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Hypothermia is a significant contributor to mortality in severely injured 
patients. Rewarming is an enormous challenge, especially in those who 
require operative or angiographic intervention. In this patient popula-
tion, external warming methods are only capable of reducing further 
heat loss, whereas active rewarming adds heat to the body’s core but 
is invasive. This article analyzes our initial experience with a minimal-
ly invasive, continuous, automated, and easily portable intravascular  
rewarming technique using the Alsius Corporation’s CoolGard system. 
The records of 11 hypothermic critically injured patients presenting  
to our level 1 trauma center over a 6-month period were reviewed. The 
patients’ mean age was 39 ± 22 years, 7 (64%) were male, and 7 (64%) 
had blunt mechanisms of injury. The mean injury severity score was 40 
± 16, and the mean initial systolic blood pressure was 91 ± 60 mm Hg. 
The mean core temperature at the initiation of rewarming was 33.6 ± 
1.0°C, and the mean rewarming rate was 1.5 ± 1.0°C/h. Six patients 
died (55%), two of acute exsanguination and four of unsurvivable trau-
matic brain injuries. One patient developed a deep vein thrombosis at 
the femoral catheter site and experienced a nonfatal pulmonary embolus. 
Our experience demonstrates that active intravascular balloon-catheter 
rewarming represents a practical, automated technique for the immedi-
ate and continuous treatment of hypothermia in all phases of the acute 
care of trauma patients.

T
he primary objective in the treatment of critically in-
jured patients is control of hemorrhage. The secondary 
goal is global restoration of normal physiologic me-
tabolism, which includes, but is not limited to, organ 

structural and functional integrity, contamination control, and 
normothermia. The Advanced Trauma Life Support (ATLS) 
framework classifies core temperature hypothermia as mild 
(32–35°C), moderate (30–32°C), or severe (<30°C) (1). Pri-
mary hypothermia is caused by environmental exposure to 
cold, whereas secondary hypothermia results from inadequate 
physiologic heat production. In contrast to severe environ-
mental hypothermia, which is associated with a mortality rate 
of <25%, even moderate hypothermia associated with severe 
traumatic injury is associated with a nearly 100% mortality 
risk (2, 3). 

Warm blood volume loss, environmental exposure, and 
significantly reduced metabolic heat production in the hemo-

dynamic shock state of the multi-injured patient all contribute 
to hypothermia, which in turn leads to exacerbation of 
coagulopathy and further blood and heat loss. Several reports 
of consecutive patients have revealed an incidence of initial 
hypothermia by the above ATLS definitions of approximately 
40% and a strong correlation between degree of hypothermia 
and injury severity (3–5). 

Temperatures in the emergency department (ED) and op-
erating room (OR) are typically 21 to 22°C (70–72°F), which 
puts patients at significant risk of further heat loss. The OR 
can be warmed to 29°C (85°F); while that temperature can 
help reduce the rate of heat loss, it is still far below normal 
body temperature and thus cannot actively warm the patient. 
Evidence shows that nearly 50% of trauma patients leave the 
OR hypothermic (5). 

Several previous studies have demonstrated the multifacto-
rial benefits of rapid rewarming of critically injured patients, 
the most effective of which is extracorporeal blood rewarming 
(6–9). The recent limited availability of disposable extracor-
poreal rewarming circuits caused us to seek an alternative re-
warming device. Alsius Corporation’s (Irvine, CA) intravascular 
balloon-catheter system has been approved in the United States 
for therapeutic human core cooling and rewarming during or 
following cardiac or neurologic surgery and following cerebral 
infarction or intracerebral hemorrhage and was thus employed 
for core rewarming after traumatic injury (10). This article 
describes our initial experience with intravascular rewarming 
using this closed-circuit, thermostat-controlled, warm-water 
circulating balloon catheter.

