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Summary 

The incidences of complications of therapeutic 
hypothermia vary with cooling methods.  Weak cooling 
methods such as intravenous saline infusion and 
conventional cooling blankets can prolong exposure of 
patients to temperatures which cause shivering, a factor 
which increases metabolic demands. Ice packs 
introduce a risk of frostbite if used for longer than 20 
minutes. Adhesive-based cooling pads and invasive 
cooling catheters are associated with significant risks of 
injuries.  The LRS ThermoSuit System offers a unique 
combination of rapid patient cooling and a high level of 
safety. 

Hypothermia 

It is well known that hypothermia carries significant 
risks for certain patients.  Accidental hypothermia 
resulting from exposure to extreme climactic conditions 
can be life-threatening if core temperature drops below 
28.0°C (82.4°F)1. Alternatively, surgical procedures can 
result in perioperative hypothermia, the potential 
complications of which include increased incidences of 
surgical wound infection, intraoperative blood loss, and 
cardiac arrhythmias, as well as altered drug uptake, 
shivering, and thermal discomfort2.  

Despite the potential risks of hypothermia, there has 
recently been a growing adoption of intentional 
“therapeutic hypothermia” to treat a number of critical 
medical conditions.  The mechanisms which have been 
cited for therapeutic benefits both during and following 
prolonged ischemia include reduced oxygen demand 
and suppression of inflammatory and apoptotic 
mechanisms associated with reperfusion injury. Most 
notably, the latest patient care guidelines from the 
American Heart Association3, recommend therapeutic 
hypothermia as a treatment for patients who are 
comatose after resuscitation from cardiac arrest.  The 
current guidelines, which are based primarily on 
clinical studies that were published in 20024,5, 
recommend cooling these patients to 32-34°C (89.6 - 
93.2°F) for a period of 12 to 24 hours to improve the 
prospects of patient recovery to normal neurological 
status.  As yet, the optimal rate, time of initiation, 
method, depth, and duration of cooling are not well 

understood.  New research is adding to the 
understanding of these variables, including the potential 
complications the various cooling methods.  The 
following discussion reviews some of the data 
associated with the potential complications of patient 
cooling. 

Shivering 

Shivering is one of the body’s natural defenses against 
hypothermia.  This physiologic response reduces the 
ability of the body to be cooled.  Severe shivering 
nearly triples oxygen consumption in patients treated 
with therapeutic hypothermia, and the metabolic 
reduction of therapeutic hypothermia as compared to 
normothermia is only seen in patients who have no to 
mild shivering6.  If patient cooling is provided and core 
body temperature falls below 35.5°C (95.9°F), the 
shivering response is typically activated, and this 
usually continues until a core temperature of 33.5°C 
(92.3°F) is reached7. When conventional cooling 
methods such as cooling blankets and pads are used, the 
patient will remain in the shivering zone for several 
hours, as cooling to target usually requires 3 to 4 hours 
or more8.  In contrast, the ThermoSuit cooling method 
cools in approximately 37 minutes9 and the patient 
spends only a few minutes in the shivering zone.  This 
difference is highlighted below. 
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Figure 1: Impact of cooling rate on time spent in shivering zone.  
Note that slow cooling (as provided by cooling blankets and 
Medivance Arctic Sun) place the patient in this zone for hours, while 
the rapid ThermoSuit cooling approach reduces temperature below 
the shivering zone in minutes.  

The increased use of therapeutic patient cooling has led to a heightened interest in the potential complications of 

this treatment.  The selection of patient cooling methods requires careful attention to the risks associated with each 

method.  This report touches on several key publications related to this topic [LRS Scientific Review, Dec. 2013).   
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Many clinicians employ muscle relaxants to suppress 
shivering, but these carry their own potential 
complications10,11,12.  If the goal of cooling is to induce 
therapeutic hypothermia in a critically ill patient, a 
rapid cooling induction is desirable to minimize the 
amount of time spent in the shivering zone7.  Prior 
research in the use of cold water immersion (as is used 
with the LRS ThermoSuit cooling device) has 
demonstrated that shivering is further suppressed if this 
cooling method is used with a water temperature of 
2°C13. 

