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2010 American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science

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 considered 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 llb, 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 Ill, LOE C).
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2010 American Heart Association Guidelines
for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science

Induced hypothermia also may be considered
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 Ilb, LOE B).
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JRC Class I ClassII b ClassII b ClassII b
AHA Class 1 ClassII b ClassII b ClassII b
LOE B LOE B LOE B LOE B

JRC:Japanese Resuscitation Council

AHA : American Heart Association

Class I :5@<H#ERIND

ClassIIb: ZET HHIENH D

Class I LOE B:this treatment is usefull/effective,
evidence from single randomized trial

or nonrandomized studies

Class I LOE B:recommendation’s usefulness/efficacy
less well established, greater conflicting evidence from
single randomized trial or nonrandomized studies
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MILD THERAPEUTIC HYPOTHERMIA TO IMPROVE THE NEUROLOGIC
OUTCOME AFTER CARDIAC ARREST

THE HYPOTHERMIA AFTER CARDIAC ARREST STUDY GROUP*

N Engl J Med 2002;346:549-556

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

N Engl J Med 2002;346:557-563
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MILD THERAPEUTIC HYPOTHERMIA AFTER CARDIAC ARREST

TABLE 2. NEUROLOGIC OUTCOME AND MORTALITY AT SIX MONTHS.

OuTtcoME NorMOTHERMIA HyPOTHERMIA  Risk RaTio (95% CI)* P VALUET
no./total no. (%)

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

N Engl J Med 2002;346:557-563
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TABLE 5. OUTCOME OF PATIENTS AT DISCHARGE
FROM THE HOSPITAL.

HypOTHERMIA NORMOTHERMIA

OutcomE* (N=43) (N=34)
number of patients . , >
o | HIEF TR
Normal or minimal disability (able to care for 15 7
self, discharged directly to home) E& % | |
Moderate disability (discharged to a rehabil- 6 2
itation facility)
Severe disability, awake but completely 0 1

dependent (discharged to a long-term
nursing facility)

Severe disability, unconscious (discharged 0 1
to a long-term nursing facility)

Death 22 23
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Targeted Temperature Management
at 33°C versus 36°C after Cardiac Arrest

N Engl J Med 2013;369:2197-2206
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Hypothermia(33°C) vs. Normothermia(36°C)
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Targeted Temperature Management

at 33°C versus 36°C after Cardiac Arrest
N Engl J Med 2013;369:2197-2206

Table 2. Outcomes.
Hazard Ratio
or Risk Ratio
Outcome 33°C Group 36°C Group (95% CI)* P Value
no. /total no. (%)
Primary outcome: deaths at end of trial 235/473 (50) 225/466 (48) 1.06 (0.89-1.28) 0.51
Secondary outcomes
Neurologic function at follow-upy
CPC of 3-5 251/469 (54) 242/464 (52) 1.02 (0.88-1.16) 0.78
Modified Rankin scale score of 4-6 245/469 (52) 239/464 (52) 1.01 (0.89-1.14) 0.87
Deaths at 180 days 226/473 (48) 220/466 (47) 1.01 (0.87-1.15)  0.92
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Targeted Temperature Management
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Guidelines for the Management

of Severe Traumatic Brain Injury
3rd Edition

SUMMARY
Evidence from six moderate quality RCTs did not clearly demonstrate that
hypothermia was associated with consistent and statistically significant
reductions in all-cause mortality. However, patients treated with
hypothermia were more likely to have favorable neurological outcomes,
defined as GOS scores of 4 or 5.
Preliminary findings suggest that hypothermia may have higher chances
of reducing mortality when cooling is maintained for more than 48 hours.
Interpretation of results from this and other subgroup analyses based on
different aspects of the hypothermia treatment protocols were limited
due to small sample sizes. Potential confounding and effect modifying
factors that are not accounted for in the trials included in this analysis,
such as patients’ temperature at admission, limit these recommendations
to Level lll.




