
Ben Bobrow, MD Ben Bobrow, MD 
Medical DirectorMedical Director

Bureau of EMS & Trauma SystemBureau of EMS & Trauma System

Therapeutic Hypothermia 
We Restored a Perfusing Rhythm!  

Now Do We Start Hypothermia? How?



Coronary Perfusion pressure (Ao diastolic- RA diastolic) 

Discussion
Standard CPR 15:2

Presenter
Presentation Notes


For some time we have known that interrupting coronary perfusion pressure for any reason, including airway interventions, decreases survival in animals.



The animal data which lead the CPR guidelines to be changed from 15 to 2 to 30 to 2  (CLICK)
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Presenter
Presentation Notes
Survival from out of hospital cardiac arrest in the United States is dismal. (CLICK)



In 2004,  we found comparable results in Arizona with only 3 % of ALL Out of Hospital Cardiac Arrest Victims Surviving to hospital discharge.



Cardiocerebral Resuscitation 
(CCR)

200 chest
compressions

200 chest
compressions

Single shock
without pulse 
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analysis

BVM or Passive
Insuflation 100% FIO2
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Single shock if 
indicated without 
pulse check or
rhythm analysis

Resume Standard ACLS
Consider Endotracheal 

Intubation

200 chest
compressions

CC
Only•

EMS
arrival

Administer 1 mg  
IV Epinephrine
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• If adequate bystander chest compressions are provided, EMS providers  
perform immediate rhythm analysis

Presenter
Presentation Notes
This is the Cardiocerebral Resuscitation protocol.



Chest compression alone CPR is advocated and instructed by 9-1-1 dispatchers.



If adequate bystander chest compressions are provided, paramedics go directly to rhythm analysis and shock.



If there is no bystander CPR, Paramedics administer 200 rapid forceful uninterrupted chest compressions at a rate of 100 compressions/minute allowing full chest recoil. 

If a shockable rhythm is present, a single shock is administered followed immediately by another 200 chest compressions prior to pulse or rhythm check. 



The airway is initially managed with either a BVM at a rate of 8 ventilations/minute or 100% FIO2 NRB facemask .  This was left up to the paramedics discretion depending on how many providers were responding to the arrest. 



Paramedics administer one milligram of epinephrine Intravenously as early as possible and again with each cycle of chest compression and rhythm analysis. 



After 3 cycles of chest compressions and rhythm analysis, providers returned to their standard ACLS protocol consisting of endotracheal intubation and ACLS drugs.



598 CCR 

Total cardiac arrests
n= 3,329

171 excluded
(age <18 yrs)

3,158 adult 874 excluded 
– 673 non-cardiac
– 139 EMS witnessed
– 62 missing outcome

2,284 arrests of 
cardiac etiology

1,686 Routine ALS

Enrollment

Presenter
Presentation Notes
Enrollment expanded since this abstract was first submitted.



Total cardiac arrests were 3329.



After excluding non-cardiac, children and arrests occurring after EMS arrival, there were 2284 adult arrests of presumed cardiac etiology. 



598 received Cardiocerebral Resuscitation and 1686 received Routine ALS care.



9.29.2

28.128.1

3.63.6
10.910.9

Results 
Survival from Out of Hospital Cardiac Arrest
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Presentation Notes
These are the results,



The overall survival rate to Hospital discharge for those receiving Routine ALS was 3.6% (the same 3% we found in 2004).  The survival rate for those receiving Routine ALS who had a witnessed collapse and VF on EMS arrival was 10.9%.



The overall survival rate for those receiving Cardiocerebral Resuscitation was 9.2% and for the subgroup with a witnessed collapse and VF on EMS arrival - 28.1%.



Cerebral Performance Category Score Surveys are currently underway and are a focus of our work in 2007.





HOW DO WE IMPROVE SURVIVAL?
Therapeutic 
Hypothermia



An AHA ECC Impact Goal: 
Double Survival from Cardiac Arrest by 

2010

The data presented in this session suggests The data presented in this session suggests 
that with the broad implementation of the that with the broad implementation of the 

Sarver Heart CenterSarver Heart Center’’s s 
Cardiocerebral Resuscitation Cardiocerebral Resuscitation 

program for cardiac arrest, we can exceed program for cardiac arrest, we can exceed 
the goal nowthe goal now
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450 B.C. Hippocrates packed patients in snow 
and hypothesized that it would 
improve patient outcome

