans 1.071 0.573-2.001 0.831
Ordered complete bed rest 1.237 0.801-1.910 0.337
Duration of oxygen delivery (time between CT scans) 1.075 1.036-1.114 ※＜0.001

※p＜0.05.  Age,  ISS,  smoking,  BMI,  and duration of oxygen delivery (time between CT scans) were each an independent risk factor for 
atelectasis formation the patients who had not exhibited atelectasis at the first CT scan.  There was no significant relationship between the 
inspired oxygen concentration and atelectasis formation in this subgroup.



old,  OR: 1.302,  95%CI: 0.877-1.930,  p = 0.19; ≥ 65 
years old,  OR: 1.374,  95%CI: 0.768-2.459) p = 0. 84;  
ISS (< 9,  OR: 0.885,  95%CI: 0.497-1.578,  p = 0.68;  
≥ 9,  OR: 1.417,  95%CI: 0.926-2.167),  BMI (< 25,  
OR: 1.263,  95%CI: 0.861-1.852,  p = 0.23 ; ≥ 25,  
OR: 1.091,  95%CI: 0.524-2.273,  p = 0.82),  and 
mechanical ventilation (MV,  OR: 1.229,  95%CI:  
0.540-2.798,  p = 0.62 ; without MV: OR: 1.224,  
95%CI: 0.832-1.802,  p = 0.31) (Fig. 3).

Discussion

We conducted a retrospective cohort study of 
high-energy trauma patients to evaluate the relation-
ship between the inspired oxygen concentration and 
dorsal atelectasis.  Our analyses revealed that the atelec-
tasis group received a higher inspired oxygen concen-
tration compared to the non-atelectasis group.  
However,  this relationship was not an independent risk 

factor in the multivariate logistic regression analysis 
including the subgroup analyses based on age,  ISS,  
BMI,  and with/without MV.

We studied only high-energy trauma patients.  
Several studies have shown that the incidence of atelec-
tasis formation after severe trauma ranges from 7.4% to 
60% [5-9].  Fifty percent of our patients showed atelec-
tasis formation after high-energy trauma; thus,  our 
study population would be relevant to previous reports.  
It has also been shown that the risk factors of the com-
plications [30] and atelectasis formation [31] of trauma 
patients are age,  the severity of the trauma [30],  chest 
trauma,  abdominal injury,  high APACHE 2 score,  and 
the duration of mechanical ventilation [31].  We ana-
lyzed similar factors in the present study,  and our find-
ings demonstrated that age,  ISS,  BMI,  and smoking 
were independent risk factors of atelectasis formation in 
high-energy trauma patients.  To the best of our knowl-
edge,  no previous studies of trauma patients have 
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Subgroup
All patients

(n=911)

Risk Lower for Atelectasis Formation Risk Higher for Atelectasis Formation

OR (95%CI), p-value

1.197 (0.852-1.683), p=0.30

1.302 (0.877-1.930), p=0.19
1.374 (0.768-2.459), p=0.84

0.885 (0.497-1.578), p=0.68
1,417 (0.926-2.167), p=0.11

1.263 (0.861-1.852), p=0.23
1.091 (0.524-2.273), p=0.82

1.229 (0.540-2.798), p=0.62
1.224 (0.832-1.802), p=0.31

0         0.5        1         1.5         2        2.5

BMI
BMI <25 (n=703)
BMI ≥25 (n=206)

ISS
ISS <9 (n=337)
ISS ≥9 (n=574)

Oxygen delivery
MV (n=195)
Without MV 

(n=716)

Age                                   
<65 year (n=622) 
≥65 year (n=289) 

: OR
: Range of 95%CI

Fig. 3　 Subgroup analyses: The odds ratio (OR) of atelectasis formation with high-inspired oxygen administration according to the multi-
variate logistic regression analysis adjusted for confounders＊ in all patients and each subgroup.  We performed subgroup analyses based on 
patient age,  ISS,  BMI,  and with/without mechanical ventilation (MV).  The adjusted confounders＊ in the multivariate logistic regression 
analysis were sex,  age,  ISS,  smoking,  history of respiratory disease,  BMI,  the surgical procedure under general anesthesia between CT 
scans,  mechanical ventilation between CT scans,  ordered complete bed rest,  and the duration of oxygen delivery (time between CT 
scans).  Each subgroup analysis was calculated without its own item.  There was no significant relationship between atelectasis formation 
and the oxygen concentration in each subgroup analysis.



investigated the relationship between oxygen concen-
trations and atelectasis formation.

