
 

 

 

Effects of accidental hypothermia on posttraumatic
complications and outcome in multiple trauma
patients
Citation for published version (APA):

Mommsen, P., Andruszkow, H., Frömke, C., Zeckey, C., Wagner, U., van Griensven, M., Frink, M.,
Krettek, C., & Hildebrand, F. (2013). Effects of accidental hypothermia on posttraumatic complications and
outcome in multiple trauma patients. Injury-International Journal of the Care of the Injured, 44(1), 86-90.
https://doi.org/10.1016/j.injury.2011.10.013

Document status and date:
Published: 01/01/2013

DOI:
10.1016/j.injury.2011.10.013

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 02 Oct. 2023

https://doi.org/10.1016/j.injury.2011.10.013
https://doi.org/10.1016/j.injury.2011.10.013
https://cris.maastrichtuniversity.nl/en/publications/346aa4c7-616b-4887-9152-b933af58f384


Injury, Int. J. Care Injured 44 (2013) 86–90
Effects of accidental hypothermia on posttraumatic complications and outcome in
multiple trauma patients

P. Mommsen a,d,*, H. Andruszkow a,d, C. Frömke b, C. Zeckey a, U. Wagner a, M. van Griensven c, M. Frink a,
C. Krettek a, F. Hildebrand a

a Trauma Department, Hannover Medical School, 30625 Hannover, Germany
b Institute for Biometry, Hannover Medical School, 30625 Hannover, Germany
c Ludwig Boltzmann Institute for Experimental and Clinical Traumatology, Vienna, Austria

A R T I C L E I N F O

Article history:

Accepted 11 October 2011

Keywords:

Multiple trauma

Accidental hypothermia

Posttraumatic complications

Survival

Association

A B S T R A C T

Introduction: Accidental hypothermia seems to predispose multiple trauma patients to the development

of posttraumatic complications, such as Systemic Inflammatory Response Syndrome (SIRS), sepsis,

Multiple Organ Dysfunction Syndrome (MODS), and increased mortality. However, the role of accidental

hypothermia as an independent prognostic factor is controversially discussed. The aim of the present

study was to evaluate the incidence of accidental hypothermia in multiple trauma patients and its effects

on the development of posttraumatic complications and mortality.

Patients and methods: Inclusion criteria for patients in this retrospective study (2005–2009) were an

Injury Severity Score (ISS) �16, age �16 years, admission to our Level I trauma centre within 6 h after the

accident. Accidental hypothermia was defined as body temperature less than 35 8C measured within 2 h

after admission, but always before first surgical procedure in the operation theatre. The association

between accidental hypothermia and the development of posttraumatic complications as well as

mortality was investigated. Statistical analysis was performed with x2-test, Student’s t-test, ANOVA and

logistic regression. Statistical significance was considered at p < 0.05.

Results: 310 multiple trauma patients were enrolled in the present study. Patients’ mean age was 41.9

(SD 17.5) years, the mean injury severity score was 29.7 (SD 10.2). The overall incidence of accidental

hypothermia was 36.8%. The overall incidence of posttraumatic complications was 77.4% (SIRS), 42.9%

(sepsis) and 7.4% (MODS), respectively. No association was shown between accidental hypothermia and

the development of posttraumatic complications. Overall, 8.7% died during the posttraumatic course.

Despite an increased mortality rate in hypothermic patients, hypothermia failed to be an independent

risk factor for mortality in multivariate analysis.

Conclusions: Accidental hypothermia is very common in multiply injured patients. However, it could be

assumed that the increase of mortality in hypothermic patients is primarily caused by the injury severity

and does not reflect an independent adverse effect of hypothermia. Furthermore, hypothermia was not

shown to be an independent risk factor for posttraumatic complications.