Undercooling 

The 2010 American Heart Association guidelines3 
recommend cooling of indicated patients to 32 to 34°C 
for 12 to 24 hours. Not all cooling methods are able to 
reliably cool patients to this therapeutic range of 
temperature.  In a recent study in which therapeutic 
hypothermia was initiated in 1,367 patients, target 
temperature was not achieved within 24 hours in 44.3% 
of patients14. This may have reflected the use of 
ineffective methods of cooling.  Cool air has been 
observed to be unsuccessful in cooling patients to target 
temperature 20% of the time4. Intravenous cold saline 
infusions generally provide less than 1C° of cooling, 
and patients often rewarm themselves after being 
cooled by this method15.  Some intravascular cooling 
catheters have been reported as being unable to 
maintain temperature below 34°C in 30% of patients16.  
The use of an underpowered cooling method not only 
fails to provide the therapeutic cooling, but places the 
patient at risk of an extended period of shivering.  

A recently published clinical study17 compared the use 
of target temperatures of 33°C (91.4°F) and 36°C 
(96.9°F) and reported no significant differences in 
patients treated with the two target temperatures.  On 
the surface, this might suggest that a higher target 
temperature than current guidelines might be 
acceptable.  However, the 33°C (91.4°F) target 
temperature in this study was not reached until 8 to 12 
hours after resuscitation.  This is later than the 
treatment window which is targeted in the guidelines, 
and the results must be regarded with caution.  Prior 
laboratory research has suggested that the therapeutic 
benefits of cooling are significantly diminished when 
the achievement of the 33°C temperature is delayed 
beyond four hours post-resuscitation18,19.   

Delayed Cooling 

The importance of time to target temperature has been 
the subject of considerable study and discussion.  Based 
on a review of data available as of early 2010, the 
American Heart Association recommended that 
hospitals initiate hypothermia as soon as feasible when 
indicated20.   

Several clinical studies have supported the premise that 
earlier achievement of target temperature is beneficial.  
A trend for a benefit of earlier cooling was reported for 
the use of nasal cooling21, and statistically significant 
benefits of earlier achievement of target temperature 
were reported with cooling catheters22 and surface 
cooling23 methods.  The use of the rapid ThermoSuit 
cooling method yielded clinical results which showed a 
trend for improvement in patients in whom target 
temperatures were achieved earlier9.   

Some other analyses of clinical data have failed to 
demonstrate an advantage of earlier cooling to target 
temperature. One cooling method which has been used 
in an attempt to accelerate induction of hypothermia is 
the use of cold intravenous saline.  This method 
potentially extends the period of stressful shivering, as 
noted above, and introduces additional venous loading 
which may unfavorably impact perfusion pressures24. 
The largest randomized trials investigating this method 
in the pre-hospital setting showed a trend for worsened 
outcomes15,25.  Retrospective analyses of patient 
populations in which intravenous cold saline infusion 
was used in a high percentage of subjects have failed to 
demonstrate a benefit of earlier cooling26,27. 

The advantages of faster achievement of target 
temperature are most apparent when adjustments are 
made for patient comorbidities as part of the data 
analysis; patients who have suffered more severe 
cerebral injury tend to lose the ability to conserve their 
own body heat and are more easily cooled28.  Previous 
studies which have not made such adjustments have 
sometimes failed to demonstrate a benefit of faster 
achievement of target temperature29,30. 

Numerous laboratory studies have demonstrated 
benefits of fast, early cooling31,32,33,34,35,36,37,38. 
Temperature dependent adverse biochemical reactions 
are inhibited by hypothermia. Early intervention clearly 
minimizes the time that these reactions have to 
accumulate adverse byproducts.  While additional 
clinical studies investigating the relationship between 
cooling speed and outcomes would be helpful, studies 
conducted thus far support the hypothesis that the use 
of faster cooling methods is beneficial to patients.  
Likewise, these studies have shown no significant 
evidence that the use of faster cooling methods is 
harmful.   

