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Introduction
Trauma is a universal health problem. More than 2.8 million
patients are hospitalized with traumatic injury annually in
the United States.1 In mainland China, trauma is the fifth
most common cause of death after malignant tumours and
cardiac, cerebral and respiratory diseases, and the annual
incidence of death is over 400,000.2

Trauma patients are the main group in the intensive care
unit (ICU), and have greater rates of complications than
general surgery patients.3 The post trauma complications
are one of the causes of high mortality in the ICU. Acute
respiratory distress syndrome (ARDS), sepsis and multiple
organ dysfunction syndrome (MODS) are all serious
complications after trauma. Among the complications of
trauma, sepsis has the highest mortality rate and the
highest cost, followed by ARDS.3,4 Prior studies have
examined the association between sepsis and sepsis-
induced ARDS, indicating that the lung is the most
vulnerable target organ during sepsis and that cases of
sepsis are often complicated by ARDS. On the other hand,

trauma patients with ARDS are prone to infections and
septicaemia, which may be related to alterations in the
surfactant of alveolar cells after trauma.5 Unfortunately,
there has been relatively little attention directed towards
the connection between post-traumatic ARDS and the
prognosis, especially in China, which became the research
objective of this study. This is a necessary inquiry to obtain
a larger understanding of the intervention strategies and
the care strategies on the patients who develop ARDS post
trauma.

Methods
This retrospective study was conducted from January 1,
2012 to December 31, 2017 in the ICU of Daping Hospital,
Army Medical University. The data were collected in
EXCEL2017 tables. The enrolment criteria included: 1)
patients admitted to the ICU because of trauma, 2) patients
above 16 years of age, 3) patients admitted within 24 hours
after trauma and staying in the ICU longer than 2 days, 4)
AIS (abbreviated injury scale) ≥3. The exclusion criteria
included: trauma patients with incomplete clinical data. 

Patients with trauma were divided into the ARDS group or
the non-ARDS group, according to their oxygenation index,
chest X-ray and other diagnostic parameters within 24h
hours after admission to the ICU. Subsequently, the
patients were divided into subgroups according to age,
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gender, and site of injury. The relationship between ARDS
and its prognosis was analyzed, including mechanical
ventilation days, length of ICU stay, length of hospital stay,
infection, sepsis, MODS and death.

The sample size was calculated using the following
formula.

Sample size was 2n. In the above formula, p0 and p1 were
the estimated incidence in the control group and in the
case group, respectively. α=0.05, Zα=1.96, β=0.10, Zβ=1.28.
In addition, q0=1-p0, p1= (OR×p0) / (1- p0+OR×p0), q1=1-
p1,  =(p0+p1)/2, =1- .

In our preliminary experiment, OR=2.0, p0 = 39.1%, so
n=177 and the sample size was about 354.

The diagnostic criteria for ARDS was referred to the Berlin
definition6 and for sepsis was referred to Sepsis 3.0.7 The
infections were diagnosed according to the microbiology
results of blood or body fluids cultures obtained under
sterile conditions. According to different diagnostic indices
of circulation, respiration, nervous, blood, liver, kidney,
stomach, intestinal system/organ, two or more
dysfunctions occur simultaneously or sequentially, which
was defined as MODS. At admission, SOFA (Sequential
Organ Failure Assessment), ISS (Injury Severity Score), NISS
(New Injury Severity Score), GCS (Glasgow Coma Scale),
and APACHE II (Acute Physiological and Chronic Health
Evaluation II) were all scored according to international
general scoring standards. 

The protocol for this study conformed to the standards of
medical ethics, and was approved by the Ethics Committee
of Daping Hospital. Informed consent was obtained from
the patients or family members.

The data are presented as median (IQR, interquartile range)
for numerical variables and numbers (%) for categorical
variables. The differences were compared between the
ARDS group and non-ARDS group. Numerical variables and
categorical variables were tested by the non-parametric
Mann-Whitney U test and chi-square test, respectively.
After adjustment for possible influencing factors,
multivariate logistic regression models were used to
calculate odds ratios (OR) and 95% confidence intervals
(CIs) for the association between ARDS and infection,
sepsis, MODS, and death, using SAS 9.4 software for
calculating and STATA10.0 for drawing. A p-value < 0.05
was considered statistically significant.

