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Abstract 
Targeted temperature management has been a subject of ongoing experimental and clinical 
investigations in various applications of patient care. Therapeutic hypothermia remains an 
important neuroprotectant, as it decreases cerebral metabolism and energy consumption 
processes. Therefore, the goal of TTM is to improve neurological outcomes in all patients with 
acute brain injury.   

This whitepaper provides a comparison of surface cooling and intravascular temperature 
management (IVTM) methods.  Factors that affect the rate of cooling include shivering, patient 
body mass, and cooling performance.  A summary of clinical trials comparing surface cooling 
and IVTM methods shows differences in outcomes with regard to total patient survival as well 
as neurological outcome at hospital discharge, depending on the cooling method used.   In 
addition, economic differences between surface and intravascular cooling exist in targeted 
temperature management. 
 
Key Takeaways 

1. All published clinical trials, which totaled over 1100 patients, showed that patients 
cooled via IVTM had better neurological outcomes at hospital discharge compared to 
patients cooled via surface cooling (39.4% vs 28.7%, P<0.001). 

2. All published clinical trials, which totaled over 1400 patients, showed that IVTM had 
better survival to hospital discharge compared to surface cooling (50% vs. 44.9%, 
P=0.028). 

3. IVTM shows better cooling performance, less sedation and paralytic used and 
significantly less nursing burden compared to surface cooling. 

4. IVTM provides a better value proposition compared to surface cooling, based on both 
patient outcomes and economic impact to the healthcare facility. 

Abbreviations 
AIS: Acute Ischemic Stroke 
CA: Cardiac Arrest 
CVC: Central Venous Catheter 
CVP: Central Venous Pressure 
ICH: Intracranial Hemorrhage 
ICU: Intensive Care Unit 
IVTM: Intravascular Temperature Management 
SAH: Subarachnoid Hemorrhage 
TBI: Traumatic Brain Injury 
TH: Therapeutic Hypothermia 
TTM: Targeted Temperature Management 
 
Background 
Temperature is one of the four main vital signs. Targeted temperature management (TTM), 
which includes fever control, therapeutic hypothermia (TH) and warming, has been shown to 
improve outcomes, reduce complications and deliver a beneficial economic impact on society 
and hospitals. 

TTM has been a subject of ongoing experimental and clinical investigations in different fields of 
application and patient care. Many studies published over the past two decades have shown 
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that fever in patients with acute neurologic injury, regardless of its cause, is independently 
linked to higher mortality, poor neurologic outcomes, and increased length of stay in the 
intensive care unit (ICU) and hospital. This has been demonstrated for traumatic brain injury 
(TBI), acute ischemic stroke (AIS), subarachnoid hemorrhage (SAH), intracranial hemorrhage 
(ICH), and cardiac arrest (CA)1,2. Therapeutic hypothermia, introduced more than five decades 
ago, remains an important neuroprotectant. Hypothermia decreases cerebral metabolism and 
energy consumption and reduces the excitotoxic cascade in steps such as apoptosis, necrosis, 
and inflammation. Therefore, the goal of TTM is to improve neurological outcomes in all 
patients with acute brain injury.   

Overview of Surface vs. Intravascular Temperature Management Methods 
TTM can be induced and maintained with external surface cooling or intravascular systems.  
Review of technical and clinical data showed differences in performance and effectiveness of 
the two cooling methods.   
 
Surface Cooling 
TTM via surface cooling utilizes the skin as a mechanism to cool or warm a patient, where 90% 
of all heat exchange occurs through skin and heat transfer is directly proportional between the 
cooling pad/blanket to the skin surface area3.  Surface cooling systems vary, from ice packs to 
alcohol rubs to thermally conductive skin blankets and pads.  Thermally conductive skin 
blankets or pads connect to a console with a water reservoir which circulates cold or hot fluid 
(between 4°C to 42°C) throughout the blankets or pads. Some surface systems have built-in 
feedback loops where the system is regulated based upon the measured input temperature 
from patients.  

 
Intravascular Cooling 
Core cooling was first described in early 1950s during cardiothoracic surgery. By the late 1960s, 
deep hypothermia (less than 20°C) using bypass machines was widely applied during surgery4,5. 
In recent years, the renewed interest in therapeutic hypothermia has generated the demand in 
the development of more sophisticated cooling methods to address unmet clinical needs. 