The choice of cooling method can have a significant 
impact on the time delay to achievement of target 
temperature, as highlighted in Figure 2 below. 
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Figure 2.  Patient cooling times to 34°C reported for induction of 
therapeutic hypothermia (from Refs. 8,9,41) 

Conventional cooling blankets have been reported to 
cool to 34°C (93.2°F) in a median time of 244 minutes, 
and fail to cool patients to 34°C within 4 hours 50% of 
the time8. Gel-faced cooling pads (Medivance Arctic 
Sun) have been reported to cool to 34°C in a median 
time of 190 minutes, and fail to reach this goal within 4 
hours 29% of the time8; the Arctic Sun gel pads 
sometimes require 8 hours or more to achieve target 
temperature39. Cooling catheters are sometimes 
completely unable to cool patients to target 
temperature16,40. A recent study of 36 patients treated 
with the Zoll ICY catheter in combination with cold 
saline infusion found that a mean cooling time of 286 
minutes was needed to reach 34°C41. An earlier clinical 
registry reported that the use of cooling catheters 
delayed the initiation of patient cooling by 75 minutes 
compared to other cooling methods42. By comparison, 
the ThermoSuit cooling method achieved successful 
cooling induction to 34°C in a median time of 37 
minutes and achieved target in 81 minutes or less in 
100% of patients treated;  median cooling time with the 
ThermoSuit was shortened to 27 minutes when 
propofol sedation was used9. 

Overcooling 

The existing AHA guidelines recommend that 
therapeutic hypothermia be provided in a temperature 
range of 32 to 34°C (89.6 to 93.2°F)3. This is largely 
based on the clinical studies which were published in 
2002 and targeted this range4,5.     

The 32°C (89.6°F) lower limit is supported by a 
retrospective analysis of 32 patients43.   In this study, 
there was a trend (not statistically significant) for 
patients who were “overcooled” below 32°C to have 
worsened outcomes.  In their discussion, the authors 
noted (p. S493), that “overcooling may serve as a 
marker of underlying postarrest neurologic and 
temperature control instability and be associated with 
worse outcomes as an epiphenomenon.” The tendency 
for increased neurological injury to impair 

thermoregulatory response and to facilitate patient auto-
cooling has been confirmed elsewhere28,44,45.  

The complications of hypothermia have been reviewed 
by numerous authors.  “Mild hypothermia” (32-35°C or 
89.6-95°F) is generally accepted as carrying few 
complications46,47.  Several studies have suggested that 
therapeutic cooling to temperatures slightly below 32°C 
could be safe, and may even have beneficial 
effects48,49,50,51,52. 

The safety of cooling somewhat below the 32°C level is 
supported by review of therapeutic hypothermia which 
noted that “A risk of clinically significant arrhythmias 
occurs only if core temperature decreases below 
30°C” (86°F).7 Supporting this, recent clinical research 
has provided evidence that cooling patients to 32°C 
may be more beneficial than cooling them to only 
34°C41.  These authors noted (p. 6) that “With the 
results obtained, it is now probably justified to also 
explore the effect of achieving levels <32°C.”  

All surface cooling methods have some potential to 
overcool patients, as has been reported for cooling 
blankets and the Medivance Arctic Sun device; 
overcooling by approximately 4C° (7.2°F) has been 
reported to occur with both of these methods8. The 
ThermoSuit System was studied in a three-hospital 
clinical investigation9 in which temperatures were 
allowed to drift after initial cooling induction, and 
temperature maintenance measures (such as cooling 
blankets or warm air) were generally not applied unless 
the patient deviated from the range of 32 to 34°C. Some 
overcooling was observed, but this did not adversely 
impact outcomes.  The sole adverse event ever reported 
for the ThermoSuit System occurred in 2011, and that 
was overcooling as a result of a device malfunction. 
The root cause of the malfunction was traced to a 
circuit board malfunction, and a company-initiated 
recall was conducted to install improved circuit boards 
in 100% of the devices in commercial use.  The 
satisfactory completion of this recall has been verified 
by the U.S. Food and Drug Administration53.  No other 
adverse events have been reported in the well over 1000 
clinical uses of the ThermoSuit System. 

