
Abstract. Background/Aim: Blunt chest trauma is one of
the major injuries in multiply injured patients and is
associated with an increased risk of acute respiratory
distress syndrome (ARDS) and ventilator-associated
pneumonia (VAP). Accidental hypothermia is a common
accompaniment of multiply injured patients. The objective of
this study was to analyze the influence of accidental
hypothermia on pulmonary complications in multiply injured
patients with blunt chest trauma. Patients and Methods:
Multiply injured patients [injury severity score (ISS) ≥16]
with severe blunt chest trauma [abbreviated injury scale of
the chest (AISchest) ≥3] were analyzed. Hypothermia was
defined as body core temperature <35˚C. The primary
endpoint was the development of ARDS and VAP. Propensity
score matching was performed. Results: Data were analyzed
for 238 patients, with a median ISS of 26 (interquartile
range=12). A total of 67 patients (28%) were hypothermic
on admission. Hypothermic patients were injured more
severely (median ISS 34 vs. 24, p<0.001) and had a higher
transfusion requirement (p<0.001). Their mortality rate was
consequently increased (10% vs. 1%, p=0.002); After
propensity score matching, the mortality rate was still higher
(10% vs. 2%, p=0.046). However, hypothermia was not an
independent predictor of mortality. Hypothermic patients had
to be ventilated longer (p=0.02). However, there were no

differences in occurrence of ARDS and VAP. Hypothermia
was not identified as an independent predictor of ARDS and
VAP. Conclusion: Among multiply injured patients with
severe blunt chest trauma, accidental hypothermia is not an
independent predictor of ARDS and VAP and is more likely
to be an accompaniment of injury severity and hemorrhage.

Blunt chest trauma is one of the major injuries in multiply
injured patients (1). It is associated with an increased risk of
post-traumatic complications such as acute respiratory distress
syndrome (ARDS), ventilator-associated pneumonia (VAP),
sepsis, and multiple organ dysfunction syndrome (MODS) (2-
5). Patients with severe thoracic trauma are susceptible to
time-consuming pre-hospital treatment because of the
increased probability of intubation and application of a chest
drain. Thus, the prolonged pre-hospital phase entails the risk
of accidental hypothermia. In general, multiply injured
patients are particularly at risk for accidental hypothermia due
to various reasons, one of which is exposure to the
environment. In addition, shock with hypoperfusion and
impaired thermoregulation, infusion of cold fluids, and therapy
with anesthetics or muscle relaxants are assignable causes of
accidental hypothermia (6-8). In multiply injured patients, the
incidence of accidental hypothermia on admission may be up
to 66% (8-10). Severe hypothermia induces cardiac
dysfunction and is an inherent feature of trauma-induced
coagulopathy (11-13). Furthermore, accidental hypothermia is
assumed to be correlated with an increased risk of MODS and
mortality (7, 14). Various studies estimate a mortality of 30-
80% in cases of concomitant hypothermia (14, 15). However,
whether accidental hypothermia is an independent predictor of
mortality and post-traumatic complications or simply an
accompanying symptom of injury severity and hemorrhage is
still a controversial topic (7-10, 16-18). In addition,
hypothermia seems to induce immunosuppression due to a
reduced release of pro-inflammatory cytokines (tumor necrosis
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factor α, interleukin 1β, interleukin 6) and increased secretion
of anti-inflammatory mediators (15, 19, 20). Because of
immunosuppression, hypothermia seems to be associated with
an increased risk of infectious complications, e.g. pneumonia,
among ventilated patients (21, 22). On the other hand, it is
unclear whether hypothermia-induced immunosuppression
raises the risk of ARDS.

Therefore, the objective of this study was to analyze the
impact of accidental hypothermia at the time of admission
on the outcome of severely injured patients with a
considerable risk profile owing to concomitant severe blunt
chest trauma. We hypothesized that hypothermic patients are
more likely to develop pulmonary post-traumatic
complications (ARDS/VAP) and have higher mortality
without hypothermia being an independent risk factor of the
aforementioned adverse events.