Results
A total of 2745 patients were registered in ICU of Daping
Hospital from January 1, 2012 to December 31, 2017. Of
these, 507 trauma patients met the inclusion criteria
(Figure-1 showing study selection process), comprising of
376 males and 131 females. The median age of the patients
was 48 years (40-63 yr), and the majority of the patients
were male (376/507, 74.16%). From 2012 to 2017, the total
incidence of ARDS in trauma patients in the ICU was
56.61% (287/507). Baseline characteristics and the clinical
outcome of patients were compared between the ARDS
group and the non-ARDS group, as shown in Table 1. There
was no significant difference in age, admission time, blood
transfusion and surgery (p> 0.05). However, the proportion
of males was higher in the ARDS group than in the non-
ARDS group (p< 0.05). Regarding the severity of trauma,
the ISS, NISS and APACHE II scores were significantly higher
in the ARDS group than the non-ARDS group, and the GCS

Figure-1: : Study selection process.
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Table-1: Baseline characteristics of the patients.

Characteristic Total ARDS Non ARDS p-value
（n=507） （n=287） （n=220）

Age(ys，M(IQR)) 48(23) 49(21) 47(26) 0.122
Male (n,%) 376(74.16) 223(77.70) 153(69.55) 0.026*
ISS(M(IQR)) 20(13) 22(12) 17(14) ＜0.001*
NISS(M(IQR)) 27(17) 27(12) 22(15) ＜0.001*
APACHE II(M(IQR)) 16(9) 17(9) 15(7) 0.003*
GCS(M(IQR)) 13(6) 13(5) 14(5) 0.005*
AT(h, M(IQR)) 8(11) 8(11) 7(10) 0.093
BT(n,% ) 402(79.29) 227(79.09) 175(79.55) 0.959
Surgery (n,% ) 371(73.18) 206(71.78) 165(75.00) 0.507

Note：M=median; IQR= interquartile range; AT= admission time; BT= blood transfusion.
From the data analysis of trauma types every year, it can be seen that the majority of trauma 
patients are those with traffic injury and fall injury, about 43.4% and 41.4%, respectively, as
shown in Figure-2.

Sepsis Sepsis
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value indicating vital signs was significantly lower in the
ARDS group than the non-ARDS group (p< 0.05).

The composition ratio of trauma types is shown in Figure
2.

The prognosis of patients with post-traumatic ARDS is
listed in Table 2. The duration of mechanical ventilation, the
duration of ICU stay and the duration of hospital stay of
patients in the ARDS group were 5days(9 d),10 days (14 d)
and 30 days (28 d), respectively, while those in the non-
ARDS group were 3days(3 d), 4 days (6 d) and 27days (30
d), respectively. The difference between the two groups
was statistically significant (p<0.05).

We also investigated the relationship between ARDS and
infection, sepsis, MODS and death, as shown in Figure-3.
The association of ARDS with the risk of infection, sepsis,
MODS and death was assessed after adjusting for potential
confounding variables such as gender, ISS, NISS, GCS and
APACHE II. The results showed that ARDS was associated
with an increased risk of infection (p<0.05; OR=4.17;

95%CI=2.72–6.41), sepsis (P <0.05; OR=3.45; 95%CI=2.28–
5.22), and MODS (p< 0.05; OR=2.82; 95%CI=1.67–4.72), but
had no significant association with death (p>0.05).

The prognosis of patients with post-traumatic ARDS in
subgroups is listed in Table 3. The duration of mechanical
ventilation and duration of ICU stay of patients in the ARDS
group were longer than the non-ARDS group in the
subgroups of age, gender and injury site (p<0.05). However,
there was no significant difference in the duration of LOS
between ARDS patients and non-ARDS patients in the
subgroups of age, gender, and injury site (p>0.05). This is
likely to be attributable to effective use of antibiotics and
further improved strategies of late care.

As shown in Figure-4, the patients with ARDS were more
likely to develop infection, sepsis and MODS, but not death,
than those with non-ARDS at different subgroups of age,
gender and injury site, which was basically consistent with
Figure-3. Interestingly, there was no significant difference
in the risk of MODS between the ARDS group and the non-
ARDS group in the subgroup of over 65 years old (p=0.238),
as well as the subgroup of female (P=0.237).

Figure-4 shows the relationship between post-traumatic
ARDS and prognosis (Categorical variables) in subgroups
(A: post-traumatic ARDS and infection, in different
subgroup of age, gender and injury site, the risk of infection
with ARDS patients was significantly higher than that with

Figure-2: : The composition ratio of trauma types.

Figure-3: : Relationship between post-traumatic ARDS and prognosis 
(Categorical variables).
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Table-2: Relationship between post-traumatic ARDS and prognosis (Numerical variables).