Humans subjected to ice water immersion have been 
reported to continue to drop in temperature by an 
additional 0.56°C–1.8°C (1.0-3.2°F) after being 
removed from the water13,54.  The ThermoSuit System, 
which is the only available product which uses ice 
water immersion to cool patients, anticipates this 
“afterdrop” and a message on the display instructs the 
user to purge the water from the suit at 1.5°C (2.7°F) 
above the target temperature.  The water is 
automatically purged if the temperature drops within 
1°C (1.8°F) of the target.  To assure an accurate 
assessment of core body temperature during rapid 



 

 

cooling, the Instructions for Use of the ThermoSuit 
System specify the use of esophageal or 
nasopharyngeal temperature monitoring, as opposed to 
bladder or rectal temperature monitoring; this further 
reduces the probability of overcooling.  As an 
additional measure to avoid overcooling, the 
Instructions for Use for the ThermoSuit recommend 
that the user immediately remove the patient from the 
device upon completion of the purge process, and place 
the patient on a conventional cooling/warming blanket 
to assure that the patient remains within the targeted 
range of temperatures. These measures have been 
successful in achieving clinically effective temperature 
management with the ThermoSuit System since the 
initial studies55. 

Skin Injuries 

Critically ill patients are often susceptible to skin 
injuries as a result of prolonged exposure to adverse 
conditions.  Pressure concentrations, prolonged 
exposure to moisture, excessively high or low 
temperatures, and shear stresses are all capable of 
precipitating skin injuries.  They can prolong 
hospitalization and if severe can be disfiguring or even 
life-threatening.  Treatment costs of skin injuries can be 
significant, and in some instances may not be covered 
by insurance. 

Direct cutaneous application of ice in crushed or cubed 
form, or incorporated into specially designed pads or 
blankets, is a seemingly straightforward means to 
achieve cooling induction.  However, some have 
reported frostbite resulting from the use of ice56,57.   
Published guidelines on the application of ice for soft 
tissue injuries58 provide the following 
recommendations: 

(1) The most effective duration of application is 20–30 
minutes, with a maximum safe period of 30 minutes. 

(2) A damp towel should be placed between the cooling 
agent and the skin. 

(3) Care should be taken with the application of ice (or 
cooling agent) on areas with little subcutaneous fat or 
muscle, and in the region of superficial nerves, with a 
maximum cooling period of 10 minutes. 

The FDA MAUDE database shows that conventional 
cooling blankets59,60 and the Medivance Arctic Sun gel 
pads61 have also caused skin injuries. A study of the 
Medivance Arctic Sun reported that 6% of patients 
treated with the device experienced skin injuries which 
were likely to have been caused by the device39. 
Reports of skin injuries caused by the Arctic Sun gel 
pads have been published by others, with injuries 
including skin peeling off upon pad removal62, full-

thickness skin necrosis with underlying myonecrosis63, 
and bullous lesions suspected to have resulted from 
burn injuries64. 

The LRS ThermoSuit incorporates a low-shear non-
irritating porous lining and underlying pneumatic 
cushion that create conditions which minimize the 
potential for skin injury.  The circulating water which 
contacts the patients is above the freezing point, which 
eliminates the risk of frostbite. With an exposure time 
of approximately 37 minutes, there is little chance that 
the device can cause any skin injuries.  
Correspondingly, no skin injuries have been reported to 
have been caused by the ThermoSuit in the over 1000 
clinical uses of the device thus far.  

Complications of Cooling Catheters 

These devices are currently marketed by Zoll and 
Philips.  They cool the blood directly in the vena cava 
or other blood vessel, and carry the same types of 
complications as other central catheters (such as 
thrombosis, bleeding, infection).  However, the 
incidences of some of these complications may be 
higher with these devices than with conventional 
central catheters, and there are potential complications 
that are specific to these devices. 