Patients and Methods
Following Institutional Review Board approval (No. 3392-2016),
we performed a retrospective cohort analysis. Between January
2005 and December 2012 multiply injured patients [injury severity
score (ISS) ≥16] (23) with a minimum age of 16 years and
admission within 6 hours of the trauma to our level I Trauma Center
with severe thoracic trauma [Abbreviated Injury Scale (AIS)chest ≥3]
(24) were included. Patients who suffered from severe traumatic
brain injury (AIShead ≥3) or died within the first 48 hours were not
eligible. All patients with penetrating injuries were excluded.

Demographic and baseline data were collected from the patient
records. Injury pattern and severity were classified using the 2008
update of the AIS (24). Overall injury severity was calculated using
the injury severity score (ISS) (23). Hypothermia was defined as a
documented temperature <35˚C within the first 2 hours after
admission, but at least prior to any operative interventions in order
to exclude hypothermia resulting from a perioperative fall in body
temperature. Body temperature was determined by bladder or
esophageal probe, both representing reliable methods for the
measurement of core temperature. Measurement was an integral part
of initial resuscitation in the emergency room. Hypothermia was
classified as mild (<35-34˚C), moderate (<34-32˚C) and severe
(<32˚C) (25, 26).

The primary endpoint of this study was the development of
ARDS or VAP. Secondary endpoints were mortality, as well as
systemic inflammatory response syndrome (SIRS), sepsis, and
MODS. ARDS was diagnosed according to the 2012 Berlin
definition i.e. ARDS was deemed present in cases where bilateral
radiographic infiltration of the lung accompanied by reduced
oxygenation (<300 mmHg) based on Horovitz score (PaO2/FiO2)
was present during the first week after admission (27). Diagnosis of
VAP was guided by the Center for Disease Control and Prevention
recommendations (28). VAP was defined as pneumonia occurring
>48 hours after intubation and mechanical ventilation. Diagnoses of
SIRS and sepsis were made using the 2010 revised criteria of S-2k
guidelines of the German Sepsis Society and the German
Interdisciplinary Association of Intensive Care and Emergency
Medicine (29). In line with standard practice, SIRS or sepsis were
deemed present if the criteria were met on at least two consecutive
days (30). MODS was diagnosed on the basis of MODS score of

Marshall et al., a generally accepted indicator: MODS was deemed
present if the sum of single organ dysfunctions was >8 on at least
one day (31-33).

Statistical analyses were performed with IBM SPSS (Version 22;
IBM, Armonk, NY, USA). Propensity score matching was
performed with a 1:3 nearest-neighbor matching model with the
covariates age, sex, ISS, and AIS (head, face, chest, abdomen,
extremities). For Gaussian-distributed data, statistical analysis
included parametric tests (Student’s t-test). For non-Gaussian-
distributed data, non-parametric tests (Mann–Whitney test for
independent data and Wilcoxon test for dependent data). Fisher’s
exact test (exact chi-squared test) was used in the analysis of
contingency tables were used. Furthermore, logistic as well as
linear regression analyses were performed. In the case of binomial
logistic regression, variables were dichotomized when necessary.
The odds ratio (OR) and 95% confidence interval (CI) were also
calculated. Regression models were estimated by maximum
likelihood estimation (R2; Nagelkerke’s pseudo-R2). Significance
level was set to p<0.05.

Results

Between January 2005 and December 2012, 720 patients were
checked for eligibility. A flowchart of excluded patients is
shown in Figure 1. A total of 238 patients with a mean age of
44±17 years and a mean ISS of 27.7±8.4 (median ISS of 26,
IQR=12) could be included. 179 patients (75%) were male
and 59 patients (25%) female. 9 patients (4%) died within the
treatment period. 67 patients (28%) were hypothermic at the
time of admission. Female proportion was significantly higher
in the hypothermic group (34% vs. 21%, p=0.045) without
differences in age distribution. Hypothermic patients had a
higher ISS (30.9±8.9 vs. 26.4±7.9, p<0.001) and abdominal
AIS (1.9±1.7 vs. 1.4±1.5, p=0.02) compared with
normothermic patients and had significantly increased
transfusion requirements (see also Table I). Mortality rate was
increased within hypothermic patients (10% vs. 1%, p=0.002).
However, in a logistic regression analysis (Nagelkerke’s
pseudo-R² 0.81, Hosmer–Lemeshow test p=1.0) with a model
comprising hypothermia, age, ISS and transfusion
requirements [packed red blood cells (PRBC), fresh frozen
plasma (FFP), platelet concentrate (PC)] hypothermia was not
identified as an independent predictor of mortality (p<0.05).
Only total PRBC OR=1.13, 95% CI=1.01-1.27 per unit
increase; p=0.04) as well as age (OR=1.39, 95% CI=1.06-1.83
per year increase; p=0.02) independently predicted mortality
with statistical significance. 