METHODS
The records of 12 patients treated with this system by our 

acute care surgery group at Baylor University Medical Center in 
Dallas, Texas, from May to October 2007 were retrospectively 
reviewed. Institutional review board approval was obtained 
for the study. In addition to temperature and warming data, 
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information was collected 
regarding demographics, 
injury patterns and severity, 
laboratory results, transfu-
sion requirements, hospital 
course, and outcomes. Eleven 
critically injured patients, all 
requiring central venous ac-
cess for resuscitation, were 
selected for intravascular re-

warming based on the attending trauma surgeon’s clinical judg-
ment. One additional patient with severe primary hypothermia 
was treated by the same technique and is described but not 
included in data analysis. 

Automated target core temperature was set at 37°C (98.6°F), 
and maximum flow rate was used for all 12 patients. The man-
agement of the patients and their injuries was not otherwise 
altered from the treating physicians’ usual practice. Standard 
warming measures, including warm blankets, convective heated-
air blankets, and intravenous fluid and blood product in-line 
warming machines, were initiated immediately and continued 
throughout the patients’ hospital course per usual routine. Inter-
nal cavitary lavage was not performed except for the customary 
use of warm saline irrigation during surgery. Core temperature 
was monitored using a bladder catheter with a built-in tem-
perature probe. 

The outcome under investigation was efficacy of 
the technique in this patient population as evidenced 
by warming rate. Additional findings regarding com-
plications and relationships (by Pearson correlation) 
between time to initiation of rewarming, starting 
rewarming temperature, rewarming rate, injury se-
verity score (ISS), transfusion requirements, degree 
of acidosis, degree of coagulopathy, and survival are 
also discussed. 

Equipment
The CoolGard 3000 system (Alsius Corporation, 

Irvine, CA) (Figure 1) was designed for induction and 
maintenance of hypothermia after myocardial infarc-
tion with cardiac arrest or central nervous system 

insult. The same system is used for rewarming after the pe-
riod of therapeutic hypothermia and was therefore employed 
for intravascular rewarming of hypothermic trauma patients. 
The machine acts as a thermostat for core body temperature 
control, with a user-selected target temperature (31–38°C) 
and warming or cooling rate (0.1°C/h to maximum). Sterile 
saline from a standard 500-mL hanging bag is actively pumped 
through the machine and the intravascular catheter balloons in 
a closed loop at 200 to 240 mL/min, depending on the catheter 
type. Within the machine, the saline passes first through an 
air trap and then a metal heat exchanger coil submerged in a 
temperature-controlled coolant well containing a mixture of 
propylene glycol and distilled water. The saline then circulates 
through balloons on the intravascular surface of one of the 
specially designed central venous catheters at a temperature 
of 0 to 42°C to deliver or remove heat from the bloodstream 
(Figure 2). Core temperature is monitored by the machine via 
a standard YSI-400 compatible bladder, rectal, or esophageal 
thermometer probe (10).

Currently, three catheter types are available for use: Cool 
Line, Icy, and Fortius (Alsius Corporation). Their character-
istics are given in Table 1, including the number and size of 
medication infusion lumens on each catheter. A 3-lumen Icy 
catheter placed in the femoral vein was used in the patients in 
this report.

Figure 1. The CoolGard thermal regu-
lation system, which remotely senses 
changes in a patient’s core tempera-
ture and automatically adjusts the 
temperature to the target by use of 
a catheter with circulating saline. 
Reprinted courtesy of Alsius.

Figure 2. (a) An Alsius catheter. (b) The catheter is inserted into the common femoral vein and resides in the inferior vena 
cava. Saline flow within the balloons creates a proprietary vortex flow pattern, which maximizes heat exchange with blood 
as it passes by. Reprinted courtesy of Alsius.

Table 1. Catheters used with the CoolGard 3000 system

Catheter Balloons Lumens
Diameter 

(Fr)
Length  
(cm)

Accessory 
infusion 

lines (gauge) Placement

Cool  
Line

2
2 8.5 20 16, 18 Subclavian, IJ

3 9.3 22 16, 18, 18 Subclavian, IJ

Icy 3

1 8.5 38 16 Femoral

3 9.3 38
17, 19, 21  
(approx.)

