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BACKGROUND: Hypothermia is associated with poor outcomes after injury. The relationship between hypothermia during contemporary large vol-
ume resuscitation and blood product consumption is unknown.We evaluated this association, and the predictive value of hypother-
mia on mortality.

METHODS: Patients predicted to receive massive transfusion at 12 level 1 trauma centers were randomized in the Pragmatic Randomized Op-
timal Platelet and Plasma Ratios (PROPPR) trial and were grouped into those who were hypothermic (<36°C) or normothermic
(36–38.5°C) within the first 6 hours of emergency department arrival. The impact of hypothermia or normothermia on the volume
of blood product required during the first 24 hours was determined via negative binomial regression, adjusting for treatment arm,
injury severity score, mechanism, demographics, pre–emergency department fluid volume, blood administered before becoming
hypothermic, pulse and systolic blood pressure on arrival, and the time exposed to hypothermic or normothermic temperatures.

RESULTS: Of 680 patients, 590 had a temperaturemeasured during the first 6 hours in hospital, and 399 experienced hypothermia. Themean number
of red blood cell (RBC) units given to all patients in the first 24 hours of admission was 8.8 (95% confidence interval [CI], 7.9–9.6). In
multivariable analysis, every 1°C decrease in temperature below 36.0°C was associated with a 10% increase (incidence rate ratio, 0.90;
95% CI, 0.89–0.92; p < 0.00) in consumption of RBCs during the first 24 hours of admission. There was no association between
RBC administration and a temperature above 36°C. Hypothermia on arrival was an independent predictor of mortality, with an adjusted
odds ratio of 2.7 (95% CI, 1.7–4.5; p < 0.00) for 24-hour mortality and 1.8 (95% CI, 1.3–2.4; p < 0.00) for 30-day mortality.

CONCLUSION: Hypothermia is associated with increase in blood product consumption and mortality. These findings support the maintenance of nor-
mothermia in trauma patients and suggest that further investigation on the impact of cooling or rewarming during massive transfusion
is warranted. (J Trauma Acute Care Surg. 2019;86: 458–463. Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Prognostic, level III.
KEYWORDS: Hypothermia; normothermia; massive transfusion; resuscitation; hemorrhage.

T he mechanism underlying the coagulopathy associated with
trauma is an area of ongoing investigation. It is described

by varying and combined degrees of dysfibrinogenemia,
hyperfibrinolysis, endothelial dysfunction, and impaired platelet
activity, dependent upon the magnitude of injury and severity of
shock.1–3 The impact of hypothermia on this process is a clini-
cally relevant consideration, as the presence of decreased body
temperature has been shown to impair clotting factor activity
and platelet function.1,4

Trauma-induced hypothermia has an incidence of approxi-
mately 43% to 65% and is associated with progression of coagulop-
athy and poor outcomes in trauma patients.5–16 Jurkovich et al.9

demonstrated that mortality increases as temperature decreases
across groups with similar injury severity scores (ISSs) and fluid
requirements. In this seminal work, 32°C was identified as the
critical temperature, below which mortality was 100%.9 Subse-
quently Gentilello et al.17 determined that rapid rewarming de-
creases mortality and reduces fluid requirements. Hypothermia
after cavitary exploration for traumatic injury has also been found
to be an independent predictor of mortality, with a stepwise de-
crease in morality with increasing postoperative temperature.6

While it has been suggested that hypothermia contributes
to operative blood loss, its impact on blood product requirement
in trauma patients undergoing contemporary large volume resus-
citation has, to the best of our knowledge, not been deter-
mined.14,18,19 The objective of this study was to ascertain the
independent impact of hypothermia on blood product require-
ments during initial resuscitation. Furthermore, we sought to ex-
amine the association of hypothermia with mortality in critically
injured trauma patients undergoing contemporary large volume
balanced resuscitation.