Hypothermia for traumatic head injury
Sydenham E,et al;Cochrane Database Syst Rev. 2009 Apr 15;(2):CD001048
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*Cochrane systematic reviews
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Authors’ conclusions

There is no evidence that hypothermia is beneficial in the treatment of head injury.
Hypothermia may be effective in reducing death and unfavorable outcomes for traumatic
head injured patients, but significant benefit was only found in low quality trials. Low quality
trials have a tendency to overestimate the treatment effect. The high quality trials found no
decrease in the likelihood of death with hypothermia, but this finding was not statistically
significant and could be due to the play of chance. Hypothermia should not be used except in
the context of a high quality randomized controlled trial with good allocation concealment.




The New England
Journal of Medicine

LACK OF EFFECT OF INDUCTION OF HYPOTHERMIA
AFTER ACUTE BRAIN INJURY

N Engl J Med 2001;344:556-63
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The New England
Journal of Medicine

LACK OF EFFECT OF INDUCTION OF HYPOTHERMIA
AFTER ACUTE BRAIN INJURY

N EnglJ Med 2001;344:556-63

TABLE 4. RATES OF POOR OUTCOME AND DEATH S1X MONTHS AFTER SEVERE BRAIN INJURY IN PATIENTS

TREATED WITH INDUCTION OF HYPOTHERMIA OR NORMOTHERMIA.

ToraL  No. (%) witH  Reramve Risk No. (%) RewlaTive Risk
TReaTmMeNT GRoOUP No. Poor Ourcome* (95% Cl)t P Vawe WhHoDep (95% Clit P VaLue
All pauentst 368 1.0 (0.8-1.2) 0.99 1.0(0.7-1.4) 0.79
Hypothermia 190 108 (57) 53 (28)
[ Normothermia 178 102 (57) 48 (27)
Patients with Glasgow coma 87 1.1 (05-1.4) 0.64 1.4(04-24) 0.35
scores of 3-4 on
admission
Hypothermia 50 39 (78) 22 (44)
Normothermia 37 27 (73) 13 (35)
Patients with Glasgow coma 281 09 (0.7-1.2) 0.55 1.0 (0.6-1.5) 0.71
scores of 5—-8 on admission
Hypothermia 140 69 ( 30 (21)
Normothermia 141 75 (53 32 (23)
Patients >45 years old 52 1.3(1.0-1.7) 0.08 1.0 (0.3-2.0) 1.00
Hypothermia 26 23 (88) 10 (38)
Normothermia 26 18 (69) 10 (38)

poor outcomeZ&,
RURTE|C
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Very early hypothermia induction in patients with severe
brain injury (the National Acute Brain Injury Study:
Hypothermia ll): a randomised trial

Guy L Clifton, Alex Valadka, David Zygun, Christopher S Coffey, Pamala Drever, Sierra Fourwinds, L Scott Janis, Elizabeth Wilde, Pauline Taylor,
Kathy Harshman, Adam Conley, Ava Puccio, Harvey S Levin, Stephen R McCauley, Richard D Bucholz, Kenneth R Smith, John H Schmidt,

James N Scott, Howard Yonas, David O Okonkwo Lancet NeurOl 2 011, 10 13 1_39
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* Primary outcome: 64 A £ M Glasgow outcome scale

Glasgow Outcome Scale (GOS)
1: DEAD
2: VEGETATIVE STATE
3: SEVERE DISABILITY
Able to follow commands/ unable to live independently
4: MODERATE DISABILITY
Able to live independently; unable to return to work or school
5: GOOD RECOVERY
Able to return to work or school




Very early hypothermia induction in patients with severe
brain injury (the National Acute Brain Injury Study:
Hypothermia ll): a randomised trial

Guy L Clifton, Alex Valadka, David Zygun, Christopher S Coffey, Pamala Drever, Sierra Fourwinds, L Scott Janis, Elizabeth Wilde, Pauline Taylor,
Kathy Harshman, Adam Conley, Ava Puccio, Harvey S Levin, Stephen R McCauley, Richard D Bucholz, Kenneth R Smith, John H Schmidt,