� 2011 Elsevier Ltd. All rights reserved.
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Introduction

Hypothermia is defined as a core temperature less than 35 8C.1–9

Multiple trauma patients are predisposed to accidental hypothermia
due to exposure to the environment, application of cold intravenous
fluids and anaesthetic medication. Additionally, haemorrhagic shock
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with anaerobic metabolism and hypoperfusion of the thermoregu-
latory centres in the hypothalamus leads to a reduced thermogene-
sis.10–13 At the time of admission, accidental hypothermia occurs in
up to 66% in severely injured patients3,14,15 having potentially
serious physiological effects on coagulation and haemodynamic
system. Especially, vascular, extremity, pelvic and abdominal
injuries seem to be associated with the development of accidental
hypothermia.14,16 Furthermore, the extent of hypothermia correlates
with overall injury severity of multiple trauma patients.17

Several studies have reported an association between acciden-
tal hypothermia and the risk for posttraumatic complications11

and worse outcome.10,18–20 In severely injured patients with a core
temperature <32 8C, a mortality rate of 100% has been described.19

http://dx.doi.org/10.1016/j.injury.2011.10.013
mailto:mommsen.philipp@mh-hannover.de
http://www.sciencedirect.com/science/journal/00201383
http://dx.doi.org/10.1016/j.injury.2011.10.013
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Due to these negative effects of accidental hypothermia current
trauma care guidelines recommend early and effective rewarming
of hypothermic trauma patients. However, Steinemann et al.
described an association between accidental hypothermia and
increased mortality, but not after stratification by physiological
and anatomic indicators of injury severity.7 In a recent study,
Beilman et al. reported accidental hypothermia to be a significant
risk factor for Multiple Organ Dysfunction Syndrome (MODS), but
not for mortality.11

Therefore, the role of accidental hypothermia as an indepen-
dent predictor for the development of posttraumatic complications
and mortality in multiple trauma patients is still controversially
discussed. The question remains whether accidental hypothermia
has a primary impact on trauma outcome or simply represents the
result of injury severity and exposure. Therefore, the present study
aimed to evaluate the incidence of accidental hypothermia in
multiple trauma patients as well as the effects of accidental
hypothermia on the development of posttraumatic complications,
such as MODS, Systemic Inflammatory Response Syndrome (SIRS)
and sepsis, and mortality.

Patients and methods

Ethical approval and informed consent

The present study has been approved by the local Ethical
Committee. The need to obtain informed consent was waived by
the local ethical committee.

Inclusion and exclusion criteria

Multiple trauma patients [Injury Severity Score (ISS) �16] aged
�16 years treated at our Level 1 trauma centre between January
2005 and March 2009 were included in the present study. Further
inclusion criteria were primary admission to our hospital within
6 h after injury and documentation of temperature within 2 h after
admission, but before the first surgical procedure in the operation
theatre. Exclusion criteria were steroidal and non-steroidal anti-
inflammatory medication, hormone therapy, vascular obstruction
(cardiac coronary disease, renal dysfunction, diabetes), malignancy
or chronic diseases of the liver, kidneys or lung due to their marked
impact on posttraumatic complications and outcome (Table 1).

Definitions

MODS was defined according to Marshall et al.21 According to
the literature, manifest MODS was considered at a Marshall Score
>8 points on at least 1 day during the observation period.21,22

Diagnosis of SIRS was related to the criteria of the Consensus
Conference of the American College of Chest Physicians and Society
of Critical Care Medicine [ACCP/SCCM] on at least 2 consecutive
days.23 Hypothermia was defined as a documented temperature
less than 35 8C within the first 2 h after admission to our trauma
centre, but at least before operative interventions in order to
exclude a perioperative loss of body temperature. This temperature
Table 1
Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Age �16

ISS �16

Primary admission within

6 h after trauma

Documentation of temperature

within 2 h after admission

Steroidal and non-steroidal

anti-inflammatory medication

Hormone replacement

Malignancies

Chronic diseases of liver, kidneys or lung

Vascular obstruction
limit is well accepted in the medical literature.2,3,5–9,24 Body
temperature was determined by bladder or oesophageal probe (in
case of urethral or pelvic injuries), both representing reliable
methods for the measurement of core temperature.10,25–29 Temper-
ature data was recorded electronically.