Intravascular Temperature Management (IVTM) technology utilizes an innovative proprietary 
catheter design and computer controlled console.  Catheters are placed in the patient’s venous 
system and use a “closed-loop” saline flow for internal thermoregulation.  Thermoregulation of 
the core body temperature takes place based on feedback from a patient temperature probe. 
In addition, these catheters support standard critical care management similar to standard 
triple lumen central venous catheters (CVC) including medication delivery, central venous 
pressure measurements, and blood draws. 

Comparison of Surface Cooling and IVTM Methods 

Advantages for both surface and IVTM cooling methods are summarized in Table 1.  ZOLL 
provides both surface and IVTM solutions for temperature management.  The purpose of this 
comparison is to assist with choosing the most appropriate method to use for each individual 
patient. 
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Table 1.  Comparison of Surface Cooling and IVTM Methods: Advantages 
Surface Cooling IVTM 

• Cooling pads can be applied by nurses 
without physician presence 

• Non-invasive method of cooling 
• Can be used outside of the ICU setting 
• Faster time to initiate cooling 

 

• Precise control of target temperature 
and less temperature fluctuation 

• Faster time to target temperature 
• Less shivering, which results in less 

sedation needed to control shivering 
and can be used in awake, non-
intubated patients6 

• Significantly less nursing workload due 
to easy access to patient skin and 
reduction in skin check frequency7,8 

 

The publication of two studies in NEJM 2002 on hypothermia after cardiac arrest, the HACA and 
Bernard trials, supported the recommendation of TH as an AHA and ERC level 1 guideline in 
20109.  These guidelines were updated in 2015 to extend the range of target temperatures 
between 32°C and 36°C.  TH can be induced and maintained with surface (external) cooling or 
core (internal) cooling methods.  The selection of device is not only important in clinical 
practice, but it can also be instrumental in clinical trials.  Significantly better outcomes were 
shown in a small randomized controlled trial (RCT) published in 2012 using a precise feedback-
control system through intravascular cooling.  The study compared 32.0°C to 34.0°C10.  
Alternatively, no difference was shown in a larger RCT that heavily used surface cooling.  This 
trial, published in 2013, found no difference between strict temperature control at 36.0°C 
compared to 33.0°C11.  The conclusions of this study have been criticized for problems such as 
prolonged time (10 hours) to target temperature, temperature fluctuations during the 
maintenance phase (only 7 hours target temperature separation between 33°C group and 36°C 
group during the 24 hours maintenance phase), excessively rapid re-warming, and other 
issues12-15. 

Despite disagreement on the optimal target temperature, general consensus on the importance 
of TTM focuses on the speed at reaching target temperature, precision of maintaining target 
temperature, a controlled rate of rewarming, and fever control.  These are the key factors for 
TH resulting in better neurological outcomes. In this regard, the efficiency of temperature 
control device is becoming increasingly important.  Although the AHA and ERC 
recommendation of TH is a class 1 guideline, it is used infrequently16-19.  Potential reasons cited 
from physicians include technical and logistical difficulties as well as a lack of financial or 
personnel resources in TTM. 

Factors Affecting Cooling Rate 
Shivering 
In order to understand the difference in surface cooling versus intravascular cooling to reduce 
body temperature, it is necessary to know how the human body works to maintain a constant 
core temperature of approximately 37°C.  This extraordinary temperature stability requires the 
integration of temperature sensing, central processing and efferent responses to precisely 
balance heat loss and heat production.  Both cold and warm receptors are widely distributed 
throughout the skin, while the central processing occurs in the hypothalamus.  When the skin 
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sensors inform the hypothalamus of cold below a certain threshold or set point (normally 
around 36.5°C), a strong sympathetic nervous system response occurs, causing vasoconstriction 
of skin vessels to conserve heat and increased muscle tension and shivering to generate heat3.  
The shivering threshold is 1°C below the vasoconstriction threshold so around 35.5°C. The 
shivering response peaks at core temperature near 35°C, decreases significantly at 
temperatures below 33°C, and ceases completely around 31°C in most patients20,21. Shivering 
can cause problems in the patient’s TTM, such as increasing metabolic heat production up to 
600% above basal level22, even in febrile patients.  At this point, it becomes difficult to achieve 
core temperature below 34°C without general anesthesia and neuromuscular blocking agents.  
Shivering is not only remarkably uncomfortable, but it also increases intracranial pressure23.  
Shivering can double or even triple oxygen consumption, causing hypoxemia, myocardial 
ischemia, and myocardial infarction in high-risk patients because of increased myocardial 
demands24.  This has a particularly negative impact on a post cardiac-arrest patient whose heart 
has just been resuscitated.  Therefore, American Heart Association (AHA) strongly recommends 
the avoidance of shivering during hypothermia induction, normothermia or rewarming 
periods9. 

