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B-1090, Brussels. Belgion

The New England

Journal of Medicine HACA,

VOLUME 346 FEBRUARY 21, 2002 NUMBER 8 2002

Copyright © 2002 by the Massachusetts Medical Socicty

MILD THERAPEUTIC HYPOTHERMIA TO IMPROVE THE NEUROLOGIC
OUTCOME AFTER CARDIAC ARREST

THE HyPOTHERMIA AFTER CARDIAC ARREST STUDY GROUP*

TREATMENT OF COMATOSE SURVIVORS OF OUT-OF-HOSPITAL CARDIAC
ARREST WITH INDUCED HYPOTHERMIA Bernard,

StepHEN A. Bernarp, M.B., B.S., TimotHy W. Gray, M.B., B.S., MicHaeL D. Buist, M.B., B.S., 2002
Bruce M. Jones, M.B., B.S., WiLuam SivesTer, M.B., B.S., Georr GuTtTeribce, M.B., B.S., AND KARen SmiTH, B.Sc.






The post-arrest problem
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Reperfusion injury

Damage observed after restoration
of blood flow to ischemic tissues

| _ _
Possible therapies:

improved ICU care
antioxidants
hypothermia
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The Hypothermia after Cardiac Arrest Study Group. N Engl J Med 2002; 346:549-556
Nozari A, Safar P, Sterzoski S, et al. Circulation 2006; 113:2690-2696



The New England
Journal of Medicine

Copyright © 2002 by the Massachusetts Medical Socicty

VOLUME 346 FEBRUARY 21, 2002 NUMBER 8

TREATMENT OF COMATOSE SURVIVORS OF OUT-OF-HOSPITAL CARDIAC
ARREST WITH INDUCED HYPOTHERMIA

StepHEN A. Bernarp, M.B., B.S., TimotHY W. Gray, M.B., B.S., MicHaeL D. Buist, M.B., B.S.,
Bruce M. Jones, M.B., B.S., WiLuam SivesTter, M.B., B.S., Georr GutTeriDGE, M.B., B.S., AnD KAREN SmiTH, B.Sc.

TABLE 2. NEUROLOGIC QOUTCOME AND MORTALITY AT SIX MONTHS.

OuTCOME NoRMOTHERMIA HYPOTHERMIA  Risk RATIO (95% CI)* P VALUET

no./total no. (%)

Favorable neurologic outcomej 54,137 (39) 75/136 (55)| 1.40 (1.08-1.81) 0.009
Death 76/138 (55) 56/137 (41)| 0.74 (0.58-0.95) 0.02

*The risk ratio was calculated as the rate of a favorable neurologic outcome or the rate of death in
the hypothermia group divided by the rate in the normothermia group. CI denotes confidence interval.

TTwo-sided P values are based on Pearson’s chi-square tests.

TA favorable neurologic outcome was defined as a cerebral-performance category of 1 (good re-
covery) or 2 (moderate disability). One patient in the normothermia group and one in the hypother-
mia group were lost to neurologic follow-up.
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Practical issues of cooling

1. How to cool?
Arrest ROSC

3. How deep
to cool?

4. How long to
keep cool?
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ILCOR Adyvisory Statement

Therapeutic Hypothermia After Cardiac Arrest

An Advisory Statement by the Advanced Life Support Task Force of the
International Liaison Committee on Resuscitation

Writing Group
J.P. Nolan, FRCA; P.T. Morley, MD; T.L. Vanden Hoek, MD; R.W. Hickey, MD

ILCOR Recommendations

On the basis of the published evidence to date, the Advanced
Life Support (ALS) Task Force of the International Liaison
Committee on Resuscitation (ILCOR) made the following
recommendations in October 2002:

® Unconscious adult patients with spontaneous circulation
after out-of-hospital cardiac arrest should be cooled to
32°C to 34°C for 12 to 24 hours when the initial rhythm
was ventricular fibrillation (VF).

® Such cooling may also be beneficial for other rhythms or
in-hospital cardiac arrest.