A registry of 462 patients treated with therapeutic 
hypothermia reported clinical results following the use 
of cooling catheters and other cooling methods. This 
publication reported that the cooling catheters were 
associated with a higher incidence of arrhythmias than 
any other cooling methods (7.2% vs. 0.9%, p=.01)42. A 
more recent clinical study reported a 21% incidence (10 
of 47 patients) of deep venous thrombosis or pulmonary 
embolism, and 6 of these 10 (60%) were found to have 
caval thrombus65. Previous reports document instances 
of thrombophlebitis66 and inferior vena cava thrombus67 
caused by cooling catheters. The FDA MAUDE 
database of device-related adverse events reports 
similar complications and others, including system 
leakage with release of fluid into the intravascular 
system, catheter separation and loss of catheter 
components within the body, and fatal retroperitoneal 
bleeding68. 

Conclusions 

As therapeutic hypothermia grows in its use, there is an 
increasing need to understand its potential 
complications.  Published data support the value of 
maximizing cooling speed and minimizing delay of 
cooling treatment.  Some new clinical evidence 
suggests that slightly deeper cooling than current 
guidelines is not harmful and may be beneficial.  The 
proper selection of patient cooling method is critical to 
assure the best combination of treatment safety and 



 

 

effectiveness.  The LRS ThermoSuit System provides 
an unmatched combination of cooling speed and safety 
that should make it a highly desirable method for 
clinical cooling induction.  This rapid cooling induction 
method can be followed with a variety of available 
temperature maintenance and rewarming methods to 
achieve optimal targeted temperature management 
therapy.   

FDA-Cleared Indications for the LRS ThermoSuit System: 
a. Temperature reduction in patients where clinically indicated, e.g. in 
hyperthermic patients. 
b. Monitoring of patient temperature. 
Patient Population 
The ThermoSuit System (Size M) is indicated for patients 
• Greater than 58” (147 cm) and less than 75” (190 cm) in height 
•And less than 26” (66 cm) in width 
  

References 

                                                            
1 Armstrong LE, Performing in Extreme Environments, Human 
Kinetics, Champaign, IL, 2000. 

2 Sessler DI, “Complications and Treatment of Mild Hypothermia”, 
Anesthesiology, V. 95, No 2, Aug 2001, 531-543. 

3 ECC Committee, Subcommittees and Task Forces of the American 
Heart Association, “2010 American Heart Association Guidelines for 
Cardiopulmonary Resuscitation and Emergency Cardiovascular 
Care”, Circulation 2010;122:S768-S786. 

4 Holzer M. et al, “Mild Therapeutic Hypothermia to Improve the 
Neurologic Outcome after Cardiac Arrest”, N Engl J Med 2002, Vol. 
346, No. 8, 549-556. 

5 Bernard SA et al, “Treatment of Comatose Survivors of Out-of –
Hospital Cardiac Arrest with Induced Hypothermia”, N Engl J Med 
2002, Vol. 346, No. 8, 557-563. 

6 Badjatia N et al, “Metabolic Impact of Shivering During 
Therapeutic Temperature Modulation: The Bedside Shivering 
Assessment Scale”, Stroke 2008; 39: 3242-3247. 

7 Polderman K and Herold I, “Therapeutic hypothermia and 
controlled normothermia In the intensive care unit: Practical 
considerations, side effects, and cooling methods”, Crit Care Med 
2009; 37(3): 1101-1120. 

8   Heard KJ et al, “A randomized controlled trial comparing the 
Arctic Sun to standard cooling for induction of hypothermia after 
cardiac arrest”, Resuscitation 2010 Vol 81, No. 1, 9-14. 

9 Howes D, Ohley W, Dorian P, et al, “Rapid Induction of 
Therapeutic Hypothermia using Convective-Immersion Surface 
Cooling: Safety, Efficacy, and Outcomes”, Resuscitation 2010 Vol. 
81, no .4, 388-392. 