Surface cooling has been shown to increase peripheral vasoconstriction and shivering as the 
body attempts to thermoregulate and conserve body heat. In one clinical study using a skin 
surface cooling device (Arctic Sun®, Bard), gel pads were applied directly to the skin of critically 
ill patients and cold water was circulated through the pads, simulating water immersion.  
Shivering occurred in 86% of febrile, mechanically ventilated, and sedated patients, all of whom 
were receiving propofol25.  Another study of Arctic Sun in 69 post-cardiac arrest intubated 
paralyzed patients had a shivering occurrence of 96%26. 
 
Although surface cooling may seem easy to use and can be applied by nurses without a 
physician being present, the potential risks and disadvantages are outweighed by the benefits 
of TH and fever control.  The effectiveness of surface cooling is limited to the maximum amount 
of skin coverage, the lowest temperature that circulates within the blankets or pads, and any 
counterproductive activity from shivering.  When applying surface cooling methods, patients 
need continuous attention due to the risk of freezing-induced skin damage and shivering27.  
 
Patient Body Mass 
Another important parameter affecting ease and speed of cooling is body mass; obese patients 
are more difficult to cool, especially with surface cooling, due to insulating properties of 
adipose tissue and because of the greater mass that needs to be cooled28. Obesity decreases 
the surface area-to-mass ratio and increases the size of the peripheral compartment. In a 
multicenter pilot clinical trial, Hindmann et al found that 12% of patients could not reach a 
target of 34.5°C with surface cooling despite patients being paralyzed and a cold operating 
room temperature. These obese patients (127 – 150 kg) have a reduced ability to dissipate 
internal energy because of the low thermal conductivity of their layers of fat29.  In other words, 
obesity decreases the surface area-to-mass ratio and increases the size of the peripheral 
thermal compartment.  These properties each diminish the ability to cool the core during 
surgery29. 
 
In another large observation cohort study in 1,086 patients who suffered post cardiac arrest, 
about one third of patients (32%) failed to achieve target temperature of 34°C with surface 
cooling30. The group with higher body weights (81 kg vs. 74 kg, p<0.001) took 17 hours 
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(Median) to reach target from arrest compared to 10 hours. High body weights (OR 1.02 per kg, 
95% CI 1.01-1.03; p=0.007) was identified as one of the risk factors for failure of surface cooling 
in the multivariable analysis in this study. 
 
Mechanical Factors 
Differences in mechanical factors, such as the rate of heat transfer, differ between surface and 
intravascular temperature management methods.  These differences can affect the efficiency of 
temperature management and are shown in Table 2. 
 
Table 2.  Factors that Affect the Rate of Heat Transfer: Surface Cooling vs. IVTM 
Factor Surface Cooling31 IVTM 
Temperature differences Between cooling blanket and 

patients skin 
Between cooling catheter and 
patient blood flow 

Material thickness Cooling blanket Catheter balloons 
Material surface area Skin coverage where blanket 

is applied 
Catheter balloons 

Flow rate and patterns of the 
coolant 

Inside cooling blanket Inside catheter balloons 

Thermal conductivity of 
materials 

Separating patient’s skin and 
coolant 

Separating patient blood flow 
and saline 

Insulation from patient’s 
peripheral tissues 

Yes Not an issue, cools patient 
blood directly 

 
 
Cooling Performance 
Due to the pathophysiology described above, surface cooling has limited cooling performance. 
The Rescue trial32 was a prospective and randomized study and compared the Arctic Sun to 
other surface cooling. The Arctic Sun utilizes a higher flow rate than standard cooling blankets 
through the use of conductive adherent gel pads and an automatic temperature feedback 
mechanism.  Despite these features, the cooling rate was 0.7°C/hr with Arctic Sun compared to 
0.5°C/hr with standard surface cooling.  In addition, 25% patients in Arctic Sun group failed to 
reach target temperature of 34°C after 4 hours. Wide fluctuations in temperature were also 
noted, as 31% of patients in the Arctic Sun group had temperatures outside the target range 
(±2°C). 
 