The mean duration of mechanical ventilation was
13.3±14.7 days. The mean length of intensive care unit and
hospital stay was 17±16 days and 29±21 days, respectively.
Hypothermic patients had to be ventilated for a
significantly longer period of time (19.0±16.1 vs. 11.0±13.5
days, p<0.001) and had a prolonged duration of ICU
(23±16 vs. 15±15 days, p<0.001) and hospital stay (34±20
vs. 27±22 days, p<0.001). In linear regression (R2=0.43)
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with a model comprising hypothermia, injury severity
(ISS≤26/>26), age (≤43/>43 years), AIShead (≤0/>0),
AISabdomen (≤2/>2) as well as transfusion requirements by
means of PRBC (≤9.5/>9.5 units), FFP (≤5/>5 units), and
PC (≤0/>0 units) hypothermia was not identified as an

independent prognostic factor for duration of mechanical
ventilation (95% CI=33.0-134.3, p=0.2), ICU (95%
CI=2.1-5.2, p=0.4), and overall hospital stay (95% CI=6.2-
4.6, p=0.8). Table I gives an overview of demographic,
baseline, and outcome data.
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Figure 1. Flow diagram of study patients.

Table I. Demographic, baseline and outcome data of the overall study population as well as normothermic and hypothermic subgroup.

Parameter                                                                               Overall                            Normothermia                      Hypothermia                       p-Value*
                                                                                               N=238                                  N=171                                   N=67

Male gender, n (%)                                                            179 (75%)                            135 (79%)                            44 (66%)                            0.045a
Age (years), mean±SD                                                       44.1±17.4                             43.9±16.5                            44.7±19.5                            0.99b
ISS
   Median (IQR)                                                                     26 (12)                                  24 (11)                                 34 (14)                            <0.001b
   Mean±SD                                                                          27.7±8.4                               26.4±7.9                              30.9±8.9                               
AIS, mean±SD
   Head                                                                                   0.6±0.8                                 0.7±0.8                                0.6±0.8                              0.6b
   Face                                                                                    0.6±1.1                                 0.6±1.0                                0.7±1.1                              0.7b
   Chest                                                                                   3.6±0.7                                 3.6±0.7                                3.6±0.7                              0.9b
   Abdomen                                                                            1.5±1.6                                 1.4±1.5                                1.9±1.7                              0.02b
   Extremities                                                                         2.4±1.2                                 2.4±1.2                                2.5±1.2                              0.3b
   External                                                                              0.9±1.0                                 0.8±0.8                                1.3±1.2                              0.001b
Mortality, n (%)                                                                     4 (9%)                                  1 (2%)                                 10 (7%)                             0.002c
ARDS, n (%)                                                                       74 (31%)                              48 (28%)                             26 (39%)                            0.1a
VAP, n (%)                                                                           42 (18%)                              27 (16%)                             15 (22%)                            0.3a
SIRS, n (%)                                                                        153 (64%)                            103 (60%)                            50 (75%)                            0.05a
Sepsis, n (%)                                                                       84 (35%)                              51 (30%)                             33 (49%)                            0.006a
MODS, n (%)                                                                       15 (6%)                                 8 (5%)                                 7 (10%)                             0.1a
Mechanical ventilation (days), mean±SD                         13.3±14.7                             11.0±13.5                            19.0±16.1                         <0.001b
Intensive care (days), mean±SD                                        17.2±15.8                             14.9±15.0                            23.1±16.1                         <0.001b
In-patient care (days), mean±SD                                       29.3±21.3                             27.3±21.7                            34.3±19.7                            0.001b
Transfusion requirements, mean±SD                                         
   PRBC 48 h (units)                                                            7.9±10.7                                5.9±8.5                              13.1±13.9                         <0.001b
   FFP 48 h (units)                                                                 6.4±8.8                                 4.8±8.2                               10.6±8.9                          <0.001b
   PC 48 h (units)                                                                   0.9±1.9                                 0.6±1.6                                1.6±2.4                           <0.001b
   PRBC total (units)                                                           14.7±17.9                             12.1±16.4                            21.4±20.0                         <0.001b
   FFP total (units)                                                                9.9±15.8                               7.6±14.9                             16.0±16.5                         <0.001b
   PC total (units)                                                                   1.6±4.9                                 1.0±3.6                                3.1±7.0                           <0.001b