U S T Thus, unconscious adult patients with ROSC after out-of-
'\SS"C“’“O"” hospital cardiac arrest should be cooled to 32°C to 34°C
GUIDELINES | (89.6°F to 93.2°F) for 12 to 24 hours when the initial rhythm
C ECC was VF (Class [la). Similar therapy may be ben.eficial .for
2005 patients with non-VF arrest out of hospital or for in-hospital

arrest (Class IIb).
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In summary, we recommend that comatose (ie, lack of
meaningful response to verbal commands) adult patients with
ROSC after out-of-hospital VF cardiac arrest should be
cooled to 32°C to 34°C (89.6°F to 93.2°F) for 12 to 24 hours
(Class I, LOE B). Induced hypothermia also may be consid-
ered for comatose adult patients with ROSC after in-hospital
cardiac arrest of any initial rhythm or after out-of-hospital
cardiac arrest with an initial rhythm of pulseless electric
activity or asystole (Class IIb, LOE B). Active rewarming
should be avoided in comatose patients who spontaneously
develop a mild degree of hypothermia (=32°C [89.6°F]) after
resuscitation from cardiac arrest during the first 48 hours after
ROSC. (Class III, LOE C).
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Cell death and
inflammatory

Ischemia-induced signaling

cellular abnormalities
(ROS, Ca*, pH)

Mormothermia

Mormoxia Ischemia Reperfusion

- Post-reperfusion cooling

W" Intra-ischemia cooling

Mormoxia Ischemia Reperfusion

Lampe JW, Becker LB.State of the art in therapeutic hypothermia. Annu Rev Med. 2011;62:79-93.
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Epi
Untreated VF PC Post-resuscitation
0 min 15/min 20 min 4 hrs
Intra-arrest cooling

Al 3sxs b
(ROSC)
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(n=T) (n=T)

Wang H,et al Intra-arrest selective brain cooling improves success of resuscitation in a
porcine model of prolonged cardiac arrest..Resuscitation. 2010 ;81(5):617-21.
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Epi
Untreated PEA PC Post-resuscitation
0 min 15/min 20 min 4 hrs
Intra-arrest cooling
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Cho JH, et al.Early selective trans-nasal cooling during CPR improves success of resuscitation in a
porcine model of prolonged pulseless electrical activity cardiac arrest. Resuscitation. 2011;82(8):1071-5.
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Yu, et al. Survival and neurological outcomes after nasopharyngeal cooling or peripheral vein cold saline
infusion initiated during CPR in a porcine model of prolonged cardiac arrest. Crit Care Med. 2010; 38:916-21.
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Yu, et al. Survival and neurological outcomes after nasopharyngeal cooling or peripheral vein cold saline
infusion initiated during CPR in a porcine model of prolonged cardiac arrest. Crit Care Med. 2010; 38:916-21.
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Epinephrine
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Untreated VF PC Post-resuscitation
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cooling to 34 °C
2 hrs 10 hrs

e ——

Postwresuscitation surface
cooling to 34°C

Tsai, et. al. The amplitude spectrum area correctly predicts improved resuscitation and
facilitated defibrillation with head cooling. Crit Care Med. 2008; 36: [Suppl.]:S413-S417.
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Table 1. Resuscitation between experimental groups

Intra-Arrest Delayed

Control Cooling Cooling

n=3_8 n=3~y n=3_y
Body weight (kg) 408+ 19 40.4 = 0.7 41.1 = 3.7
CPR duration (sec) 612.9 + 227.3 364.6 = 424 422.4 + 201.1
Epinephrine dosage (pg/kg) 60 = 32.1 300 42 + 31.8

CPP before initial electrical 17756 21.3 9.6 19.6 = 7.94
shock (mm Hg)

Total shock number 14.8 = 8.8 8.1+46 5:h:+33
Initial shock success (%) 38 75 63
TQIQI ﬁbQQk success (%) + — —

ROSC 7 (88%) 8 (100%) 7 (88%)

Survival for 96 hrs 2 (25%) 8 (100%) 5 (63%)