Many studies have shown that intravascular cooling is superior to surface cooling in 
maintaining target temperature and being faster to reach target temperature.  Hoedemaekers 
et al.33 compared several different cooling modalities and demonstrated that IVTM was 
effective  in maintaining target temperature and less time spent out of target range compared 
to other water circulating blankets and gel pads.  Flemming et al. conducted a study comparing 
IVTM with an automated surface cooling device.  All patients (100%) treated with IVTM 
achieved target temperature of 33C with a mean of 3.5 hours, only 9% patients in surface 
cooling group achieved target temperature with a mean of 9.2 hours34. 
 
Table 3 shows a list of studies comparing cooling performance of surface cooling and IVTM in 
post-CA patients. 

  



EDC-3709 Rev. 01  p. 7 of 13 
PN-353-05 

Table 3. Comparison of Performance in Surface Cooling vs. IVTM 

First Author Study Type 
Number 

of 
Patients 

Surface 
Cooling Device 

Time to Target 
Temperature 

Precision 
Measure Precision Result 

Deye8 Multicenter 
RCT 400 Conventional 

Surface: 510 min 
IVTM: 330 min 

P<0.0001 

Time deviation from 
target 

Surface: 330 min 
IVTM: 60 min 

P<0.0001 

Ferreira35 Single center, 
retrospective 49 Conventional 

Surface: 270 min 
IVTM: 96 min 

P<0.001 
 

No over cooling with 
IVTM 

Better controlled 
rewarming 
P<0.0001 

Tømte36 Single-Center 
Observational 92 Arctic Sun 

Surface: 273 Min 
IVTM: 270 min 

P=0.479 
NA NA 

Flemming34 Single center 
observation 80 TheraCool, KCI Surface: 9.2 hrs 

IVTM: 3.48 hrs 
% achieving target 

temperature 
Surface: 4/49 (9%) 

IVTM: 31/31 (100%) 

Gillies37 Retrospective 
cohort study 83 Theracool, 

Criticool System 

Target not reached 
Surface: 10/41 (24%) 

IVTM: 3/42 (7%) 
P=0.04 

Time at target temp 
(hours) 

 
 

Occurrence of 
overcooling (%) 

 

Surface: 17.5+12.3 
IVTM: 22.4+6.1 

P=0.02 
 

Surface: 27% 
CG 10% 
P=0.049 

Pittl38 Single center 
RCT 78 Arctic Sun 

Surface: 242 min 
IVTM: 180 Min 

P=0.13 

Mean Temp  during 
maintenance 

 

Surface: 32.7C (32.4-
32.9) 

IVTM: 33 (32.9-33C) 
P<0.001 

Waard27 Retrospective 
study 173 Med-Therm 

Gaymar 

Surface: 178 Min 
IVTM: 180 min 

P=0.31 

Mean temperature 
 
 

Temperature 
variation 

 

Surface 32.5+0.5C 
IVTM: 33.1+0.3C 

P<0.0001 
 

Surface: 0.85 
IVTM: 0.35 
P<0.0001 

Schwab39 Retrospective 49 ThermoWrap 
 

Surface: 268 min 
IVTM: 154 Min 

P=0.0002 

Temperature 
deviation from 

target 

Surface:0.60+0.61C 
IVTM: 0.19+0.23C 

P=0.00006 

OH40 Retrospective 
Registry 803 

Blanketrol, 
MediTherm 
Arctic Sun 

Surface: 240 min 
IVTM: 211 min 

P=0.1 

Occurrence of 
overcooling 

Surface: 23.5% 
IVTM: 9.2% 

P<0.01 

Forkmann41 Prospective 
observational 63 Medutek cooling 

blanket 

IVTM: 100% 
achievement 159 min 
Surface: lowest temp 
was 35.2C after 436 

min 

NA NA 

 
 
Differences in Outcomes 
Table 4 provides a summary of studies comparing outcomes of surface cooling vs. IVTM in 
cardiac arrest patients. 
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Table 4. Comparison of Outcomes: Surface Cooling vs. IVTM 

 

First Author Study Type No. of 
Patients 

Surface 
Cooling Device 

Survival at 
Discharge Outcome Measure Outcome Results 

Ferreira35 Single center, 
retrospective 49 Conventional Surface: 16 (64%) 