SD: Standard deviation, IQR: inter-quartile range, ISS: injury severity score, AIS: abbreviated injury scale; ARDS: acute respiratory distress
syndrome, VAP: ventilator-associated pneumonia, SIRS: systemic inflammatory response syndrome, mods: multiple organ dysfunction syndrome,
PRBC: packed red blood cells, FFP: fresh frozen plasma, PC: platelet concentrate. *Normothermic vs. hypothermic. aMann-Whitney-U-test; bFisher’s
exact test; cFisher’s exact test. Statistically significant p-values are shown in bold.



After propensity score matching with nearest-neighbor
matching and a 1:3 match ratio, 144 patients remained (52
hypothermic, 92 normothermic). Table II gives an overview
of demographic, baseline, and outcome data after propensity
score matching. Mortality rate was higher in the hypothermic
group. However, hypothermia was not identified as an
independent predictor of mortality (OR=3.6, 95% CI=0.6-
22.2; p=0.2). Transfusion requirements were also increased in
hypothermic patients, but there was only moderate correlation
between transfusion requirements and hypothermia (Spearman
rho: PBRC 48 h 0.24, p=0.004; FFP 48 h 0.27, p=0.001; PC
48 h 0.21, p=0.01). Again, hypothermic patients had a
prolonged duration of mechanical ventilation 17.3±14.6 vs.
12.6±14.1 days, p=0.02) and intensive care (21.6±14.8 vs.
17.7±16.3 days, p=0.04). Nevertheless, hypothermia was not
identified as an independent predictor. Although being
ventilated significantly longer, there were no differences in
incidence of ARDS [26 (39%) vs. 48 (28%), p=0.1] and VAP

[15 (22%) vs. 27 (16%), p=0.3] between hypothermic and
normothermic patients. 

Discussion

The present study aimed to analyze the influence of
accidental hypothermia on pulmonary post-traumatic
complications and mortality in multiply injured patients with
severe thoracic trauma. Hypothermic patients showed
considerable differences in mortality compared to
normothermic patients without hypothermia being an
independent predictor of mortality. Furthermore, despite a
prolonged mechanical ventilation, hypothermia was not
associated with an increased risk of ARDS and VAP.

In the present study, 28% of patients were hypothermic at
the time of admission. This is in line with the current
literature. The incidence of accidental hypothermia ranges
between 12% and 66% (8-10). With increasing injury
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Table II. Demographic, baseline and outcome data of normothermic and hypothermic patients after propensity score matching.