Femoral

Fortius
1  

(serpentine)
1 9.3 50 18 Femoral

IJ indicates internal jugular vein.

Cool or warm saline flows 
through catheter and balloons

Heat exchange with the blood

Blood 

Blood 

a b
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RESULTS
During the period of this review, 11 hypothermic trauma 

patients were treated with the intravascular rewarming device. 
The mean patient age was 39 years, the mean ISS was 40, and 
the mean revised trauma score was 6.5, indicating a group of 
significantly injured patients (Table 2). Seven patients (64%) 
were in shock (systolic blood pressure <90 mm Hg) upon ar-
rival to the ED. Three of the four patients with systolic blood 
pressure >90 mm Hg were combative and subsequently became 
hypotensive. Although the patients’ mean ED arrival tempera-
ture was 35°C, they continued to lose heat at an average rate of 
0.6°C/h and had a mean temperature at the start of intravascular 
rewarming of 33.6°C, despite aggressive implementation of 
standard hypothermia precautions and warming measures. 

Earlier in the period of review, intravascular warming was 
not initiated until the patient arrived in the intensive care unit 
(ICU). However, with experience, the efficacy and feasibility 
of instituting rewarming earlier with this mobile technique was 
realized, and emphasis was given to starting rewarming as early 
as possible, either in the ED or upon arrival to the OR. Seven 
patients in this report went from the ED directly to either the 
OR or to the interventional radiology angiography suite to 
control internal bleeding, with an additional risk of heat loss 
in these relatively cold environments; three of these patients 
died. Four patients went directly from the ED to the ICU, 
three of whom died of unsurvivable traumatic brain injury. 
Of the five survivors, four had rewarming initiated early in the 
course of treatment, either in the ED or OR. Only one fatality, 
due to nonsurvivable brain injury, occurred in a patient whose 
rewarming began prior to ICU arrival. Of note, the two patients 
with the lowest ED arrival temperatures, both with extensive 
penetrating injuries, had intravascular rewarming begun im-
mediately and survived.

As shown in Table 3, the mean warming rate of all 11 pa-
tients was 1.5°C/h (SD, 1.0; range, 0.67–4.00), which corre-
lated strongly with the degree of hypothermia (r = 0.67). That 
is, the more hypothermic an individual patient was at the start 
of intravascular rewarming, the faster the warming rate. The 
degree of hypothermia also showed significant correlation to 
acidosis (for pH r = –0.77), base deficit (r = 0.48), and coagu-
lation factor deficit (for temperature-corrected prothrombin 
time, r = 0.53), which are also known to negatively influence 
survival in trauma patients. Starting temperatures and warming 
rates did not correlate well with ISS, total transfusion amounts, 
or survival (all r < 0.30) in our small sample.

Table 3 also demonstrates the progressive heat loss over time 
as a result of therapeutic interventions. Overall, patients lost 
an average of 1.6°C prior to initiation of rewarming, but the 
subset whose rewarming was delayed until arrival to the ICU 
lost an average of 2.4°C. Within this subset, a mean delay of 
282 minutes was incurred by surgery or angiography, which rep-
resents over 4.5 hours of ongoing net heat loss despite maximal 
external warming efforts, and lost rewarming time during the 
acute injury period. For the entire 11-patient group, the delay 
interval between ED arrival and start of rewarming correlated 
strongly with mortality (r = 0.66).

Sample temperature data plots of one of the patients, a 57-
year-old man with stab wounds to the neck and abdomen, are 
shown in Figures 3a and 3b. On arrival to the ED, he had a core 
temperature of 33.3°C, systolic blood pressure of 65 mm Hg, 
pH of 6.99, and base deficit of 14. The patient’s temperature 
rose from 33.6°C to 37.0°C over 4.5 hours (0.76°C/h) while 
in the OR undergoing emergent trauma laparotomy and neck 
exploration for hemorrhage control, necessitating 20 units of 
blood product transfusion.