IVTM: 17 (71%) 

Good Neurological 
outcome (CPC 1-2) at 

hospital discharge 

Surface: 10/25 
(40%) 

IVTM: 15/24 (63%) 
P=0.12 

Tømte36 Single-Center 
Observational 92 Arctic Sun Surface: 44/92 (48%) 

IVTM: 35/75 (47%) 

Good neurological 
outcome (CPC1-2) at 

final hospital discharge 

Surface: 34/92 
(37%) 

IVTM: 34/75 (45%) 
P=0.27 

Flemming34 Single center 
observation 80 TheraCool, KCI 

Surface: 38/49 (78%) 
IVTM: 23/31 (74%) 

P=0.2 
NA NA 

Gillies37 Retrospective 
cohort study 83 Theracool, 

Criticool System 
Surface: 17/41 (41%) 
IVTM: 21/42 (50%) 

Good neurological 
outcome (CPC 1-2) at 

hospital discharge 

Surface: 16/41 
(39%) 

IVTM:18/42 (43%) 
P=0.82 

Pittl38 Single center 
RCT 78 Arctic Sun 

Surface: 21/39 
(53.8% 

IVTM: 24/39 (61.5%) 
P=0.65 

Good neurological 
outcome (CPC 1-2) at 

hospital discharge 

Surface: 14/39 
(35.9%) 

IVTM: 14/39 
(35.9%) 
P=0.99 

Waard27 Retrospective 
study 173 Med-Therm 

Gaymar 
Surface: 38/76 (50%) 
IVTM: 59/97 (60%) GCS at discharge 

Surface: 10 (4-13) 
IVTM: 15 (3-15) 

P=0.008 

Schwab39 Retrospective 49 ThermoWrap 
 

Surface: 14/23 (61%) 
IVTM: 18/26 (69%) 

P=0.5 
NA 

 
NA 

OH40 Retrospective 
registry 803 

Blanketrol, 
MediTherm 

AS 

Surface: 218/559 
(39%) 

IVTM: 92/244 
(37.7%) 
P=0.73 

Good neurological 
outcome (CPC 1-2) at 

hospital discharge 

Surface cooling: 
143/559 (25.6%) 

IVTM: 86/244 
(35.4%) 
P=0.01 

Summary (survival and outcomes at hospital discharge) Surface IVTM P-value 

Total survival at hospital discharge (N=1482) 406/904 
44.9% 

289/578 
50.0% P=0.028 

Total good neurological outcome at hospital discharge (N=1180) 217/756 
28.7% 

167/424 
39.4% P<0.001 

First Author Study Type 
No. of 

Patients 
Surface 

Cooling Device 
Survival at 30 Days Outcome Measure Outcome Results 

Deye8 Multicenter RCT 400 
Conventional 

cooling tent and 
ice packs 

Surface:75/197 (38%) 
IVTM: 85/203 (42%) 

Good neurological 
outcome (CPC 1-2) at 

90 days 

Surface: 47/181 
(26%) 

IVTM 66/191 (35%) 
P=0.07 

Forkmann41 
Single center, 
randomized 
observation 

63 Medutek 
cooling blanket 

Surface: 12/23 (52%) 
IVTM: 28/40 (70%) NA NA 

Summary (total survival and outcomes) Surface IVTM P-value 

Total survival (N=1945) 493/1124 
43.8% 

402/821 
49.0% P=0.013 

Total good neurological outcome (N=1552) 264/937 
28.2% 

233/615 
37.9% P<0.001 
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Table 5 is a list of studies comparing surface cooling vs IVTM in normothermia. 

Table 5. Comparison of Performance in Normothermia: Surface Cooling vs. IVTM 

First 
Author Study Type Number of 

Patients 

Surface 
Cooling 
Device 

Population Fever Burden Other Outcomes 

Hinz42 Single center 
RCT 26 Conventional SAH (21) 

TBI (5) 

Surface: 1.05-2.34 
(1.41) 