Several investigations of the perioperative oxygen 
concentration and atelectasis formation have been 
reported.  Rothen et al.  reported that after anesthesia 
induction,  there was a higher amount of atelectasis 
(mean 4.2 [SD 5.6] cm2) in the 100% oxygen group 
compared to the 30% oxygen group (mean 0.2 [SD 0.4] 
cm2) [19].  Edmark et al.  also reported that during and 
after pre-oxygenation and the induction of anesthesia 
from the awake stage to 14 min after the start of pre-ox-
ygenation,  atelectasis increased progressively in all 
patients,  especially when 100% oxygen was used [20].  
According to these 2 studies,  a high oxygen concentra-
tion is the major cause of atelectasis formation after the 
induction of anesthesia.

However,  several research groups have stated that 
they found no relationship between the use of a high 
concentration of oxygen during anesthesia and postop-
erative atelectasis formation.  Edmark et al.  reported 
that a lower oxygen concentration in the recovery phase 
did not reduce postoperative atelectasis compared to a 
fraction of inspired oxygen at 100% before the removal 
of the laryngeal mask airway (LMA) [32].  Meyhoff et al.  
stated that the administration of 80% oxygen during 
anesthesia did not increase postoperative atelectasis 
formation compared to 30% oxygen [33].  Finally,  
according to a systematic review of the intraoperative 
high-inspired oxygen fraction and postoperative pul-
monary function,  the risk of atelectasis was not 
increased with a higher fraction of inspired oxygen 
[34].

When we considered the effect of oxygen on atelec-
tasis formation,  the timing and duration of oxygen 
exposure as well as the inspired oxygen concentration 
were strongly influenced [31].  In our present study,  the 
relationship between atelectasis formation and high-in-
spired oxygen concentration showed no significant dif-
ference between the atelectasis group and the non-atel-
ectasis group in the multivariate logistic analysis,  
although there was a significant difference between both 
groups in the univariate analysis.  Therefore,  the oxygen 
concentration was not a major cause of atelectasis for-
mation in the present high-energy trauma patients after 
admission.  We speculate that the relationship between 
the inspired oxygen concentration and dorsal atelectasis 
formation is not independent factors each other in the 
timing of after admission.

Dorsal atelectasis was shown by the first CT scan 
(performed at hospital arrival) in 27.7% of our 911 
patients.  All of the patients in this study received a high 
concentration of oxygen before their first CT exam.  The 
results of our subgroup analyses excluding the patients 
who had already had atelectasis at the first CT were 
almost the same as those obtained for the total patient 
series.  We therefore speculate that the patients those 
who had atelectasis at the first CT were also signifi-
cantly influenced by several factors of atelectasis ana-
lyzed in the primary outcome.  The relationship 
between the inspired oxygen concentration in a 
pre-hospital setting and dorsal atelectasis remains 
unclear.

Patients were not distinguished by the use or non-
use of mechanical ventilation in this study.  
Guntaragorn Hongrattanae et al.  reported that mechan-
ical ventilation was one of the major risk factors of atel-
ectasis formation [31].  The incidence of dorsal atelecta-
sis in the present study’s mechanical ventilation group 
(n = 195) was 72.3%,  and that in the non-mechanical 
ventilation group (n = 716) was 45.5%.  Moreover,  there 
was no significant relationship between the use/non-use 
of mechanical ventilation and atelectasis formation in 
the multivariate logistic analysis or in the subgroup 
analysis.  Although the incidence of dorsal atelectasis 
was high in our mechanical ventilation group,  dorsal 
atelectasis also occurred in almost half of the patients in 
the non-mechanical ventilation group.  We thus suspect 
that the combination of mechanical ventilation and a 
high concentration of oxygen is not a cause of dorsal 
atelectasis formation.