James N Scott, Howard Yonas, David O Okonkwo Lancet NeurO’ 2011’ 10 131_39
Poor outcome Died
n (%) RR(95%Cl) P n (%) RR(95%Cl) p
valuve valve
Primary analysis
All patients (n=97) 66 (58%) " - 20(21%) .
Hypothermia (n=52) 31(60%) 108(076-153) 067 12(23%) 130(058-2-89) 0.52
Normothermia (n=45)  25(56%) - - 8 (18%)

poor outcomeZF, FETEFELLIZWERHLHNLILY



Very early hypothermia induction in patients with severe
brain injury (the National Acute Brain Injury Study:
Hypothermia ll): a randomised trial

Guy L Clifton, Alex Valadka, David Zygun, Christopher S Coffey, Pamala Drever, Sierra Fourwinds, L Scott Janis, Elizabeth Wilde, Pauline Taylor,
Kathy Harshman, Adam Conley, Ava Puccio, Harvey S Levin, Stephen R McCauley, Richard D Bucholz, Kenneth R Smith, John H Schmidt,

James N Scott, Howard Yonas, David O Okonkwo Lancet NeurO’ 2 01 1; 10, 13 1_3 9
Hypothermia  Normothermia p value
(n=52) (n=45)
Received morphine 49 (94%) 39(87%) 0-30
Morphine dose (mg/h)* 65(24) 6-6(3-0) 0-88
Received any paralytic 51(98%) 37(82%) 0-01
Received pancuronium bromide 39 (75%) 26 (58%) 0-07 = 3 3 N >
Pancuronium bromide dose (mg/h) 49(27) 6-8(9-0) 030 ﬁ%/mﬁflcu—ca) :ﬁﬁﬁlb‘ g L\
Received mannitol 39 (75%) 27(60%) 011 mf&% §(s 705/_(/ \o X':t—;')f:
Mannitol dose (g/day)* 59(3) 51(60) 027
Received phenytoin 47 (90%) 42(93%) 072
Phenytoin dose (mg/day)* 224(251) 283 (311) 033
Administered vasopressors* 42 (81%) 32 (71%) 0-26
Daily therapeutic intervention score in ICU* 46(8) 40(7) 0-0006
Daily therapeutic intervention score after ICU discharge 17(18) 15(15) 0-46
Daily therapeutic intensity level *{ 54(23) 4.0(2.0) 0-002
Fluids administered (mL) 2375 (1240) 1159 (999) <0-0001
Cumulative fluid balance (mL)* 5286 (4285) 3099 (4080) 0.01
Negative fluid balance* 4(8%) 9(20%) 0-08
Caloric intake on day 5 (kcal) 761(732) 704 (800) 01
Data are mean (SD) or number (%). ICU=intensive care unit. *For the first 96 h after injury. 1 Calculated for treatments
administered to each patient in each 24-h period and mean values over 4 days were taken for each patient.
Table 3: Factors associated with medical treatment after hospitalisation




Very early hypothermia induction in patients with severe
brain injury (the National Acute Brain Injury Study:
Hypothermia ll): a randomised trial

Guy L Clifton, Alex Valadka, David Zygun, Christopher S Coffey, Pamala Drever, Sierra Fourwinds, L Scott Janis, Elizabeth Wilde, Pauline Taylor,
Kathy Harshman, Adam Conley, Ava Puccio, Harvey S Levin, Stephen R McCauley, Richard D Bucholz, Kenneth R Smith, John H Schmidt,