Table 2. Characteristics of 11 trauma patients treated with the 
CoolGard rewarming system at Baylor University Medical Center

Variable
Mean ± SD (range)  

or quantity

Age (years) 39.3 ± 21.6 (16–84)

Male:female 7:4
Blunt:penetrating 7:4
Taken to the operating room 5
Taken to the angiography suite 2
Taken to the intensive care unit 4
Mean injury severity score 39.6 ± 15.7 (12–75)
Mean revised trauma score 6.5 ± 4.5 (0–12)
Mean arrival systolic blood pressure 
(mm Hg)

91.1 ± 60.2 (0–210)

Mean arrival temperature (˚C) 35.2 ± 1.1 (33.3–36.8)
Mean rewarming start temperature (˚C) 33.6 ± 1.0 (31.8–35.3)
Mean arrival pH 7.05 ± 0.21 (6.69–7.33)
Mean arrival base deficit 9.0 ± 6.3 (1–18)
Mean arrival prothrombin time 23.0 ± 12.2 (11.5–50.8)
Mean units all blood products 24.5 ± 21.0 (0–73)

Table 3. Rewarming of 11 trauma patients treated with the  
CoolGard rewarming system at Baylor University Medical Center

Patient

ED 
temp  
(˚C) Procedure

Start of 
rewarming

Delay 
interval 
(min)

Start 
temp 
(˚C)

Warming 
rate (˚C/h)

1 36.1 IR ICU 577 33.3 1.24

2 36.1 OR ICU 210 34.4 1.37

3 35.1 OR ICU 180 33.5 1.09

4 35.3 OR OR 49 32.2 1.93

5 34.8 None ICU 114 33.1 0.76

6 33.3 OR OR 79 33.6 0.77

7 33.7 None ED 85 34.7 0.67

8 36.8 None ICU 88 31.8 4.00

9 34.9 IR ICU 160 33.1 2.74

10 34.3 None ED 130 34.3 1.08

11 36.5 OR OR 119 35.3 1.11

Mean 35.2 163 33.6 1.53

ED indicates emergency department; IR, interventional radiology angiography suite;  
OR, operating room; ICU, intensive care unit.
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As the machine was left to automatically maintain the 
set temperature, the thermostat sensed that this patient had 
achieved the 37.0°C setpoint and decreased the fluid tem-
perature in the balloon to prevent overwarming. Ten minutes 
later, when the patient’s core temperature increased to 37.1°C, 
the system further reduced the balloon temperature to begin 
cooling the patient. The target temperature was automatically 
maintained for the following 2 hours by balloon temperature 
adjustments (Figure 3b).

Figure 4 shows the rewarming curve of a 45-year-old patient 
treated for primary hypothermia. He was found down outdoors. 
On arrival to the ED, his core temperature was 25.2°C (77°F), 
and it rose to only 27.3°C over the next 2.5 hours (0.8°C/h) 
by use of a warm-air convection blanket and warm intravenous 
fluid administration. His core temperature reached 33.0°C af-
ter 3 hours of intravascular rewarming at an average warming 
rate of 1.9°C/h. The curve demonstrates how the warming rate 
slows as core temperature approaches 37°C, due to progressive 
heat distribution through peripheral tissues as vasoconstriction 
decreases.

Although none of the five survivors required treatment for 
bacteremia, two patients were treated successfully for ventila-
tor-associated pneumonia. One of these also experienced a non-
fatal pulmonary embolus, and subsequent diagnostic workup 
revealed a deep vein thrombosis at the femoral catheter site. 
This event occurred 1 week after the rewarming catheter was 

removed and replaced over a guidewire with a standard triple-
lumen central venous catheter. The patient was treated with 
anticoagulation without additional complications.

DISCUSSION
The combination of hypothermia, coagulopathy, and acido-

sis in trauma patients is often referred to as the “triad of death.” 
The concept of “damage-control surgery” to reduce the opera-
tive time necessary to control bleeding and contamination was 
devised to minimize the development of the aforementioned 
lethal “triad” (20).