Our logistic regression analysis revealed that the 
duration of oxygen delivery (the time between CT 
scans) showed a significant difference in the risk of dor-
sal atelectasis formation.  We compared high- and 
low-oxygen delivery groups during this period.  
Although the duration of oxygen delivery could be 
more important as a risk of atelectasis formation com-
pared to the oxygen concentration,  it might merely 
represent the difference in the duration of bed rest,  or 
only the time difference from the patient’s injury.  We 
therefore could not conclude that the duration of oxy-
gen delivery (time between CT scans) was an indepen-
dent risk factor for atelectasis in this study.

Our multivariate analysis results demonstrated that 
age,  ISS,  BMI,  and smoking were independent vari-
ables of the incidence of dorsal atelectasis.  Although an 
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AIS ≥ 3 (any part),  a Thoracic AIS ≥ 3,  and an 
Abdominal AIS ≥ 3 might be risk factors for atelectasis 
formation,  those factors and the ISS are closely related 
to one another in part because the ISS is calculated from 
the AIS.  We therefore selected the ISS as the parameter 
representing the severity of trauma.  If we had analyzed 
the injury parts and their severity one by one,  some 
might have been found to be a risk factor for atelectasis 
formation.

The limitations of this study are as follows.  This was 
a retrospective cohort study performed at a single cen-
ter.  Because of the observational nature of the study,  we 
were not able to confirm a cause-and-effect relation-
ship.  The data quality might not be sufficient or opti-
mally controlled,  because of the study’s retrospective 
design.  However,  the number of patients was close to 
1,000,  and all of the patients included in the study 
underwent at least two CT scans.

Second,  there are 2 factors in the formation of dorsal 
atelectasis: absorption atelectasis and gravity-depen-
dent atelectasis [15].  Many of the patients included in 
this study seemed to have both factors,  but we did not 
individually address absorption or gravity-dependent 
atelectasis.  Moreover,  because of the study’s retrospec-
tive nature,  it was challenging to make a detailed evalu-
ation of the stored CT scan images.  We thus could not 
distinguish between absorption atelectasis and gravi-
ty-dependent compression atelectasis.  We did not nec-
essarily need to divide the cases of atelectasis into these 
2 factors; we simply intended to investigate the effect of 
oxygen concentration on dorsal atelectasis formation.

Third,  our definition of dorsal atelectasis was atelec-
tasis with a thickness of ≥ 10 mm from the dorsal chest 
wall in CT images.  Because this was a retrospective 
investigation and it was difficult to perform a quantita-
tive analysis using CT images obtained from the 
patients’ electronic medical records,  there was not 
enough data for a quantitative analysis.  We therefore 
analyzed the incidence of atelectasis formation using 
our definitions.

Finally,  we should mention the definition of oxygen 
concentration.  In this study,  we focused on the fact 
that the oxygen supply between the first and the second 
CT scans was determined regardless of the severity of 
trauma.  We considered 6 L/min of oxygen using a 
non-rebreathing mask as representing 60% inspired 
oxygen.  However,  the exact oxygen concentrations of 
the non-rebreathing mask are not known.  Although we 

classified the patients as above or below the oxygen 
concentration of 60%,  the “higher” oxygen concentra-
tion might result in a stronger effect.

In conclusion,  we performed a retrospective obser-
vational study to analyze the relationship between a 
high oxygen concentration and atelectasis formation in 
high-energy trauma patients.  The results of a multivar-
iate logistic regression analysis demonstrated that there 
was no significant relationship between the oxygen con-
centration and the formation of dorsal atelectasis.  We 
observed that patient age,  severity (ISS),  BMI,  and 
smoking are factors related to dorsal atelectasis forma-
tion in high-energy trauma patients.
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