Clinical parameters and outcome evaluation

Clinical data including demographics, mechanism of injury,
distribution of concomitant injuries according to the Abbreviated
Injury Scale (AIS), as well as duration of intensive care and
mechanical ventilation, and mortality were recorded. Laboratory,
haemodynamic and respiratory parameters were documented. The
results of clinical examination and blood chemistry were recorded
up to 14 days after admission.

Statistical analysis

In the present explorative study the influence of hypothermia
on the development of posttraumatic complications and mortality
was modelled with x2-test and multivariable logistic regression.
For the adjustment of potential confounders, clinically relevant
and statistically significant variables (p-value �0.2) were entered
into the multivariable model. Confounders in all analyses included
age, transfusion of PRBC (packed red blood cells), plasma (FFP) and
platelets (PLT) as well as ISS, traumatic brain injury (AIShead)
and further concomitant injuries (AISface, AISchest, AISabdomen,
AISextremity, AISexternal). Differences in the duration of ventilation,
length of ICU and hospital stay between hypothermic and non-
hypothermic patients were analysed using ANOVA following
pairwise t-test. Again, the analytic model included the aforemen-
tioned confounding factors from univariate analyses. Results are
presented as two-sided 95% confidence intervals for the difference
in means or the odds ratio. The level of statistical significance was
considered at p < 0.05. Due to the explorative character of the
present study, a multiplicity correction was omitted. Statistical
analysis was performed using SPSS computer software (SPSS 11.5,
Chicago, IL, USA) and SAS (Version 9.2, Cary, NC, USA).

Results

Demographics and hypothermia

310 patients with multiple injuries [mean age 41.9 years,
standard deviation (SD) 17.5] were included in the present study.
220 patients (71.0%) were male and 90 (29.0%) were female. The
mean ISS was 29.7 (SD 10.2). Overall demographic data are
summarised in Table 2. The overall incidence of accidental
hypothermia was 36.8% (Table 3). 70 patients (22.6%) showed a
body temperature between 35 8C and 34 8C (mild hypothermia). 42
patients (13.6%) suffered from a moderate hypothermia (body
temperature between 34 8C and 32 8C) and 2 patients (0.6%)
developed a body temperature less than 32 8C (severe hypother-
mia). Hypothermic patients were shown to have a higher ISS (p-
value 0.048, t-test) and AIShead (p-value 0.033, t-test) compared to
non-hypothermic patients. In addition, hypothermic patients
received more PRBC (p-value 0.005, t-test), FFP (p-value <0.001,
t-test) and PLT (p-value <0.001, t-test). No differences could be
observed concerning age and gender distribution between
hypothermic and non-hypothermic patients. Demographic data
in patients with or without hypothermia are presented in Table 2.

Clinical data

The overall mean duration of mechanical ventilation was 11.3
(SD 15.4) days, the overall mean length of intensive care unit and



Table 2
Demographic and clinical data.