Parameter                                                                                       Normothermia                                 Hypothermia                                      p-Value
                                                                                                              N=92                                               N=52

Male gender, n (%)                                                                             70 (76)                                            36 (69)                                               0.4a
Age (years), mean±SD                                                                     44.6±16.7                                        44.9±20.2                                            0.9b
ISS
   Median (IQR)                                                                                   27 (12)                                            29 (14)                                               0.2b
   Mean±SD                                                                                        30.0±8.0                                          29.9±8.9                                               
AIS, mean±SD
   Head                                                                                                 0.6±0.8                                            0.6±0.8                                              0.8b
   Face                                                                                                  0.6±1.1                                            0.7±1.1                                              0.7b
   Chest                                                                                                 3.5±0.7                                            3.5±0.7                                              0.9b
   Abdomen                                                                                          1.6±1.6                                            1.9±1.7                                              0.3b
   Extremities                                                                                       2.7±1.0                                            2.5±1.3                                              0.6b
   External                                                                                            0.8±0.8                                            1.2±1.1                                              0.02b
Mortality, n (%)                                                                                    2 (2)                                               5 (10)                                                0.046c
ARDS, n (%)                                                                                       28 (30)                                            19 (37)                                               0.5a
VAP, n (%)                                                                                          15 (16)                                            11 (21)                                               0.5a
SIRS, n (%)                                                                                         58 (63)                                            41 (79)                                               0.06a
Sepsis, n (%)                                                                                       32 (35)                                            26 (50)                                               0.08a
MODS, n (%)                                                                                        5 (5)                                                4 (8)                                                 0.6c
Mechanical ventilation (days), mean±SD                                       12.6±14.1                                        17.3±14.6                                            0.02b
Intensive care (days), mean±SD                                                      17.7±16.3                                        21.6±14.8                                            0.04b
In-patient care (days), mean±SD                                                     31.0±22.7                                        32.6±19.0                                            0.3b
Transfusion requirements, mean±SD
   PRBC 48 h (units)                                                                           7.1±9.3                                          11.9±13.8                                            0.005b
   FFP 48 h (units)                                                                               5.7±8.8                                            9.1±8.2                                              0.001b
   PC 48 h (units)                                                                                 0.7±1.7                                            1.4±2.2                                              0.01b
   PRBC total (units)                                                                         15.4±18.6                                        19.0±19.1                                            0.08b
   FFP total (units)                                                                              9.8±18.2                                         13.6±14.8                                            0.006b
   PC total (units)                                                                                 1.4±4.7                                            2.4±5.8                                              0.049b

SD: Standard deviation, IQR: inter-quartile range, ISS: injury severity score, AIS: abbreviated injury scale; ARDS: acute respiratory distress
syndrome, VAP: ventilator-associated pneumonia, SIRS: systemic inflammatory response syndrome, mods: multiple organ dysfunction syndrome,
PRBC: packed red blood cells, FFP: fresh frozen plasma, PC: platelet concentrate. *Normothermic vs. hypothermic. aPearson’s Chi-squared test;
bFisher’s exact test; cFisher’s exact test. Statistically significant p-values are shown in bold.



severity and pre-hospital duration of treatment, incidence of
accidental hypothermia also increases (7, 8, 10, 14, 16). The
mean ISS of 27.7 reflects the above-average injury severity
of the present study population in view of the fact that
patients with a severe traumatic brain injury were excluded.
The chest was by far the most severely injured organ. One
can assume that thoracic injury severity affects the outcome
in terms of mortality and post-traumatic complications most
in this particular study population. Besides ISS, the increased
transfusion requirement of hypothermic patients can be
assumed to be an indicator of injury severity with subsequent
hemorrhage. The results of Beilman and colleagues in a
comparable study population confirm this assumption (7). In
contrast, Ireland and colleagues reported no difference in
transfusion requirements in hypothermic and normothermic
patients. However, overall injury severity, as well as injury
severity of the hypothermic and normothermic subgroups,
was perceptibly lower compared with our study population,
which might be an explanation for this finding (8).