Hypothermia in critically injured patients may result from 
shock, environmental exposure, or both. Vasoconstriction due 
to surface exposure, volume loss, and catecholamine release re-
duces peripheral blood flow, which decreases oxygen consump-
tion and radiant surface heat loss. The purpose of this process 
is to preserve central organ perfusion and heat and to centrally 
contain oxygen and energy sources for metabolism. When heat 
loss continues to the extent that core temperature falls, central 
organ metabolism and function decrease due to slowing of en-
zymatic reactions, reducing oxygen demand. As a result, cardiac 
output is diminished, reducing energy and metabolite circula-
tion. Although reduction of metabolism slows the accumulation 
of oxygen debt, it will nonetheless continue to grow over time 
and “add insult to injury” in trauma patients. 

In a retrospective analysis of matched groups of trauma pa-
tients, both injury severity by ISS and blood product transfusion 
volume were shown to correlate with degree of hypothermia. 
Severe hypothermia, in turn, independently increased mor-
tality risk, as lower temperature nadir and longer duration of 
hypothermia were found to significantly increase risk of death 
(3, 4). The complex interactive effects of simultaneous injury, 
cold, and physiologic disturbance make it difficult to assign 
cause-and-effect relationships among them. However, if not 
corrected, each has a negative influence on survival. Further-
more, subsequent prospective, randomized investigations have 
demonstrated that rapid rewarming in this patient population 
does in fact reduce resuscitative volume requirements and per-
haps mortality (7, 8).

Coagulopathy caused by clotting factor and platelet loss due 
to hemorrhage is potentially correctable with control of ongoing 
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Figure 3. Trauma patient #6. (a) His temperature rose from 33.6°C to 37.0°C 
over 4.5 hours. (b) When the patient reached the target temperature, the machine 
decreased the fluid temperature in the balloon. 
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hemorrhage and replacement with blood product infusions. 
The dysfunction of platelets and the coagulation cascade in the 
hypothermic patient, however, will persist until normothermia 
is restored. Laboratory coagulation study samples are warmed to 
37°C before testing; therefore, they reflect only the quantitative 
adequacy of the clotting factors present rather than the degree 
of qualitative coagulopathy due to reduced enzymatic activity 
at lower temperatures. Platelet counts likewise do not give any 
indication of the adequacy of platelet function. This further 
emphasizes the importance of rewarming in the acute phase of 
the treatment of trauma patients (9, 11).

Aggressive rewarming to achieve normothermia in severely 
injured patients is a critical component of improving coagu-
lopathy and restoring normal physiologic function. Although 
it cannot take priority over surgical hemostasis and circulat-
ing volume restoration, these can and should all be addressed 
simultaneously.

Warming methods
Surface warming produces localized superficial vasodilation 

and redistribution of blood away from the central circulation, 
which results in accelerated core heat loss until surface tem-
perature rises above core temperature. Adverse hemodynamic 
effects may also occur if the centralized circulating volume pool, 
generated by prolonged vasoconstriction, is lost too rapidly. 
Indeed, overaggressive superficial rewarming by warm water 
submersion can produce abrupt peripheral vasodilation with 
rapid circulating volume redistribution to peripheral tissues 
and cardiovascular collapse and is thus not recommended. 
Furthermore, a reperfusion syndrome may also develop after 
a prolonged period of relative peripheral tissue ischemia from 
recirculation of the products of hypoxic metabolism. External 
application of warm blankets, a warm environment (convective 
air blanket), and warm-air ventilation are important to reduce 
ongoing heat loss and should be a consistent practice. However, 
they are inefficient (<0.5°C/h) and inadequate to increase body 
temperature in the setting of decreased metabolic heat produc-
tion, which is common in trauma patients and universal in 
shock. Warm-water circulating blankets may augment external 
rewarming efforts, but with only a negligible amount of ad-
ditional heat transfer (6, 12).