Total ARDS Non ARDS p-value
(n=507) (n=287) (n=220)

Mechanical ventilation days 4(7) 5(9) 3(3) <0.001*
(d, M(IQR))
ICU LOS(d, M(IQR)) 6(12) 10(14) 4(6) <0.001*
LOS (d, M(IQR)) 28(29) 30(28) 27(30) 0.017*

Note：M=median; IQR= interquartile range; LOS= length of stay.

Table-3: Relationship between post-traumatic ARDS and prognosis 
(Numerical variables) in subgroups.

Variables Subgroups Total ARDS Non-ARDS p-value
(n=507) (n=287) (n=220)

Mechanical ventilation days（d, median(IQR)
Age <65 years 4(7) 5(8) 3(3) <0.001*

≥65 years 4(13) 6(14) 3(3) 0.037*
Gender Male 4(8) 5(9) 3(4) <0.001*

Female 3(7) 4(10) 3(2) 0.003*
Injury site Thoracic trauma 4(7) 4(9) 3(5) 0.001*

Non-thoracic trauma 2(5) 5(9) 2(3) <0.001*
Length of ICU stay（d, median(IQR)
Age <65 years 7(11) 10(13) 4(5) <0.001*

≥65 years 5(12) 10(18) 3(4) <0.001*
Gender Male 7(12) 10(14) 4(6) <0.001*

Female 6(9) 9(12) 4(4) <0.001*
Injury site Thoracic trauma 8(12) 10(14) 5(9) <0.001*

Non-thoracic trauma 5(9) 10(15) 3(5) <0.001*
Length of stay (LOS) （d, median(IQR)
Age <65 years 29(28) 30(27) 28(28) 0.210

≥65 years 23(33) 32(35) 16(25) 0.053
Gender Male 29(29) 30(27) 28(31) 0.203

Female 25(29) 31(36) 21(21) 0.087
Injury site Thoracic trauma 30(27) 31(27) 29(28) 0.330

Non-thoracic trauma 27(30) 29(31) 25(31) 0.076



non-ARDS patients；B: post-traumatic ARDS and sepsis, in
different subgroup of age, gender and injury site, the risk
of sepsis with ARDS patients was significantly higher than
that with non-ARDS patients；C: post-traumatic ARDS and
MODS, in different subgroup of injury site, the risk of MODS
with ARDS patients was significantly higher than that with
non-ARDS patients, while in the subgroup of older than 65
years or female, there was no significant difference in the
risk of MODS between the ARDS patients and the non-
ARDS patients； D: post-traumatic ARDS and death, in
different subgroup of age, gender and injury site, there was
no significant difference in the risk of death between the
ARDS patients and the non-ARDS patients) 

Discussion
ARDS was first described as a clinical syndrome in 1967.8

Because of its high incidence, high mortality and complex
pathogenesis, ARDS has always been a difficult and key
point in critical care, and involves progressive respiratory
failure characterized by intractable hypoxaemia and
respiratory distress. The result of a recent meta-analysis of
the incidence of ARDS in trauma patients showed that the
overall incidence of ARDS was about 8.4% in America and
Europe9,10 which is far below our figure (above 50%). This
may be related to the characteristics of Chongqing,11 which
is an industrialized city in the western part of China. It is
generally known that the main causes of trauma-related
admissions in hospitals worldwide are road traffic accidents
(RTA).12 The road traffic situation of Chongqing is very
complex, coupled with the rapid development of
construction industry in recent years, making the incidence
rate of traffic injuries and industrial accidents very high in
Chongqing. Our results also showed that the proportion of
trauma patients with traffic injury and fall injury was as high
as 85% (Figure-2). The other reason may be related to the
inconsistency of diagnostic criteria in different countries,
because there is lack of adherence to a standard approach
for identifying ARDS in trauma patients, which contributes
to variability.