1814
Baron Larrey, a  battlefield surgeon 
working in Napolean's army during his 
invasion of Russia stated, “Cold acts 
on the living parts…[which] may 
remain…in [a] state of asphyxia 
without losing their life…”

1930’s

Clinical Hypothermia History

Hypothermia induction gained 
notoriety through the Nazi Dachau 
experiments

1950

Moderate and deep hypothermia are used 
for various surgical procedures as well as 
to reverse neurological insult after cardiac 
arrest

1958-1989

The use of hypothermia for brain injury 
was ad hoc and overall 121 patients 
were reported in literature to be treated

1990’s

Hypothermia induction reemerges as a 
therapeutic option for cardiac arrest
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Reperfusion Injury

• Reperfusion injury is defined as 
“damage observed after restoration of 
blood flow to ischemic tissues”

• There are three potential treatment 
modalities to counteract the untoward 
effects of reperfusion:
– Increased ICU care and length of stay
– Antioxidants
– Hypothermia induction

Presenter
Presentation Notes
The use of antioxidants has been studied extensively in animals and has not been favorable.  The antioxidants must be administered exactly when blood flow reperfusion begins for it to be effective (useful in cath lab)
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Ischemia Reperfusion

Reactive oxygen 
species (ROS) Inflammatory 

cascades

Mitochondrial
dysfunction

Vascular dysfunction
Hypotension

Apoptosis
Organ dysfunction

Cerebral edema

Reperfusion Injury

Hypothermia Induction

Presenter
Presentation Notes
Generally, harmful effects of reactive oxygen species on the cell are most often:

damage of DNA 

oxidations of polydesaturated fatty acids in lipids 

oxidations of amino acids in proteins 



Reactive oxygen species (ROS) include oxygen ions, free radicals and peroxides both inorganic and organic. They are generally very small molecules and are highly reactive due to the presence of unpaired valence shell electrons. ROSs form as a natural byproduct of the normal metabolism of oxygen and have important roles in cell signaling. However, during times of environmental stress ROS levels can increase dramatically, which can result in significant damage to cell structures. This cumulates into a situation known as oxidative stress. 



apoptosis is one of the main types of programmed cell death (PCD). As such, it is a process of deliberate life relinquishment by a cell in a multicellular organism. In contrast to necrosis, which is a form of cell death that results from acute cellular injury, apoptosis is carried out in an ordered process that generally confers advantages during an organism's life cycle. For example, the differentiation of human fingers in a developing embryo requires the cells between the fingers to initiate apoptosis so that the fingers can separate. The way the apoptotic process is executed facilitates the safe disposal of cell corpses and fragments. 
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Clinical Hypothermia 
Mechanism of Action

• There are three distinct stages of 
cerebral injury after hypoxic insult
– Early
– Intermediate 
– Late

• Therapeutic hypothermia is considered 
to be neuroprotective by acting at each 
of the three stages of injury
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Clinical Hypothermia 
Mechanism of Action

• Cardiac arrest immediately 
decreases cerebral blood 
flow despite ongoing 
consumption of oxygen, 
adenosine triphosphate and 
glucose

Early Stage

Cardiac Arrest

• In this stage, hypothermia 
decreases energy utilization, 
consumption of oxygen, and 
glucose

Cerebral blood 
flow decreases

Metabolic demand
increases

(Oxygen, adenosine, 
triphosphate, glucose)

Demand

Supply

DemandSupply

Presenter
Presentation Notes
Metabolic demand truly doesn’t increase but the supply decreases
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Recent Studies

Hypothermic Normothermic

Alive at 6 months 
with favorable 
neurologic status

53% (75/136) 35% (54/137)

Presenter
Presentation Notes
A number of landmark studies, published over the past 4 years, have demonstrated that cooling patients can provide significant survival benefit after initial resuscitation from cardiac arrest. Several of these investigations of induced hypothermia were well-designed randomized controlled trials, providing better evidence for the use of cooling than many pharmacologic interventions after cardiac arrest.  



For example, one European group demonstrated an improvement in survival to hospital discharge with favorable neurologic status in cooled patients compared to normothermic patients surviving arrest (53% vs. 35%, respectively), with no significant adverse events from cooling. 