In the present study population, 31% of the patients
developed ARDS. This is above average compared with
different studies either on patients with combined/isolated
blunt chest trauma or multiply injured patients with or
without blunt chest trauma. Recent studies report an
incidence of ARDS of 5-18% (1, 3). Our study population
predominantly comprised patients with blunt severe thoracic
trauma as the leading injury due to our inclusion (AISchest≥3)
and exclusion criteria (AIShead≥3). In our opinion, this is the
main reason for the higher incidence of ARDS. For analysis
of the additional effect of risk factors on outcome, we tried
to level the influence of the severity of thoracic injury by
including patients with severe thoracic injuries only. In this
case, hypothermia was not identified as an independent risk
factor for ARDS and VAP. Comparable data in the literature
are scarce. Shell-Chaple and colleagues reported that
hypothermia at the time of appearance of ARDS was
correlated with increased mortality (34). However, the study
population comprised patients all of whom had ARDS
independent of the cause and hypothermia was defined as
body temperature at the time of ARDS appearance.
Therefore, comparability is limited. Royon and colleagues
reported that patients with pulmonary contusion and
concomitant hypothermia on admission had a 2.6-fold risk
of bacterial infection (22). However, bacterial infection as
the primary outcome is not congruent with VAP.
Furthermore, incidence of ARDS was markedly lower at
12% compared with 31% in our study population. Thus,
comparability of the study results is also limited. In any case,
even the aforementioned limitations cannot explain the
contrary results. In the present study population, only blood
transfusion was found to be an independent predictor. This
is in line with the current literature (3, 4). However, Miller
and colleagues reported that injury severity (ISS>25) was an

independent risk factor for ARDS. This is in contrast to our
own results, but is mainly attributable to the different study
populations. Whereas Miller included all patients with a
blunt thoracic trauma (AISchest≥1), we only included
multiply injured patients with a severe thoracic trauma
(AISchest≥3) (3). Since sicker patients (identified by means
of APACHE II score, SAPS II score or SOFA score) are
more susceptible to developing ARDS (35), it is
comprehensible that multiply injured patients are more at
risk of developing ARDS than less severely injured patients.
In any case, our own results suggest that the overall injury
severity has no additional and independent influence on
ARDS development, if the two most important influencing
injuries (severe blunt thoracic trauma and traumatic brain
injury) are excluded (36, 37). Although hypothermic patients
displayed significantly increased mortality in the present
study population (10% vs. 1%, p=0.002), hypothermia was
not identified as an independent predictor of mortality. This
is in accordance with the results of Beilman et al. (7),
Steinemann et al. (9), and Mommsen et al. (17), but in
contrast to several other studies that identified pre-hospital
hypothermia as an independent risk factor for mortality (8,
10, 16, 18). Mommsen attributed this to blood transfusion as
a potential confounding factor, among others, since a
reduced multivariate analytic model without transfused blood
products demonstrated hypothermia to be an independent
predictor of mortality (17). With reference to the increased
use of transfused blood products in hypothermic patients and
the results of the regression analysis, it appears more likely
that hypothermia is primarily an accompaniment of injury
severity and hemorrhage than vice versa.

Besides the inherent limitations of retrospective cohort
studies, there might be a potential bias because of missing
data, since 53 patients (18.2%) had to be excluded from our
analysis because of missing temperature data. However,
this is in accordance with comparable data from the
literature (38). The decision to exclude patients with a
severe traumatic brain injury was based on the
consideration that traumatic brain injury itself affects the
necessity for and duration of mechanical ventilation and the
risk of iatrogenic ARDS and VAP (36, 37). Certainly, it is
possible to consider this in a regression analysis. However,
the fit of regression models decreases with an increasing
variable. By excluding patients with considerable traumatic
brain injuries this could be avoided. Nevertheless, the
multifactorially influenced outcome of severely injured
patients cannot be predicted reliably by only a few factors
such as injury severity or hypothermia. The maximum
likelihood estimates of some of our logistic regression
analyses indicate that there must be unknown confounding
factors that influence the outcome. Nevertheless, in a
complex disease pattern like multiple trauma, this probably
has to be accepted.
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This matched-pair analysis investigated multiply injured
patients with leading severe blunt thoracic trauma with
precisely defined outcome on admission without any loss to
follow-up at a level-I trauma center in a high-income country
with a sophisticated trauma system. Data analyses comprise
validated methods only. For this reason, our results may be
generalized to countries with comparable medical standards.

In conclusion, accidental hypothermia was not identified
as an independent predictor of ARDS and VAP in multiply
injured patients with a leading severe blunt chest trauma and
is more likely to accompany injury severity and hemorrhage.
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