To our knowledge, limited research has focused on post-
traumatic ARDS and its poor prognosis, especially in China.
Post-traumatic ARDS has been considered to increase the
severity of disease, and therefore the prognosis is
considered to be worse. However, there is no evidence of
an alteration of prognosis in patients with post-traumatic
ARDS in China. As great progress has been made in the
clinical treatment of ARDS, especially in the development
and implementation of lung protective mechanical
ventilation strategies, lung opening strategies and fluid
management strategies, the ventilator days, LOS in ICU and
LOS in hospital of ARDS patients have decreased over
time,10 but they were still longer than that of non-ARDS
patients.13 This is consistent with our findings in post-
traumatic ARDS. Ventilator associated pneumonia (VAP) is
the most common hospital acquired infection (HAI) in the
ICU.14 VAP can significantly prolong the duration of
mechanical ventilation and the length of ICU and hospital
stay.15 Infection is the precursor of sepsis. Respiratory tract
infections are the most common cause of sepsis.16 With the
occurrence of infection, the risk of sepsis and MODS
increases correspondingly. However, contrary to
expectation, post-traumatic ARDS does not increase the
risk of death. This result is in line with the findings of
Thomas, whose reports showed that the mortality rate of
polytrauma patients was not affected by thoracic trauma
and ARDS.17 It is probable that mortality in polytrauma
patients was influenced by a combination of ARDS and the
severity of thoracic trauma.18,19 Wu identified that the
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Figure-4: : Relationship between post-traumatic ARDS and prognosis (Categorical
variables) in subgroups.
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presence of lung contusion was among the risk factors
affecting mortality in post-traumatic ARDS.20

Unfortunately, we did not analyze the severity of ARDS and
the types of chest trauma.

To further understand the relationship between ARDS and
its prognosis in patients, the subgroup analyses were
performed, including age, gender and injury site. With the
development of the country, the phenomenon of
population on aging is obvious in China. As patients age,
co-morbidities tend to increase, and the prognosis
becomes more complicated. In addition, Gender, as a
potential factor of affecting the prognosis of trauma
patients, has received increasing attention recently. This is
a controversial issue. Most laboratory studies based on the
animal model of trauma supported the protective role of
oestrogen.21 However, clinical studies failed to consistently
reproduce these laboratory findings. Some supported that
the protective effect of female sex on outcomes of trauma
patients,22 some demonstrated no substantial differences23

and others even provided opposing evidences.24,25 Finally,
thoracic trauma has been reported as an important risk
factor for the development of ARDS, and increases the odds
of ARDS occurrence.18

This needs further analysis. First, infection should be
categorized into in situ infection and secondary infection.
In addition, some types of non-thoracic trauma such as
abdominal injury and cranio-cerebral injury can lead to
higher infection rates. Therefore, the locations and types of
infection and injury should also be investigated. 

However, this study has some potential limitations, such as
the lack of further classification of ARDS and infection, and
some time-related biases in the medical strategy.
Nevertheless, these results still provided a theoretical basis
for the treatment of patients with post-traumatic ARDS in
clinical practice.

Conclusions
Our analysis of a single center trauma database found that
patients with post-traumatic ARDS had poorer prognosis
than non-ARDS patients. This was reflected in a longer
duration of mechanical ventilation, of ICU stay and of
hospitalization, and in a higher incidence of infection,
sepsis and MODS.

Disclaimer: None.
Conflicts of interest: No potential conflict of interest was
reported by the authors.
Funding Sources: Supported by Military Medical
Innovation Project (Grant number: 18CXZ002)

Abbreviations
ARDS= acute respiratory distress syndrome, MODS=
multiple organ dysfunction syndrome, ICU= intensive care
unit, IQR= interquartile range, AIS= abbreviated injury
scale, ISS= injury severity score, NISS= new injury severity
score, SOFA= sequential organ failure assessment, APACHE
II=acute physiology and chronic health evaluation II, GCS=
Glasgow Coma Scale, LOS= length of stay, OR=odds ratio,
CI=confidence interval.
Source of Funding: None.

References 
1. Gabriel V, Grigorian A, Phillips JL, Schubl SD, Barrios C, Pejcinovska

M, et al. A propensity score analysis of clostridium difficile infection
among adult trauma patients. Surg Infect (Larchmt) 2018; 19: 661-6.

2. Zong ZW, Li N, Cheng TM, Ran XZ, Shen Y, Zhao YF, et al. Current state
and future perspectives of trauma care system in mainland China.
Injury 2011; 42: 874-78.

3. Haider AH, Gupta S, Zogg CK, Kisat MT, Schupper A, Efron DT, et al.
Beyond incidence: costs of complications in trauma and whatit-
means for those who pay. Surgery 2015; 158: 96-103.

4. Robles AJ, Kornblith LZ, Hendrickson CM, Howard BM, Conroy AS,
Moazed F, et al. Health care utilization and the cost of posttraumatic
acute respiratory distress syndrome care. J Trauma Acute Care Surg
2018; 85: 148-54.

5. Pison U, Brand M, Joka T, Obertacke U, Bruch J. Distribution and func-
tion of alveolar cells in multiply injured patients with trauma-in-
duced ARDS. Intensive Care Med 1988; 14: 602-9.

6. ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT,
Ferguson ND, Caldwell E, Fan E, et al. Acute respiratory distress syn-
drome: the Berlin Definition. JAMA 2012; 307: 2526-33.

7. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, et al. The third international consensus definitions for sepsis
and septic shock (sepsis-3). JAMA 2016; 315: 801-10.

8. Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute respiratory dis-
tress in adults. Lancet 1967; 290: 319-23.

9. Pfeifer R, Heussen N, Michalewicz E, Hilgers RD, Pape HC. Incidence
of adult respiratory distress syndrome in trauma patients: a system-
atic review and meta-analysis over a period of three decades. J
Trauma Acute Care Surg 2017; 83: 496-506.

10. Fahr M, Jones G, O'Neal H, Duchesne J, Tatum D. Acute respiratory
distress syndrome Incidence, but not mortality, has decreased na-
tionwide: a national trauma data bank study. Am Surg 2017; 83: 323-
31.

11. Zhao H, Yin Z, Xiang H, Liao Z, Wang Z. Preliminary study on alter-
ations of altitude road traffic in China from 2006 to 2013. PLoS One
2017; 12:e0171090.

12. Orf AA, Waheed KB, Baig AA, Mohammad KS, El Sirafy MN, Amin MS,
et al. Patterns of injury detected by pan-computed tomography after
road traffic accidents: retrospective review from a trauma center in
Saudi Arabia. Ann Saudi Med 2018; 38: 245-50.

13. Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, et al. Epi-
demiology, patterns of care, and mortality for patients with acute
respiratory distress syndrome in intensive care units in 50 countries.
JAMA 2016; 315:788-800.

14. Zhang Y, Yao Z, Zhan S, Yang Z, Wei D, Zhang J, et al. Disease burden
of intensive care unit-acquired pneumonia in China: a systematic re-
view and meta-analysis. Int J Infect Dis 2014; 29: 84-90.

15. Song X, Chen Y, Li X. Differences in incidence and outcome of venti-
lator-associated pneumonia in surgical and medical ICUs in a tertiary
hospital in China. Clin Respir J 2014; 8: 262-8.

L. Luo, H. Tang, Q. Huang, et al.



445

Vol. 71, No. 2-A, February 2021

Association of post-traumatic acute respiratory distress syndrome on poor …….

16. Besen BAMP, Romano TG, Nassar AP Jr, Taniguchi LU, Azevedo LCP,
Mendes PV, et al. Sepsis-3 definitions predict ICU mortality in a low-
middle-income country. Ann Intensive Care 2016; 6:107.

17. Haider T, Halat G, Heinz T, Hajdu S, Negrin LL. Thoracic trauma and
acute respiratory distress syndrome in polytraumatized patients: a
retrospective analysis. Minerva Anestesiol 2017; 83: 1026-33.

18. Coppola S, Chiumello D. Thoracic trauma and acute respiratory dis-
tress syndrome: mind the link! Minerva Anestesiol 2017; 83:1004-6.

19. Daurat A, Millet I, Roustan JP, Maury C, Taourel P, Jaber S, et al. Tho-
racic Trauma Severity score on admission allows to determine the
risk of delayed ARDS in trauma patients with pulmonary contusion.
Injury 2016; 47:147-53.

20. Wu J, Sheng L, Ma Y, Gu J, Zhang M, Gan J, et al. The analysis of risk
factors of impacting mortality rate in severe multiple trauma pa-
tients with posttraumatic acute respiratory distress syndrome. Am J
Emerg Med 2008; 26:419-24.

21. Shimizu T, Yu HP, Suzuki T, Szalay L, Hsieh YC, Choudhry MA, et al. The
role of estrogen receptor subtypes in ameliorating hepatic injury fol-
lowing trauma-hemorrhage. J Hepatol 2007; 46:1047-54.

22. Liu T, Xie J, Yang F, Chen JJ, Li ZF, Yi CL, et al. The influence of sex on
outcomes in trauma patients: a meta-analysis. Am J Surg 2015; 210:
911-21.

23. Gannon CJ, Napolitano LM, Pasquale M, Tracy JK, McCarter RJ. A
statewide population-based study of gender differences in trauma:
validation of a prior single-institution study. J Am Coll Surg 2002;
195: 11-8.

24. Croce MA, Fabian TC, Malhotra AK, Bee TK, Miller PR. Does gender
difference influence outcome? J Trauma 2002; 53:889-94.

25. George RL, McGwin G Jr, Windham ST, Melton SM, Metzger J,
Chaudry IH, et al. Age-related gender differential in outcome after
blunt or penetrating trauma. Shock 2003; 19: 28-32.