Tsai, et. al. The amplitude spectrum area correctly predicts improved resuscitation and
facilitated defibrillation with head cooling. Crit Care Med. 2008; 36: [Suppl.]:S413-S417.
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Wang H,et al Intra-arrest selective brain cooling improves success of resuscitation in a
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Table 2. Hemodynamic and echocardiographic measurements between experimental groups

VF =%

Baseline PR 1 hr PR 2 hr PR 3 hr PR 4 hr PR 96 hr

HR (min)

Intra-arrest cooling 104.0 = 13.5 157.5 + 36.5¢ 135.8 + 23.9° 136.3 + 24.85¢ 1345 + 24.7%4 109.1 = 255

Delayed cooling 106.1 = 13.6 176.7 = 18.9¢ 182.0 = 24.5 181.8 = 17.4¢ 167.3 + 19.5° 123.2 + 20.1

Control 119.8 + 21.4 205.3 = 18.6 209.0 = 23.2 207.0 = 8.3 215.4 + 235 144.0 = 33.9
MAP (mm Hg)

Intra-arrest cooling 115.5 = 12.1 103.5 = 9.7 108.8 = 15.2 120.3 = 12.4 125.8 + 14.5 NA

Delayed cooling 124.1 £ 9.2 110.0 = 7.9 120.6 = 8.8 128.4 = 13.2 126.6 = 6.4 NA

Control 122.9 = 13.6 113.3 = 14.9 123.3 = 18.1 122.4 = 13.1 122.0 = 124 NA
E/A

Intra-arrest cooling 1.32 = 0.06 1.23 + 0.169 1.24 + 0.167 1.30 = 0.15 1.30 + 0.15¢ 1.32 + 0.09

Delayed cooling 1.12 = 0.09 1.438 + (.188 1.51 = 0.25 1.49 + 0.14 1.63 = 0.23¢ 1.35 = 0.13

Control 1.35 = 0.09 1.25 + 0.41 1.37 = 0.27 1.46 = 0.22 1.46 = 0.22 1.18 = 0.08
DT (sec)

Intra-arrest cooling 0.13 = 0.02 0.07 = 0.01¢ 0.09 = 0.02° 0.10 = 0.01%9 0.11 = 0.02¢ 0.14 = 0.027

Delayed cooling 0.13 = 0.01 0.08 = 0.01 0.08 = 0.01 0.08 = 0.01¢ 0.09 = 0.01¢ 0.14 = 0.02°?

Control 0.11 = 0.02 0.06 = 0.01 0.07 = 0.01 0.07 = 0.01 0.07 = 0.01 0.09 = 0.01
S/D

Intra-arrest cooling 1.08 + 0.05 0.80 + 0.12¢ 1.06 + 0.08° 1.07 + 0.06% 1.07 + 0.067 1.07 + 0.05

Delayed cooling 1.12 = 0.09 0.83 = 0.05 0.84 = 0.05 0.91 = 0.10 1.02 = 0.10¢ 1.07 = 0.03

ntrol 1,05 + 0.03 0,80 + 0,07 0,83 + 0.07 0,90 + 0.07 1,02 + 0.10 1,04 + 0.0

MPI

Intra-arrest cooling 0.52 = 0.03 0.69 + 0.06%¢ 0.63 * 0.08%¢ 0.56 * 0.05%¢ 0.52 + 0.015¢ 0.52 * 0.03%4

Delayed cooling 0.63 = 0.22 35.26 = 4.32 37.62 = 2.62 37.35 = 2.83 38.51 = 5.77 45.72 = 3.32

Control 0.51 = 0.03 0.91 = 0.24 0.90 = 0.23 0.88 = 0.32 0.78 = 0.07 0.65 = 0.13

DT, decelerating time; HR, heart rate; MAP, mean arterial pressure; MPI, myocardial performance index; NA, not available; PR, postresuscitation; S/D,

systolic/diastolic.

a < 0.05; ®p < 0.005 when compared with control group; <p < 0.001 when compared with delayed cooling group; % < 0.05.