Mild Therapeutic Hypothermia to Improve the 
Neurologic Outcome After Cardiac Arrest 

(HACA)
• Patients with witnessed cardiac arrest from VF or 

pulseless VT, 18-75 years of age, estimated 5-15 
minutes to attempted resuscitation, and less than 60 
minutes from collapse to restoration of spontaneous 
circulation

• 275 patients of 3,551 cardiac arrests studied
• 137 patients received hypothermia

Dr. Fritz Sterz, Vienna, Austria, and The Hypothermia After Cardiac Arrest 
Study Group, N Engl J Med 2002; 346:549-556



Mild Therapeutic Hypothermia to Improve the 
Neurologic Outcome After Cardiac Arrest 

(HACA)
• Sedation: I.V. midzolam (Versed) 0.125 mg/kg/hr 

initially
• Sedation: I.V. fentanyl (Sublimaze) 0.002 mg/kg/hr 

initially
• To prevent shivering: I.V. pancuronium (Pavulon) 0.1 

mg/kg every 2 hours for 32 hours

Dr. Fritz Sterz, Vienna, Austria, and The Hypothermia After Cardiac Arrest 
Study Group, N Engl J Med 2002; 346:549-556



BladderBladder TemperatureTemperature CourseCourse

Normothermia ( n = 124)

Hypothermia ( n = 123)

Dr. Fritz Sterz, Vienna, Austria and The Hypothermia After Cardiac Arrest      
Study Group, N Engl J Med 2002; 346:549-556



Hypothermia for Coma After Cardiac ArrestHypothermia for Coma After Cardiac Arrest

Dr. Fritz Sterz, Vienna, Austria and The Hypothermia After Cardiac Arrest 
Study Group, N Engl J Med 2002; 346:549-556

Hypothermia

Normothermia
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Recommendations
• Unconscious adult patients with return of 

spontaneous circulation (ROSC) after out-of 
hospital cardiac arrest should be cooled to 
32°C to 34°C (89.6°F to 93.2°F) for 12 to 24 
hours when the initial rhythm was ventricular 
fibrillation. Class IIa

• Similar therapy may be beneficial for patients 
with non-VF arrest out of hospital or for in- 
hospital arrest. Class IIb

American Heart Association 2005 Guidelines
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Active and optimal
intensive care

treatment!

PCI/thrombolysis (if indicated)PCI/thrombolysis (if indicated)
InitiateInitiate coolingcooling
OptimalisationOptimalisation ofof hemodynamicshemodynamics

Optimal treatment during reperfusionOptimal treatment during reperfusion

Fast induction

Stable maintenance

Slow rewarming



Medivance “Arctic Sun”



The LRS ThermoSuit® System



Endovascular Hypothermia

• Celsius ControlTM 

System
• Placed in IVC
• Does not infuse fluid 

into the patient, nor is 
blood circulated 
outside of the body

• INNERCOOL 
Therapies



Treatment of Comatose Survivors of Out-Of-Hospital 
Cardiac Arrest with Induced Hypothermia (Bernard) 

Cooling Device



What could EMS offer the pt?

• 22 pts  post ROSC who remained 
comatose 

• 30ml/kg of ice-cold saline given via 
peripheral IV or femoral central line over 30 
min after patient evaluated and paralyzed

• Decreased core temp from 35.5 to 33.8°C



Bernard SA, et al. Resuscitation 2003; Bernard SA, et al. Resuscitation 2003; 
56:956:9--1313



Scottsdale Fire Department 
Cardiac Arrest Center 
Destination ProtocolPurpose:

To improve the chance of good neurologic outcome from out-of-hospital cardiac arrest (OOHCA) by 
selectively transporting patients who have return of spontaneous circulation (ROSC) to Regional 
Cardiac Arrest Centers where they will receive specialized care (therapeutic hypothermia and 
potential cardiac catheterization).

Inclusion Criteria for Selective Bypass:
When feasible, prehospital providers will selectively transport adult patients (age 18 and older) 
who have ROSC post cardiac arrest to the nearest Cardiac Arrest Center if the following criteria 
are met: 
Palpable pulse or other evidence of spontaneous circulation after non-traumatic OOHCA
Comatose after ROSC, GCS < 8, no purposeful movement
Less than 30 minutes of CPR performed prior to EMS arrival
Transportation to a Cardiac Arrest Center is expected to add less than 15 minutes to the transport 
interval
No DNR paperwork identified

Post Cardiac Arrest Care:
EMS personnel will give pre-arrival notification of OOHCA patient
Do NOT actively warm patients in the field
Consider 500ml NS IV fluid bolus
Consider Lidocaine bolus and drip based on patient weight
Maintain ventilation rate of 8 breaths/minute 
OOHCA patients who remain comatose after ROSC will be taken to the closest available Cardiac 
Arrest Center when feasible and all inclusion criteria are met.