METHODS

This secondary analysis was conducted using the data set
that was collected during the Pragmatic Randomized Optimal
Platelet and Plasma Ratios (PROPPR) trial.20 This was an Ex-
ception From Informed Consent (EFIC) trial and was approved
by all institutional review boards at each of the 12 study sites
as well as the Human Research Protection Office of the US
Army. The study design and results have been described in detail
previously.21 Briefly, severely injured patients, 15 years or older,
expected to require a massive transfusion and admitted to a level
I trauma center were randomized to a 1:1:1 or 1:1:2 ratio of
plasma to platelets to red blood cells (RBCs). Clinical parame-
ters including vital signs, diagnostic tests, and resuscitation mea-
sures, as well as the time of each intervention or measurement
were captured in detail.
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Hypothermiawas defined as a temperature less than 36.0°C,
as per the Advanced Trauma Life Support guidelines and previ-
ous studies, and normothermiawas considered to be greater than
or equal to 36.0°C and less than or equal to 38.5°C.22–24 Pa-
tients with a temperature greater than 38.5°C were excluded.
Patients were grouped into those that experienced at least one
measurement of hypothermia within the first 6 hours from
arrival in the emergency department (ED) and those that
maintained normothermia throughout the 6-hour period.
The group characteristics were compared using the Wilcoxon
rank sum or McNemars test where appropriate. A Kaplan-Meier
curve for those remaining normothermic over the 6-hour period
was constructed.

Data were organized chronologically, and blood products
administered during a period of hypothermia or normothermia
were iteratively tabulated for 24 hours from admission, defined
as moment of arrival in the ED. Two models were created to ex-
plain administration of RBC units: hypothermic and normother-
mic. The independent variable of interest was temperature. The
cumulative time a patient spent hypothermic or normothermic
was used as the exposure variable in the respective models.
The models were adjusted with the following covariates: treat-
ment arm as defined by the study protocol; hospital site; initial
systolic blood pressure; heart rate and serum lactate, defined
as the first measurement recorded upon admission; fluids given
prearrival in the ED, represented by a binary variable; and need
for cavitary exploration (thoracotomy or laparotomy). The ad-
mission report of weight in kilograms, ISS, age in years, sex,
and mechanism of injury (blunt vs. penetrating) were also used.

For the hypothermic model, the number of RBCs administered
before the first measurement of hypothermia was also included.

A backwards stepwise negative binomial regression (re-
moval criteria, p > 0.05) approach was taken to model the RBCs
administered while hypothermic or normothermic. Frequency
weighting was applied. The fit was tested by plotting the depen-
dant variables against both Poisson and negative binomial distri-
butions, comparing the predicted values from each regression to
the recorded values, and performing goodness of fit tests.

A backwards stepwise logistic regression (removal criteria,
p > 0.05) was performed to determine the adjusted odds ratios
(ORs) of 24-hour and 30-day mortality for patients presenting
with hypothermia on initial measurement. The ORswere adjusted
for the following covariates: number of RBC units used in
24 hours, need for emergent OR (within 90 minutes of arrival),
ISS, mechanism of injury (blunt versus penetrating), weight,
age, sex, and initial pulse and systolic blood pressure on arrival
was assessed and modeled accordingly. The area under the re-
ceiver operating characteristic curve was calculated.

The analyses were conducted using STATA (version 13;
College Station, TX).

RESULTS

Of the 680 enrolled patients, 590 (86.8%) had a tempera-
ture measured during the first 6 hours in hospital. Of these pa-
tients, 4 (6.8%) were hyperthermic and were excluded (Fig. 1).
After exclusion, the mean initial temperature was 35.8°C (95%
confidence interval [CI], 35.7–35.9). During the first 6 hours,

Figure 1. Cohort distribution by temperature in the first 6 hours in hospital.
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399 patients (67.6%) experienced hypothermia. Of those patients,
195 (49%), 94 (24%), and 39(10%) experienced temperatures
equal to or less than 35°C, 34°C, and 33°C, respectively. The per-
cent of patientsmaintaining normothermia during the first 6 hours
is demonstrated in Figure 2. The mean (SD) time to temperature
measurement was 50.8 (88.2) minutes, and the median (IQR)
timewas 0 (0–55) minutes. The characteristics of patients that ex-
perienced hypothermia, compared with those that remained nor-
mothermic, are reported in Table 1. The mean (SD) number of
RBC units transfused in 24 hours was 8.8 (10.5) overall, with
9.9 (11.4) and 6.3 (7.9) being transfused in the hypothermic
and normothermic groups, respectively.