10 Kumar GV et al, “Residual Neuromuscular Blockage Affects 
Postoperative Pulmonary Function”, Anesthesiology 2012; 117: 1234-
44. 

 

                                                                                             
11 Sedo G et al, “Cardiorespiratory Arrest: a grade IV delayed 
anaphylactic reaction in the recovery room caused by rocuronium”, J 
Investig Allerg Clin Immunol 2013;23(3):204-5. 

12 BeggsAE et al, “Delayed-onset malignant hyperthermia in 
association with rocuronium use”, Am J Health Syst Pharm 2012 Jul 
1;69(13):1128-34. 

13 Proulx CI et al, "Effect of water temperature on cooling efficiency 
during hyperthermia in humans", J Appl Physiol 2003; 94(4):1317-
1323. 

14 Mikkelsen ME et al, “Use of Therapeutic Hypothermia After In-
Hospital Cardiac Arrest”, Crit Care Med 2013;41: 1385-1395. 

15 Bernard S et al, “Induction of therapeutic hypothermia by 
paramedics after resuscitation from out-of-hospital ventricular 
fibrillation cardiac arrest. A randomized controlled trial”, Circulation. 
2010; 122:737-742. 

16 Knapik P et al, “Comparison of intravascular and conventional 
hypothermia after cardiac arrest”, Kardiologia Polska 2011; 69, 11: 
1157-1163. 

17 Nielsen N et al, “Targeted Temperature Management at 33°C 
versus 36°C after Cardiac Arrest”, N Engl J Med 2013, DOI: 
10.1056/NEJMoa1310519. 

18 Che D et al, “Impact of Therapeutic Hypothermia Onset and 
Duration on Survival, Neurological Function, and Neurodegeneration 
after Cardiac Arrest”, Crit Care Med 2011; 39(6): 1423-1430. 

19 White CJ et al,”Lipid Mediators as Novel Biomarkers and 
Surrogate Indicators of Neurologic Recovery after Cardiac Arrest in a 
Hypothermic Swine Model”,  AHA RESS (2006), Circulation 
Supplement II Vol 114 no 18. 

20 Nichol G et al, “Regional Systems of Care for Out-of-Hospital 
Cardiac Arrest. A Policy Statement from the American Heart 
Association”, Circulation 2010; 121:00-00 

21 Castrén M et al, et al. Intra-arrest transnasal evaporative cooling. A 
randomized, prehospital, multicenter study (PRINCE: Pre-ROSC 
IntraNasal Cooling Effectiveness). Circulation. 2010; 122:729-736. 

22 Wolff B et al, “Early achievement of mild therapeutic hypothermia 
and the neurologic outcome after cardiac arrest”, International 
Journal of Cardiology 2009. 

23 Sendelbach S et al, “Effects of Variation in Temperature 
Management on Cerebral Performance Category Scores in Patients 
Who Received Therapeutic Hypothermia Post Cardiac Arrest”. 
Resuscitation (2012), doi:10.1016/j.resuscitation.2011.12.026 

24 Yannopoulos D et al, “Intra-Cardiopulmonary Resuscitation 
Hypothermia With and Without Volume Loading in an Ischemic 
Model of Cardiac Arrest”, Circulation 2009; 120: 1426-1535. 

25 Kim F et al, “Effect of Prehospital Induction of Mild Hypothermia 
on Survival and Neurological Status Among Adults With Cardiac 

 



 

 

                                                                                             
Arrest – A Randomized Trial”, JAMA, 
doi:10.1001/jama.2013.282173.  

26 Nielsen N et al, “Outcome, timing, and adverse events in 
therapeutic hypothermia after out-of-hospital cardiac arrest”, Acta 
Anesthesiol Scand 2009; 53: 926-934. 

27 ICE Study Group, “Early- versus late-initiation of therapeutic 
hypothermia after cardiac arrest: Preliminary observations from the 
experience of 17 Italian intensive care units”, Resuscitation 2012; 83: 
823-828. 