Tsai, et. al. The amplitude spectrum area correctly predicts improved resuscitation and
facilitated defibrillation with head cooling. Crit Care Med. 2008; 36: [Suppl.]:S413-S417.
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Safety and feasibility of nasopharyngeal evaporative cooling in the emergency
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Busch; Safety and feasibility of nasopharyngeal evaporative cooling in the emergency department
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Busch; Safety and feasibility of nasopharyngeal evaporative cooling in the emergency department
setting in survivors of cardiac arrest 84 cardiac arrest patients. Resuscitation 2010;81:943-9 Aug 2010
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Table 3
Device related adverse events.
Total incidence Resolved Sequelae
Device related events 15/84 (16%)

Nasal discoloration 10/84(11%) 10(11%)
Cold-induced tissue damage 1/84(1%) 0 1(1%)
Epistaxis 2/84(2%) 2(2%) 0
Coolant in sinus 1/84(1%) 1(1%) 0
Periorbital gas emphysema 1/84(1%) 1(1%) 0

Busch; Safety and feasibility of nasopharyngeal evaporative cooling in the emergency department
setting in survivors of cardiac arrest 84 cardiac arrest patients. Resuscitation 2010;81:943-9 Aug 2010
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Intra-Arrest Transnasal Evaporative Cooling: A Randomized, Prehospital, Multicenter
Study (PRINCE: Pre-ROSC IntraNasal Cooling Effectiveness)

Maaret Castrén, Per Nordberg. Leif Svensson, Fabio Taccone. Jean-Louise Vincent, Didier
Desruelles, Frank Eichwede, Pierre Mols. Tilmann Schwab, Michel Vergnion, Christian Storm.
Antonio Pesenti. Jan Pachl, Fabien Guérisse, Thomas Elste, Markus Roessler, Harald Fritz,
Pieterjan Durnez, Hans-Jorg Busch, Becky Inderbitzen and Denise Barbut

Circulation. 2010:122:729-736: originally published online August 2. 2010;
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Resuscitation Science

Intra-Arrest Transnasal Evaporative Cooling

A Randomized, Prehospital, Multicenter Study (PRINCE: Pre-ROSC
IntraNasal Cooling Effectiveness)

Maaret Castrén, MD, PhD*; Per Nordberg, MD*; Leif Svensson, MD, PhD: Fabio Taccone, MD:

Background—Transnasal evaporative cooling has sufficient heat transfer capacity for effective intra-arrest cooling and
improves survival in swine. The aim of this study was to determine the safety, feasibility, and cooling efficacy of
prehospital transnasal cooling in humans and to explore its effects on neurologically intact survival to hospital discharge.

Methods and Results—Witnessed cardiac arrest patients with a treatment interval =20 minutes were randomized to
intra-arrest cooling with a RhinoChill device (treatment group, n=96) versus standard care (control group, n=104). The
final analysis included 93 versus 101 patients, respectively. Both groups were cooled after hospital arrival. The patients
had similar demographics, initial rhythms, rates of bystander cardiopulmonary resuscitation, and intervals to
cardiopulmonary resuscitation and arrival of advanced life support personnel. Eighteen device-related adverse events (1
periorbital emphysema, 3 epistaxis, 1 perioral bleed, and 13 nasal discolorations) were reported. Time to target
temperature of 34°C was shorter in the treatment group for both tympanic (102 versus 282 minutes, P=0.03) and core
(155 versus 284 minutes, P=0.13) temperature. There were no significant differences in rates of return of spontaneous
circulation between the groups (38% in treated subjects versus 43% in control subjects, P=0.48), in overall survival of
those admitted alive (44% versus 31%, respectively, P=0.26), or in neurologically intact survival to discharge
(Pittsburgh cerebral performance category scale 1 to 2, 34% versus 21%, P=0.21), although the study was not
adequately powered to detect changes in these outcomes.

Conclusions—Prehospital intra-arrest transnasal cooling is safe and feasible and is associated with a significant
improvement in the time intervals required to cool patients.

Castrén M et al. Circulation 2010;122:729-736
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