IVTM: -0.49-1.22 (-0.06) 
P<0.001 

Antipyretic drugs 
Surface: 12 g/d 

IVTM: 0 
P<0.001 

Puccio43 Case control 
study 42 Conventional TBI 

Surface: 10.6% 
IVTM: 1.6% 

p=0.03 

ICP> 25 mmHg 
Surface: 9.4+11.4% 

IVTM: 2.3+2.8% 
p=0.03 

Broessner44 RCT 102 Blanketrol 
SAH with HH 

grade 3-5 
CH, ICH 

Surface: 4.3C 
IVTM: 0 

P<0.0001 
NA 

Diringer45 RCT 296 Conventional SAH, TBI 
ICH, CH 

Surface: 7.92 C/hrs 
IVTM: 2.87 C/hrs 

P<0.0001 

Any antipyretic use 
Surface: 89% 
IVTM: 61% 
P<0.0001 

In a longitudinal study by Keller46 in 20 severe SAH patients with Hunt & Hess grade 3-5, 
hypothermia was induced either with surface cooling (Blanketrol, and ice bags on groin, axilla) 
or IVTM (Cool Line or Icy catheters in combination with Coolgard). Table 6 below shows the 
results. 
 
Table 6. Survival of Patients in a Single Center Comparison of Surface to IVTM Treatment 

First 
Author Study Type Number of 

Patients 
Time of reach 

target 
On target 

range Survival Median GOS* 

Keller46 
Single center 
Longitudinal 

study 
20 

Surface: 375 
min 

IVTM: 186 min 
P=0.023 

Surface: 84% 
IVTM: 95% 

P<0.001 

Surface: 7/10 (70%) 
IVTM: 10/10 (100%) 

P=NS 

Surface: 2.5 
IVTM: 4.5 

P=NS 

*GOS: Glasgow outcome score: 1 = death, 5 = normal 

Fever was recently shown to be linked to cerebral metabolic distress, which is known as an 
independent predictor of worse outcome post traumatic brain injury.  A study conducted by 
Vespa et al47 showed that patients in IVTM group had statistically significant better 
temperature control (p<0.001) and shorter time in metabolic crisis (p<0.001) compared to the 
surface cooling group. Intracranial pressure (ICP) was well controlled in the IVTM group.  

Economic Impact 
Effects on economics can also be represented by both indirect and direct economic impact 
measures.  Indirect impact measures include the complications that could potentially arise from 
the cooling method chosen, resulting in higher costs for the healthcare facility, or potentially 
having better outcomes with the cooling method and thus higher hospital reimbursement.  
Direct impact measures include the patient’s length of stay in a healthcare facility and the 
amount of nursing workload reduction due to the chosen method of cooling. 

Studies have shown that elevated body temperature (fever) in NICU resulted in 3.2 additional 
ICU stays and 4.3 additional hospital days overall48.  It is important to note that the selection of 
cooling technology may impact the effectiveness of fever control. A retrospective case-control 
study conducted at Columbia Presbyterian49 where a total of 80 patients were admitted with 
intracerebral hemorrhage (ICH) received fever control with a target of 37°C.  The data were 
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analyzed in two groups: 40 patients in a control group whose treatment included 
acetaminophen and water-circulating blankets, and 40 patients in a “TTM” group who, in 
addition to the acetaminophen and water-circulating blankets, received treatment using the 
Arctic Sun surface cooling device.  The outcomes and complication rates are shown in Table 7 
below. The conclusion of this study stated that the increased length of ventilation rate and 
tracheostomy are related to the sedation often needed for shivering control in surface cooling.  
It can be inferred that all of these factors could contribute to high hospital costs. 
 
Table 7. Complication Rates and Outcomes: Surface Cooling Compared to Standard Fever 
Control49 

Complication TTM (n=40) Control (n=40) P-value 
Number of patients intubated 40 (100) 35 (88) 0.03 
Tracheostomy* 22 (55) 9 (26) 0.010 
Days of mechanical ventilation 14 [8-21] 6 [2-16] 0.003 
Sedation days 8 [5-11] 1 [0-3] <0.001 
NICU length of stay (days) 15 [11-18] 10 [6-17] 0.003 
Glasgow Coma Score (GCS) at discharge 9 [3-11] 11 [3-15] 0.06 
All data are N (%), median [IQR]  
*% of intubated patients receiving tracheostomy 