In multivariable analysis assessing blood transfused while
hypothermic, temperature, lactate, cavitary exploration, treatment
arm, hospital site, ISS, heart rate and systolic blood pressure on
arrival to the ED, pre-ED fluid administration, mechanism,
weight, sex, and age were found to be statistically significant
predictors of RBCs required in the first 24 hours of admission.

An increasing temperature was associated with a reduced num-
ber of RBC units required, with an incidence rate ratio of 0.90
(0.89–0.92). Blood products administered before becoming hy-
pothermic was not a statistically significant covariate. In the nor-
mothermic model, temperature had no statistically significant
effect on blood product administration. Treatment arm, ISS, heart
rate and systolic blood pressure on arrival to the ED, pre-ED fluid
administration, mechanism, and weight were significant variables
in the model.

In the analysis of mortality, the presence of hypothermia
upon arrival at a trauma center resulted in adjusted ORs of 2.7
(95% CI, 1.7–4.5; p < 0.00) and 1.8 (95% CI, 1.3–2.4;
p < 0.00) for 24-hour and 30-day mortality, respectively. The
number of units of RBCs received in the first day was also a pre-
dictor of 30-day mortality (OR, 1.0; 95% CI, 1.0–1.1; p < 0.01).
The areas under the receiver operating characteristic curve for
the 24-hour and 30-day mortality models were 0.785 and
0.830, respectively.

Figure 2. Kaplan-Meier analysis for those remaining normothermic (temperature >36 and <38.5) in initial 6 hours of admission.

TABLE 1. Cohort Characteristics and Comparisons of Patients Who Had Measured Hypothermia Versus Those That Did Not Over First
6 Hours of Admission

Experienced Hypothermia (n = 399) Normothermic for Initial 6 h (n = 187) p

Age, mean (SD), y 39.4 (18.0) 37.1 (15.6) 0.34

Sex, male, n (%) 314 (79) 158 (84) 0.00

Systolic blood pressure, mean (SD) 105.1 (32.2) 102.7 (28.5) 0.49

Heart rate, mean (SD) 112.6 (28.9) 112.6 (25.5) 0.81

ISS, mean (SD) 30.0 (14.9) 25.6 (14.4) 0.00

Weight, mean (SD), kg 83.1 (20.9) 86.9 (22.6) 0.01

Treatment arm 1:1:1 198 (49.9%) 91 (48.1%) 0.00

Fluids given pre-ED 321 (81.9%) 125 (66.7%) 0.00

Blunt, n (%) 220 (55.4) 84 (44.9) 0.00

First temperature measurement, mean (SD), °C 35.4 (1.2) 36.7 (0.5) 0.00

Time to first hypothermic measurement, mean (SD), min 63.6 (88.6) — —

Time to first temperature measurement, mean (SD), min 36.6 (70.8) 81.0 (112.2) 0.00

RBCs in 24 h, mean (SD), unit 9.9 (11.4) 6.3 (7.9) 0.00
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DISCUSSION

In this large cohort of critically ill, massively transfused
patients admitted to a level 1 trauma center, we described the in-
dependent association between hypothermic temperatures and
both mortality and blood product requirement. Confirming pre-
vious work, despite the aggressive contemporary resuscitation
efforts, hypothermia at ED presentation remained an indepen-
dent predictor of mortality, with adjusted ORs of 2.7 (95% CI,
1.7–4.5; p < 0.00) and 1.8 (95% CI, 1.3–2.4; p < 0.00) for
24-hour and 30-day mortality, respectively. Furthermore, analy-
sis of this comprehensive transfusion data set demonstrated that
an increase in temperature by 1°C, when hypothermic, is associ-
ated with a 10% reduction in the RBC transfusion requirement.
This relationship is independent of other factors thought to in-
fluence transfusion requirements. When normothermia is
maintained during the first 6 hours in hospital, temperature in-
crease is not a predictor of blood cell transfusion requirement.
The implication is that, using the mean number of RBCs trans-
fused in this study, a patient with a temperature of 34°C will re-
quire one more unit of RBCswhen compared with a patient with
a temperature of 36°C, after adjustment for injury severity and
other factors influencing transfusion requirements. This repre-
sents a significant increase in resource use, cost, and patient risk,
supporting the avoidance of hypothermia in trauma patients.