28 Felberg RA et al, “Hypothermia After Cardiac Arrest – Feasibility 
and Safety of an External Cooling Protocol”, Circulation 2001; 104: 
1799-1804. 

29 Haugk M et al, “Relationship between time to target temperature 
and outcome in patients treated with therapeutic hypothermia after 
cardiac arrest”, Critical Care 2011, 15:R101. 

30 Sawyer KN et al, “The Impact of Time to Target Temperature on 
Survival to Hospital Discharge for Patients Undergoing a 
Comprehensive Postresuscitation Program Following Out-of-Hospital 
Cardiac Arrest”, Circulation 2011 (Abstract); 124: A7.  

31 Busto R, Dietrich WD, Globus MY, Ginsberg MD, “Postischemic 
moderate hypothermia inhibits CA1 hippocampal ischemic neuronal 
injury”, Neurosci Lett. 1989 Jul 3; 101(3): 299-304. 

32 Kuboyama K et al, “Delay in cooling negates the beneficial effect 
of mild resuscitative cerebral hypothermia after cardiac arrest in dogs: 
a prospective, randomized study”, Crit Care Med 1993; 211348-58. 

33 Janata A, Weihs W, Bayegan K et al, “Therapeutic hypothermia 
with a novel surface cooling device improves neurologic outcome 
after prolonged cardiac arrest in swine“, Crit Care Med 2008 ;36(3): 
895-902. 

34 Zhao H, Steinberg G, “Limited Therapeutic Time Windows of 
Mild-to-Moderate Hypothermia in a Focal Ischemia Model in Rat”, 
Stroke Research and Treatment 2011, Article ID 131834. 

35 Markgraf CG, Clifton GL, Moody MR, “Treatment window for 
hypothermia in brain injury”, J Neurosurg. 2001; 1995(6):979-83. 

36 Carroll M, Beek O, “Protection against hippocampal CA1 cell loss 
by post-ischemic hypothermia is dependent on delay of initiation and 
duration”, Metab Brain Dis. 1992;7(1):45-50. 

37 Alam HB, Chen Z, Honma K et al, "The rate of induction of 
hypothermic arrest determines the outcome in a Swine model of lethal 
hemorrhage", J Trauma. 2004 ;57(5):961-9. 

38 Shao Z-H, Chang W-T, Ki, Chan KC et al, “Hypothermia-induced 
cardioprotection using extended ischemia and early reperfusion 
cooling”, Am J Physiol Heart Circ Physiol 2006. 

39 Jarrah S et al, “Surface Cooling after Cardiac Arrest: Effectiveness, 
Skin Safety, and Adverse Events in Routine Clinical Practice”, 
Neurocrit Care 2011; 14: 382-388. 

 

                                                                                             
40 Lyden P et al, “Determinants of Effective Cooling during 
Endovascular Hypothermia”, Neurocrit Care 2012 June; 15(3): 413-
420. 

41 Lopez-de-Sa et al, “Hypothermia in Comatose Survivors From Out-
of-Hospital Cardiac Arrest: Pilot Trial Comparing 2 Levels of Target 
Temperature”, Circulation 2012; 
http://circ.ahajournals.org/content/early/2012/11/06/CIRCULATION
AHA.112.136408. 

42 Arrich J et al, “Clinical application of mild therapeutic hypothermia 
after cardiac arrest”, Crit Care Med 2007 ; 35(4): 1041-1047. 

43 Merchant RM et al, “Therapeutic Hypothermia after cardiac arrest: 
Unintentional overcooling is common using ice packs and 
conventional cooling blankets”, Crit Care Med 2006; 34(12): S490-
494. 

44 Lyon RM et al, “Esophageal temperature after out-of-hospital 
cardiac arrest: An observational study”, Resuscitation 81 (2010) 867–
871. 

45 Benz-Woerner J et al, “Body temperature regulation and outcome 
after cardiac arrest and therapeutic hypothermia”, Resuscitation 83 
(2012) 338-342. 