TTM in post resuscitation care has been shown to improve the number of neurologically intact 
patients. Patients who survive this event neurologically intact are candidates for cardiac 
interventions including PTCA, CABG and implant of a cardiac defibrillator. Those procedures are 
generally economically favorable for hospitals, as a Medicare model has been shown that the 
reimbursement between a non-survivor and neurologically intact survivor average nearly 
$50,000 per case50. An independent study of survivors of SCA treated with aggressive post 
resuscitation care validated this model showing that on average intact survivors generate 
approximately $57,700 in revenue and approximately $21,000 in direct margin51.  IVTM 
provides more rapid cooling and precise temperature maintenance. 12 studies in table 3 
showed a better neurological outcome with IVTM than surface cooling, therefore the positive 
economic impact from IVTM to hospital is larger than surface cooling.  In addition, studies also 
showed shorter length of stay (LOS) in ICU associated with using IVTM than surface cooling27,52. 

Because IVTM technology is more efficient, decreased workload on nursing staff has been 
demonstrated. Schmuthard and coworkers used the Coolgard system in a pilot study of 51 
patients in NICU to maintain normothermia and fever control.  They found that IVTM catheter 
was easy to insert and incorporate into the usual ICU routine53.  In a randomized controlled trial 
by Deye et al.8 where 400 post-CA patients were cooled, the IVTM group showed a 74% nursing 
time reduction on time spent for patient-specific target temperature management using IVTM 
vs. surface cooling technology.  As the survey stated, the challenges of infrequently utilizing TH 
are the technical and logistical difficulties along with a lack of financial or personnel resources 
in TTM.  Thus, reduction in nursing workload can be an impact on resources and cost saving for 
the hospital, and nurses can focus on other critical matters related to patient care8. 

Data show that surface cooling methods are logistically difficult to administer for hospital staff, 
require significant nursing attention and reduce overall access to critically ill patients.  In 
addition, a CVC is required to measure CVP per the AHA guideline54, as post-CA ischemia and 
reperfusion response causes intravascular volume depletion relatively soon after the heart is 
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restarted, and volume expansion is usually required.  The potential for persistent precipitating 
pathology could cause elevated CVP independent of volume status, such as the case with right-
sided acute myocardial infarction.  CVP only can be measured via a central venous line; 
therefore there are additional needs for post-CA patients to receive a standard CVC even with 
surface cooling. Studies have shown no difference in complications rate (i.e. DVT, infection, 
etc.) compared to cooling catheters than standard central line8,46. 

With regards to future technological development, surface cooling has reached its technical 
limitation while IVTM has the potential for greater power in the future.  The only practical way 
to increase the power with surface is to increase the surface area covered.  With the torso and 
thighs covered, that leaves the only the head, chest, lower legs and arms accessible, which 
would bring modest gains while adding to the burden and risk around skin checks.  
Alternatively, expanding the surface area with IVTM is possible by using novel serpentine 
designs that add to surface area without increasing catheter length.  This approach may 
significantly increase the heat-exchange capacity and with it open new applications and the 
ability to cool with greater speed and precision.    

Conclusion 
TTM is complex as the circumstances and patients are highly varied; thus, hospitals should 
follow guideline-driven, institution-specific protocols for temperature management. When 
making a choice regarding cooling devices, institutions should select the most appropriate 
means of TTM based on patient outcomes, economics, and the maximum potential for a wide 
range of applications. 

Although surface cooling may seem easy to use and can be applied by nurses without a 
physician being present, the potential risks and disadvantages are outweighed by the benefits 
of TH and fever control.  The effectiveness and performance of surface cooling is limited to the 
maximum amount of skin coverage, the lowest temperature that circulates within the blankets 
or pads, and any counterproductive activity from shivering.  When applying surface cooling 
methods, patients need continuous attention due to the risk of freezing-induced skin damage 
and shivering27.  

IVTM offers more controlled cooling and is faster to target temperature. Better temperature 
control is associated with fever reduction39,42,46 and better neurological outcomes8,27. IVTM has 
direct thermoregulation to the core instead of using the skin as a conduit, and therefore less 
medication may be needed to control shivering. In addition, skin counterwarming can be 
utilized to significantly reduce or eliminate shivering response55-57. The strategy of using IVTM 
provides the ability to induce TH in awake, non-intubated and non-paralyzed patients (i.e for 
the treatment of acute ischemic stroke or acute myocardial infarction) because of better 
patient tolerance and less shivering. In conclusion, IVTM provides a better value proposition 
compared to surface cooling, based on both patient outcomes and economic impact to the 
healthcare facility. 
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