The size of our study cohort was suitable for determining
the impact of hypothermia on both blood product use and mor-
tality. The study exclusion criteria, which included the exclusion
of patients requiring CPR for greater than 5 minutes and those
undergoing an emergency thoracotomy, increase the homogene-
ity of the cohort. The rate of hypothermia and other patient de-
mographics in our study was similar to that published in the
literature.1,15 The ISS was higher in the hypothermic group,
which concurs with the findings of Beilman et al.15 The hypo-
thermic group weighed less than the normothermic group. This
may suggest a protective effect of body mass, with regards to
body temperature. Similarly, there were more females in the hy-
pothermic group, which may be reflective of body composition
and a subsequent protective effect. Importantly, the hypothermic
patients were more likely to receive fluids before arrival in the
ED. Whether this represents a more severe injury and tenuous
hemodynamic state or a causal mechanism for hypothermia it-
self cannot be determined from this study. Adjusting for the
use of prearrival fluids in the explanatory models parses its
potential effect on transfusion requirements from that of tem-
perature itself.

There was a statistically significant difference between the
distribution of treatment arms between the two temperature
groups. However, the difference may not be clinically relevant,
as it was less than 2%. The presence of more 1:1:1 patients,
who by definition received more blood product then the 1:1:2
patients, in the hypothermic arm may reflect the use of blood
products or may simply be stochastic. The reported incidence
rate ratios were adjusted for patient treatment arm.

While the granular and frequent data collection of the ran-
domized controlled trial protocol creates an advantageous cohort
in which to study the impact of hypothermia, several limitations
of this work merit consideration. First, the anatomical location
and method of temperature measurement were not standardized

or documented. Given the variability in the devices used and the
heterogeneity of temperatures taken at different locations, along
with the pooling of data from 12 sites, the temperature measure-
ments may have introduced endogeneity into the models. More-
over, warming protocols differ between sites and may have
introduced bias as well.

The design of the trial was such that the massive transfu-
sion protocol ceased once the most responsible physician
deemed hemostasis had been achieved. However, further blood
products could be administered based on institutional guide-
lines, local laboratory results, and clinical judgment.25 There-
fore, our use of RBC units as a surrogate for overall product
use, based on the study ratios, may introduce error because of
additional blood product use after protocol termination.

Of the 680 patients enrolled in the PROPPR study,
90 patients, or 13.2%, did not have temperature measured within
6 hours of ED arrival. The mean (SD) time to temperature mea-
surement was 50.8 (88.2) minutes; however, the median (IQR)
time was 0 (0–55) minutes. This demonstrates that, while most
patients had a temperature measured, there was variability in
the time to temperature measurement. As well, hypothermic pa-
tients had their temperature measured earlier: this may represent
an increased propensity to check temperature in sicker, more se-
verely injured patients. Given the evidence that hypothermia is
associated with increased blood product use and mortality, this
study illustrates possible areas for improvement in baseline vital
sign assessment.

Caution should be applied to extracting causation from as-
sociation within the context of this study. While initial tempera-
ture measurements occurred before few, or any, blood products
were administered, many of the subsequent temperatures occur-
ring during the initial 6 hours occurred after transfusions had oc-
curred and thus may be influenced by the product temperature
itself. Unfortunately, too few patients had temperatures recorded
by EMS or before initiation of massive transfusion to power a
model isolating the influence of body temperature during the
time between injury and ED arrival or commencement of mas-
sive transfusion. Collecting this information is difficult, as the
decision to commence a transfusion protocol is made based on
parameters other than temperature, making temperature mea-
surement lower priority than other metrics. Therefore, while
temperature and transfusion requirements are associated in a
well-adjusted model, supporting the paradigm that normothermia
is superior, further work is needed to elicit the effect of actively
warming hypothermic trauma patients. Furthermore, given the
success of controlled hypothermia in organ preservation and car-
diac arrest models, the interface between trauma-induced, uncon-
trolled hypothermia and induced hypothermia merits further
investigation.26 Studying the role of hypothermia in trauma on
the full complex state of injury, rather than isolated components
such as energy stores, acidosis, and coagulopathy, will aid in
elucidating the optimal approach to resuscitation of the severely
injured patient.26,27

CONCLUSION

Hypothermia is associated with an increase in blood prod-
uct consumption and is an independent predictor of mortality.
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Measuring the impact of restoring normothermia in severely in-
jured patients warrants further investigation.
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