Overall No hypothermia Hypothermia p-Value

Patients [n] 310 196 114 –

Gender [male:female] 220:90 145:51 75:39 0.161

Age [years] 41.9 (17.5) 41.4 (16.5) 42.8 (19.1) 0.483

ISS 29.7 (10.2) 28.8 (9.8) 31.2 (10.7) 0.048*

AIShead 1.7 (1.7) 1.5 (1.7) 1.9 (1.8) 0.033*

AISface 0.9 (1.2) 0.82 (1.2) 1.1 (1.2) 0.076

AISchest 2.7 (1.5) 2.71 (1.5) 2.8 (1.5) 0.783

AISabdomen 1.3 (1.7) 1.2 (1.7) 1.4 (1.7) 0.325

AISextremity 2.4 (1.4) 2.4 (1.4) 2.3 (1.3) 0.647

AISexternal 1.5 (1.1) 1.4 (1.1) 1.6 (1.1) 0.076

Mortality [n] 27 (8.7%) 11 (5.6%) 16 (14.0%) 0.020*

SIRS [n] 240 (77.4%) 144 (73.5%) 96 (84.2%) 0.091

Sepsis [n] 133 (42.9%) 77 (39.3%) 56 (49.1%) 0.188

MODS [n] 23 (7.4%) 13 (6.6%) 11 (9.6%) 0.486

Duration of ventilation [days] 11.3 (15.4) 8.0 (11.5) 17.0 (19.3) <0.001*

Intensive care unit stay [days] 13.3 (16.5) 10.3 (12.8) 18.6 (20.4) <0.001*

Hospital stay [days] 28.8 (23.3) 27.0 (19.9) 32.0 (28.0) 0.064

PRBC [n] 14.0 � (16.6) 11.5 (14.4) 18.2 (19.2) 0.005*

FFP [n] 9.4 � (12.7) 7.6 (11.5) 12.5 (14.1) <0.001*

PLT [n] 1.5 � (3.6) 1.1 (3.6) 2.1 (3.4) <0.001*

* Statistical significance (p < 0.05) as indicated by x2-test (categorical variables) or t-test (continuous variables).
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hospital stay 13.3 (SD 16.5) and 28.8 (SD 23.3) days, respectively
(Table 2). In comparison to patients without hypothermia,
hypothermic patients were longer ventilated (p-value <0.001, t-
test) and had an increased length of ICU stay (p-value <0.001, t-
test). In accordance, multivariable analysis with ANOVA revealed
hypothermia to be an independent predictor for duration of
mechanical ventilation (p-value <0.001, 95% CI �9.43; �2.71) and
ICU stay (p-value 0.002, 95% CI �9.66; �2.28). In contrast, patients
with hypothermia showed no prolonged hospital stay compared to
non-hypothermic patients (p-value 0.064, t-test). Additionally,
multivariable analysis failed to show an association between
hypothermia and the length of hospital stay (p-value 0.390, 95% CI
�7.56; 2.96).

Posttraumatic complications and outcome

The overall incidence of SIRS, sepsis and MODS was 77.4%, 42.9%
and 7.4%, respectively. As presented in Table 2, the incidence of
these posttraumatic complications was not significantly different
depending on the presence of hypothermia (p-value >0.05, x2-
test). Accordingly, hypothermia failed to be an independent
prognostic factor for the development of SIRS (p-value 0.337, OR
1.43, 95% CI .69; 2.95), sepsis (p-value 0.868, OR 1.05, 95% CI 0.58;
1.91) and MODS (p-value 0.952, OR 0.97, 95% CI 0.36; 2.59) in the
logistic regression. In overall, 27 patients (8.7%) died during the
posttraumatic course (Table 2). Hypothermic multiple trauma
patients showed a higher mortality rate (14.0%) compared to non-
hypothermic patients (5.6%) (p-value 0.011, x2-test). However,
multivariable analysis with logistic regression including potential
confounders revealed that other clinical parameters are more
associated to mortality than hypothermia (p-value 0.107, OR 2.05,
95% CI 0.86; 4.92). The results of the logistic regression are
summarised in Table 4.
Table 3
Incidence of hypothermia.

Hypothermia (overall) [%] 36.8

Mild (<35–34 8C) [%] 22.6

Moderate (<34–32 8C) [%] 13.6

Severe (<32 8C) [%] 0.6
Discussion

The present study aimed to evaluate the incidence of accidental
hypothermia in multiply injured patients and its impact on the
development of posttraumatic complications and mortality in a
European Level I trauma centre. In the present study population of
multiply injured patients, accidental hypothermia was found in
36.8% with no differences in regards to age and gender distribution
depending on the presence of accidental hypothermia.10,11 These
results are in accordance to the current literature reporting an
incidence of accidental hypothermia in up to 66% depending on the
definition of hypothermia and the enrolled trauma popula-
tion.10,11,14,15,30 Supporting the association between the injury
severity and the development of hypothermia described in
previous studies,10,11,14,16,17 we found a significantly increased
ISS in hypothermic patients compared to non-hypothermic
patients (p = 0.048). In accordance to previous studies,10,20