Internal rewarming strategies are somewhat more effective. 
Resuscitation with warmed intravenous fluids and blood prod-
ucts, which are stored at 4°C, using an actively heating infusion 
system is essential to minimize iatrogenic, and thus preventable, 
decreases in core body temperature. At most the machines may 
warm fluids up to 40°C, which at resuscitation rates can add 
1 to 1.5°C/h in patients who do not have ongoing heat loss. 
Pleural, pericardial, or peritoneal cavitary lavage can add 2 to 
2.5°C/h but may be too invasive to justify their risk given the 
safer and more efficacious alternatives (6, 12).

Continuous veno-venous rewarming with a 40°C hemodia-
filtration (CVVH) machine may produce core rewarming rates 
of up to 2°C/h in cases of primary (nontrauma) hypothermia 
but often requires a specially trained nurse or technician for 
monitoring (12–14). Continuous arteriovenous rewarming 

(CAVR) with a 40°C extracorporeal passive countercurrent 
warmer has been demonstrated specifically in critically injured 
patients to produce an average core rewarming rate of 2°C/h 
in the ICU setting. Gentilello and colleagues’ prospective work 
on the subject has produced strong evidence that rapid extra-
corporeal rewarming reduces resuscitative volume requirements 
and perhaps mortality compared with conventional external 
rewarming measures. However, extracorporeal rewarming with 
the CAVR technique is still somewhat invasive, requiring both 
venous and arterial large-bore (8Fr) catheterization and suf-
ficient systolic blood pressure (at least 80 mm Hg) to shunt 
blood through the warming apparatus (7, 8). Rewarming us-
ing a cardiac bypass pump has long been considered the “gold 
standard” technique; however, its invasiveness is similar to that 
of CAVR, it requires a trained nurse or technician to operate, 
and it requires heparin anticoagulation, which is not feasible in 
most trauma patients. Furthermore, all of the above forms of 
extracorporeal circulation carry the potential risk, albeit small, 
of catastrophic hemorrhage or air embolus if an opening in 
the circuit occurs. These three extracorporeal methods are the 
most rapid means of direct core rewarming described to date 
and are currently considered the standard techniques for ap-
propriately selected and monitored patients, given the small 
amount of risk.

Intravascular rewarming
The intravascular location of the warming component has 

several potential advantages: it does not require arterial access 
or blood filters, does not depend on blood pressure as a driv-
ing force, and does not put the patient at risk of hypotensive 
events caused by extracorporeal circulation rate fluctuations or 
volume loss. There is also minimal risk of hemorrhage or air 
embolus since there is no direct contact with the intravascular 
circulation.

Since most severely injured patients undergo placement of 
central venous access catheters early in the course of their man-
agement, a rewarming balloon catheter may be alternatively 
placed in patients who are, or are likely to become, hypothermic. 
This may include severely injured patients who either arrive to 
the ED hypothermic, have lost enough blood to acutely require 
a large volume of resuscitation, or will require operative or an-
giographic intervention and will thus experience further heat 
loss from open body cavities and cold environments.

The intravascular system does not require a specially trained 
technician. The tubing circuit is easily and quickly assembled 
with minimal training, and once the target temperature is set, 
the system requires only minimal supervision. There are no 
filters to change or clog, and there is no temperature overshoot 
or fluctuation: once the target core temperature is reached, it is 
maintained within 0.2°C by heating or cooling as necessary. If, 
for example, intravenous fluids or blood products are adminis-
tered, the computer will sense any decrease in core temperature 
and adjust to maintain the target temperature. The machine is 
small and lightweight and thus is easily moved with the patient 
from the ED to the angiography suite, OR, or ICU. Continu-
ous rewarming therefore can occur early, when the patient is at 
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greatest risk of both heat loss and the adverse consequences of 
coagulopathy. In contrast, in previous studies on the efficacy of 
extracorporeal rewarming, the technique was usually initiated 
later in the patients’ course in the relative safety and warmth 
of the ICU.