Cardiac Arrest Centers:
Cardiac Arrest Centers will be designated based upon their ability to deliver therapeutic 
hypothermia and 24/7 cardiac catheterization.



Safety Evaluation of a Prehospital Cardiac Arrest Regionalization Protocol for Patients with 
Return of Spontaneous Circulation in the Field

OBJECTIVE: There is good evidence that therapeutic hypothermia (TH) improves neurological 
outcomes for prehospital cardiac arrest (PCA).  Yet, TH is used in less than 10% of hospitals for 
comatose survivors of cardiac arrest.  Regionalizing post-resuscitation care for PCA patients with 
return of spontaneous circulation (ROSC) to facilities that provide TH might increase the rate of 
neurologically intact survivors. We applied a theoretical prehospital bypass protocol to our 
statewide PCA database to assess the safety of potentially bypassing the closest hospital with 
comatose, ROSC patients and transporting them to a designated regional cardiac arrest center 
(RCAC).

METHODS: Data from an Utstein style-compliant registry of PCA patients that captures approximately 
70% of Arizona’s population were evaluated (October, 2004-December, 2006). We evaluated the 
association between EMS transport interval (TI-depart scene to ED arrival) and survival to hospital 
discharge in all adult, non-traumatic PCA patients and in the subgroup of patients who achieved 
ROSC but remained comatose.

RESULTS:
1846 PCAs were adult, of cardiac etiology and with the arrest occurring prior to EMS arrival.  

Complete TI data were available for 1177 PCAs with 70 (5.9%) surviving to hospital discharge.  
253/1177 (21.5 %) achieved ROSC and remained comatose (meeting criteria for bypass protocol) 
with 43 (17.0%) surviving. Mean TI for all PCAs was 6.9 minutes (95% CI:  6.7, 7.1). Logistic 
regression revealed multiple factors that were strongly associated with survival:  Witnessed 
arrests, bystander CPR, and decreased EMS response interval (dispatch to scene arrival).  This 
analysis, after controlling for confounding factors, revealed no significant association between TI 
and survival (odds ratio 1.2, 95% CI 0.7-1.8).  Similar results were found for the comatose, ROSC 
sub-group (OR 1.0, 95% CI 0.5-1.9).

CONCLUSION: In our statewide database, survival of adult PCA patients did not significantly 
decrease with an increase of the TI. This suggests that a modest increase in TI due to bypassing 
the closest hospital to transport eligible patients to a RCAC is safe and warrants further 
investigation. 



Post Resuscitation Care 
Oslo, Norway Experience

• Found that only 34% of patients initially 
resuscitated and delivered to the ED survived to 
discharge

• They Formalized an approach to post- 
resuscitation care:
– Therapeutic Hypothermia
– PCI when indicated
– Ventilation Control
– Glucose Control
– Hemodynamic Control

Sunde

 

K, Steen PA and Associates



Aggressive Post Resuscitation Care 
Saves Lives
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Prehospital Cooling 
Hypothermia post-cardiac arrest

• Use of ice cold Ringer’s soln pre-hospital 
for comatose pts post arrest

• Pts given 30cc/Kg at rate of 100 ml/min 
• Air ambulance with 25 min infusion
• Pts reached target temp of 34 C with 

arrival to ED 

• Resuscitation 2004:62:299-302  



SFD - Cardiac Arrest Center 
Destination Protocol

Inclusion Criteria for Selective Bypass:
• Age 18 and older
• ROSC post VF cardiac arrest 
• Palpable pulse or other evidence of spontaneous circulation 
• Non-traumatic OOHCA
• Comatose after ROSC, GCS < 8, no purposeful movement
• Transportation to a Cardiac Arrest Center is expected to add 

less than 15 minutes to the transport interval
• No DNR paperwork identified
Post Cardiac Arrest Care:

Give pre-arrival notification of OOHCA patient
Do NOT actively warm patients in the field
Administer - 500ml NS IV fluid bolus
Consider Lidocaine bolus and drip based on patient weight
Maintain ventilation rate of 8 breaths/minute 

Cardiac Arrest Centers:
Cardiac Arrest Centers will be designated based upon their ability to 
deliver therapeutic hypothermia and 24/7 cardiac catheterization.



http://www.med.upenn.edu/resuscitation/Hypothermia.htm







Cardiac Arrest Centers 
Arizona



JUST DO IT! 

Bobrowb@azdhs.gov
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