hypothermic patients suffered more often from severe traumatic
brain injuries (TBI) in the present study. In this context, these
results support impaired thermoregulation due to damage to
thermo-regulative, hypothalamic areas as one cause of accidental
hypothermia. In contradiction, Steinemann et al. reported no
differences concerning TBI between hypothermic and non-
hypothermic trauma patients.7 Hypothermic patients received
significantly more blood products compared to non-hypothermic
patients in the present study (p < 0.05) probably indicating more
severe haemorrhage in hypothermic patients due to increased
injury severity. Accordingly, Beilman et al. described a significantly
increased transfusion rate of PRBCs in case of hypothermia.11 In
contrast, Ireland et al. found no difference in transfused blood
products depending on the presence of hypothermia.10 In the study
of Ireland et al., the overall injury severity as well as the injury
severity of the hypothermic and non-hypothermic subgroup was
lower compared to the investigation of Beilman et al.11 and our
study. As we found the ISS (PRBC: p-value 0.0055, OR 1.349; FFP: p-
value 0.033, OR 1.655; PLT: 0.005, OR 2.040) to be an independent
factor for the transfusion of blood products, this might be an
explanation for the missing differences concerning transfused
blood products in the aforementioned study.10

Despite a significantly increased mortality rate in hypothermic
patients compared to non-hypothermic patients (p = 0.02),
multivariable analysis with logistic regression demonstrated



Table 4
Results of logistic regression.

Logistic regression Frequency of poor outcome [%] Odds ratio [95% confidence interval] p-Value