The safety of any new device or technique in patient care 
must always be addressed. Insertion of central venous catheters 
carries several inherent risks, including placement errors, bleed-
ing, infection, catheter-related venous thrombosis, pneumo-
thorax, and injury to nearby structures. No definitive evidence 
has been presented to indicate any difference in complication 
rates between these balloon catheters and other central vein 
catheters. There is a unique need to investigate any potential 
thrombogenic effects of the warming balloons on the surface 
of the intravascular portion of the catheter. The incidence has 
been shown to not be different when the system is used for 
therapeutic cooling and subsequent rewarming of patients sus-
taining acute intracranial or cardiac events (15, 16). Therefore, it 
does not appear that the flow-impedance effect of the catheters’ 
slightly larger cross-sectional area due to the balloons contrib-
utes to the local intravascular formation of clots. However, it 
remains to be clinically proven that warm (42°C) balloons do 
not increase the risk of surface clot formation.

According to the system’s operation manual, any breaks in 
the closed tubing circuit are promptly sensed by the machine, 
flow is stopped, and alarms indicate the problem. If air enters the 
system it does not come into contact with the bloodstream and 
is removed continuously by the air trap. If a balloon breaks, a 
small amount of sterile normal saline may enter the patient’s cir-
culation before detection (10). Finally, as with any other invasive 
catheter, in order to reduce the risk of complications, the cath-
eter should be removed promptly when no longer needed.

Once hemorrhage and contamination are controlled and 
the patient is rewarmed and resuscitated with correction of 
coagulopathy and acidosis, consideration can be given to in-
stituting therapeutic cooling, if indicated, or fever control to 
minimize ongoing damage associated with central nervous 
system or myocardial insults using the same system already in 
place (17, 18). 

The incidence of hypothermia (temperature ≤35°C) on ar-
rival to the ED among all critically injured patients (ISS ≥ 25) 
admitted to our institution in Dallas, Texas, a relatively warm 
climate, over the past 8 years was 6.6%. Reports from other 
trauma centers indicate that, depending on climate, up to 40% 
of critically injured trauma patients may arrive at the hospital 
hypothermic, and the degree of hypothermia correlates well 
with the magnitude of injury (3–5). A large percentage of se-
verely injured patients acutely undergo some type of invasive 
procedure, putting them at risk for additional heat loss due to 
environmental exposure. Specifically, 50% of patients leave the 
OR hypothermic (5). In our study group, the average duration 
of this exposure risk was 4.5 hours. Our initial experience using 
intravascular rewarming in critically injured patients has shown 
that even under conditions of significant ongoing heat loss, 
warming of up to 2°C/h may be achieved. In more controlled 
environments, such as the ICU, warming rates of 4°C/h or 

more may be possible. This technique may also be applicable to 
other situations such as primary hypothermia due to exposure or 
intraoperative warming of nontrauma patients with significant 
blood loss, transfusion requirements, and coexistent hypother-
mia (21). Another potential application exists with brain-dead 
organ donors who may lose thermostatic regulatory control due 
to hypothalamic failure (19).

CONCLUSIONS
Intravascular heat exchange with a balloon catheter provides 

rapid active core rewarming, even in patients with unavoidable 
ongoing heat loss. It is easily set up and initiated and carries 
no apparent additional risk over that of other central venous 
catheters. Once the desired core body temperature is set, the 
system continuously and automatically works to achieve and 
maintain it. Rewarming can be initiated in the ED and contin-
ued in the OR, interventional radiology suite, and ICU with 
minimal effort. Therefore, rewarming can occur simultaneously 
with resuscitation and hemorrhage control efforts.

Our experience with intravascular core rewarming and tem-
perature maintenance in critically injured patients has been 
encouraging and warrants further investigation in a prospective 
fashion to study its effects on survival, coagulopathy, acidosis, 
and transfusion requirements. Its safety profile, with special 
attention to local catheter-related deep vein thrombosis, and 
its cost-effectiveness must also be evaluated.
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