46 Danzl DF and Pozos RS, “Accidental Hypothermia”, NEJM 1994; 
331:1756-1760. 

47 Polderman K, “Application of therapeutic hypothermia in the ICU: 
opportunities and pitfalls of a promising treatment modality. Part: 
Indications and evidence, Intensive Care Med (2004)30:556-575. 

48 Leonov Y et al, “Moderate hypothermia after cardiac arrest of 17 
minutes in dogs. Effect on cerebral and cardiac outcome”, Stroke 
1990;21:1600-1606. 

49 Ning X et al, “Induction of MAPK phoaphatase-1 by hypothermia 
inhibits TNF-{alpha}-induced endothelial barrier dysfunction and 
apaptosis”, Cardiovasc Res, Feb. 1, 2010; 85(3): 520-529. 

50 Zhao H et al, “Conditions of protection by hypothermia and effects 
on the apoptotic pathways in a rat model of permanent middle 
cerebral artery occlusion”, J Neurosurg 2003; vol 107 no 3:  636-641. 

51 Bassin L et al, “Arrhthmogenicity of Hypothermia – A Large 
Animal Model of Hypothermia”, Heart, Lung, and Circulation 2013. 

52 Boddicker KA et al, “Hypothermia Improves Defibrillation Success 
and Resuscitation Outcomes From Ventricular Fibrillation”, 
Circulation 2005;111;3195-3201. 

53,Notice of Satisfactory Completion of Recall No. Z-0456-2012, 
Food and Drug Administration Letter to Life Recovery Systems dated 
5/4/2013. 

54 Plattner, O et al, " Efficacy of Intraoperative Cooling Methods", 
Anesthesiology 1997; 87(5):1089-1095. 

55 Kudagi VS et al, "Rapid induction of therapeutic hypothermia in 
comatose survivors of cardiac arrest using liquid-convection 

 



 

 

                                                                                             
immersion cooling", Society for Cardiovascular Angiography and 
Interventions 2012. 

56 Graham CA, Stevenson J, “Frozen chips: an unusual cause of 
severe frostbite injury”, Br J Sports Med; 34:382-384. 

57 Lohan P, Hart A, “Therapeutic hypothermia and frostbite injury: a 
preventable source”, Scottish Medical Journal 2011; 56: 1-2. 

58 Kerr KM, Daley L, Booth L, et al. Guidelines for the management 
of soft tissue (musculoskeletal) injury with Protection, Rest, Ice, 
Compression and Elevation (PRICE) during the first 72 hours. 
London: Chartered Society of Physiotherapy, 1999. 

59 FDA MAUDE Database (adverse event reported for Meditherm 
cooling/warming blanket). 

60 FDA MAUDE Database (adverse events reported for Blanketrol 
cooling/warming blankets). 

61 FDA MAUDE Database (adverse events reported for Medivance 
Arctic Sun). 

62 Varon J et al, “Unusual side effect from hydrogel pads during 
therapeutic hypothermia”, Resuscitation 2008; 78, 248-249. 

63 Liu YM,”Skin Necrosis as a Complication of Therapeutic 
Hypothermia”, J Burn care Res 2013, DOI: 
10.1097/BCR.0b013e3182a22730. 

64 Wang H et al, “Bullous Lesions After Use of a Commercial 
Therapeutic Hypothermia Temperature Management System: A 
possible Burn Injury?”, Therapeutic Hypothermia and Temperature 
Management 2013;3(3): 147-150. 

65 Gierman JL et al, “Thermoregulatory catheter-associated inferior 
vena cava thrombus”, Proc (Baylor Univ Med Cent) 2013;26(2): 100-
102. 

66 Prunet B et al, “Catheter related thrombosis with cooling and 
warming catheters: two case reports”, Cases Journal 2009, 2:8857. 

67 Lau E et al, “Inferior vena cava thrombus associated with 
intravascular cooling catheter”, Resuscitation 2010; 81: 1457-1458. 

68 FDA MAUDE Database (adverse events reported for Alsius 
Cooling Catheters) 

 

 

 

 

 

 

 

 

                                                                                             
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PN 53141, Rev. B 