1st categorya 2nd category

Mortality

Hypothermia (no:yes) 5.6 14.0 2.05 [0.86; 4.92] 0.107

ISS (�27:>27) 3.1 14.9 4.09 [1.44; 11.62] 0.008

AIShead (�1:>1) 3.6 14.5 3.61 [1.34; 9.73] 0.011

AISexternal (�2:>2) 9.7 3.9 0.32 [0.07; 1.49] 0.147

FFP (�6:>6) 4.7 13.8 3.20 [1.27; 8.08] 0.014

SIRS

Hypothermia (no:yes) 73.5 84.2 1.43 [0.69; 2.95] 0.337

ISS (�27:>27) 72.3 82.2 1.58 [0.84; 2.99] 0.158

FFP (�6:>6) 69.2 86.9 2.59 [1.29; 5.21] 0.007

Sepsis

Hypothermia (no:yes) 39.3 49.1 1.05 [0.58; 1.91] 0.868

ISS (�27:>27) 36.2 49.6 1.57 [0.91; 2.73] 0.108

AISexternal (�2:>2) 38.4 62.8 2.57 [1.26; 5.23] 0.010

FFP (�6:>6) 30.7 57.6 2.87 [1.62; 5.08] <0.001

MODS

Hypothermia (no:yes) 6.6 9.6 0.97 [0.36; 2.59] 0.952

ISS (�27:>27) 3.7 11.6 2.79 [0.96; 8.10] 0.059

PLT (0:>0) 3.4 15.9 4.74 [1.68; 13.38] 0.003

a First category is reference.
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hypothermia not to be an independent factor of mortality (p-
value 0.138, OR 1.958) in the present study. These observations
are in accordance with previous studies7,11 suggesting that
increased mortality in hypothermic trauma patients is primarily
caused by injury severity and does not reflect an independent
adverse effect of hypothermia. In contrast, several studies found
accidental hypothermia to be an independent factor of mortality
in multiple trauma patients.10,18–20 However, comparison of data
is difficult due to differences in study population characteristics
and inclusion of confounding factors. In comparison to the
present study, Ireland et al. included less severely injured and
secondarily transferred patients.10 In order to prevent a bias due
to in-hospital interventions conducted by the referral depart-
ment, we excluded secondarily transferred patients. Additionally,
we entered the transfusion of blood products as a potential
confounding factor of mortality to the model of multivariable
analysis unlike the aforementioned studies.10,20 In accordance to
our study, Beilman et al., who failed to prove accidental
hypothermia as an independent factor for mortality, also
included the transfusion of PRBCs in their multivariable analytic
model.11 Therefore, it might be assumed that the in- or exclusion
of transfused blood products as an indicator of haemorrhage and
injury severity might be a further explanation for the contra-
dicting results. In this context, we could demonstrate hypother-
mia to be an independent factor of mortality when using a
reduced multivariable analytic model without transfused blood
products (p-value 0.028, OR 2.580). Therefore, we conclude that
accidental hypothermia reflects injury severity and haemorrhage
rather than representing an independent factor for adverse
outcome. In the present study, 73 patients were excluded due to
missing temperature data. Stratifying characteristics (e.g. age,
gender, injury severity) for patients without temperature data
were similar to those for patients enrolled in the present study.
However, patients with missing temperature data revealed more
severe TBI (AIShead 2.01 � 1.83 vs. 1.66 � 1.73; p = 0.141) and
increased mortality (15.1% vs. 8.7%, p = 0.102), but without reaching
statistical significance. Nonetheless, we performed an additional
sensitivity analysis for mortality including patients with missing
temperature data as a separate category. However, we could not
include the transfusion of blood products in this multivariable
logistic regression model due to unavailable data. As the in- or
exclusion of transfused blood products seems to have a decisive
influence, it is not surprising that the presence of hypothermia was
found to be prognostic for mortality in this model. In overall, slightly
underestimation of mortality when excluding the patients with
missing temperature data may represent a potential limiting factor
of the present study. However, the enrolled study population
reflects the entire trauma population as no significant differences
concerning stratifying characteristics were found between the
included and excluded patients making our results reliable.
Furthermore, incomplete documentation of temperature data
seems to reflect routine clinical work. Accordingly, previous studies
excluded comparable numbers of patients due to missing tempera-
ture data.20

In the present study, univariate and multivariable analyses
showed no association between accidental hypothermia and the
development of posttraumatic complications such as SIRS, sepsis
and MODS. In contrast, Beilman et al. reported hypothermia to be
an independent risk factor for the development of MODS.11

However, the study of Beilman et al. only focused on trauma
patients with manifest haemorrhagic shock with assumable
hypoperfusion and subsequent organ dysfunction.11 Therefore,
the patients enrolled in the study of Beilman et al. do not represent
the entire population of multiply injured patients, which might be
an explanation for the different study results.

In the present study, we demonstrated hypothermia to be an
independent factor for the duration of mechanical ventilation and
length of ICU stay, but not for the length of hospital stay. In
accordance, less ICU free days were reported in hypothermic
trauma patients in a previous study.11 Whereas Ireland et al. also
found no association between accidental hypothermia and the
length of hospital stay,10 Beilman et al. reported an increased
length of hospital stay depending on accidental hypothermia.11

These contradicting observations could be explained by the
differences in study design and population characteristics of the
aforementioned investigations. As the excluded patients revealed
decreased length of hospital stay probably due to more severe TBI
and subsequently increased mortality (both without statistical
significance, p > 0.05), there might be a slightly overestimation of
the length of hospital stay in the included patients. This may
represent an explanation for the missing association of accidental
hypothermia and length of hospital stay in the present study.
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Conclusions

Accidental hypothermia is very common in multiply injured
patients. Despite an increased mortality rate in hypothermic
patients, hypothermia failed to be an independent factor of mortality
in multivariable analysis. Therefore, it could be assumed that the
increase of mortality in hypothermic patients is primarily caused by
the injury severity and does not reflect an independent adverse
effect of hypothermia. Furthermore, hypothermia was not shown to
be an independent risk factor for posttraumatic complications.
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