James N Scott, Howard Yonas, David O Okonkwo

Lancet Neurol 2011; 10: 131-39

Hypothermia  Normothermia p valve
(n=52) (n=45)
Serum sodium (mmol/L) 143(5) 143(6) 0-80
Serum potassium (mmol/L) 36(03) 3-8(0-2) 0-0005
Blood urea nitrogen (mmol/L) 43(29) 39(14) 0-28
Serum creatinine ( /L) 74 (36) 72(18) 0-66 N=|
— {3 CIREKINEE .
Prothrombin time (s)* 15(2) 14(3) 073 s
Partial thromboplastin time (s)1 34 (7) 31(5) 0-004 APTTEEb‘ g L\
Haemoglobin (g/L) 110(10) 110(10) 028
Platelet count (cells per pL)} 189(77) 209(74) 0-2
Serum magnesium (mmol/L)§ 0-8(01) 08(01) 0-46
Partial pressure of brain oxygen <6 mm Hg 19(39%) 18 (45%) 055
Partial pressure of arterial carbon dioxide (mm Hg)¥ 36(4) 37(3) 0-75
Partial pressure of arterial carbon dioxide <30 mm Hg 43(83%) 28 (62%) 0-02
Serum glucose (mmol/L) 7-6(2:0) 71(0-8) 012
Data are mean (SD) or number (%). Mean values were cakulated for each patient who had a value recorded from the
time of admission until discharge from the intensive care unit. Mean values are not corrected for the duration of
intensive care stay or the number of values collected for each patient. *Data missing for 11 patients in the hypothermia
group and 12 in the normothermia group. 1Data missing for two patients in the hypothermia group. $Data missing for
two patients in the hypothermia group. §Data missing for one patient in the hypothermia group. INot corrected for
temperature (alpha stat).
Table 4: Laboratory findings




Very early hypothermia induction in patients with severe
brain injury (the National Acute Brain Injury Study:
Hypothermia ll): a randomised trial

Guy L Clifton, Alex Valadka, David Zygun, Christopher S Coffey, Pamala Drever, Sierra Fourwinds, L Scott Janis, Elizabeth Wilde, Pauline Taylor,
Kathy Harshman, Adam Conley, Ava Puccio, Harvey S Levin, Stephen R McCauley, Richard D Bucholz, Kenneth R Smith, John H Schmidt,

N Scott, H dYi , David O Okonk . .
James N Sco oward Yonas, Davi 0NKWO Lancet NeurOI 2011, 10 131_39
Hypothermia (n=52)  Normothermia (n=45) pvaluve Number of episodes p value
Total Critical Total Critical Total  Critical  Hypothermia Normothermia
Neurological complications* 43(83%) 26(50%) 31(69%) 18(40%) o011 032 428 208 001

Increased ICP 37(71%) 14(27%) 27 (60%) 9(20%) 025 042 335 148 0-003

Decreased CPP 24 (46%) 21(40%) 16 (36%) 13 (29%) 029 024 82 54 0-27

Hydrocephalus 4(8%) 0(0%) 2(4%) 0 (0%) 068 099 4 2 013

New subdural haemorrhage 2(4%) 1(2%) 2(4%) 1(2%) 0-99 099 2 2 0-97
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Very early hypothermia induction in patients with severe
brain injury (the National Acute Brain Injury Study:
Hypothermia ll): a randomised trial

Guy L Clifton, Alex Valadka, David Zygun, Christopher S Coffey, Pamala Drever, Sierra Fourwinds, L Scott Janis, Elizabeth Wilde, Pauline Taylor,
Kathy Harshman, Adam Conley, Ava Puccio, Harvey S Levin, Stephen R McCauley, Richard D Bucholz, Kenneth R Smith, John H Schmidt,

Lancet Neurol 2011; 10: 131-39

James N Scott, Howard Yonas, David O Okonkwo

Poor outcome Died
n (%) RR (95%Cl) p n (%) RR (95% C1) p
valuve valuve
Subgroup analysis
| Diffuse brain injury (n=69) |42 (61%) 13 (19%) .
Hypothermia (n=37) 26 (70%) 144(095-217) 009 10(27%) 288(087-957) 008
Normothermia (n=32) 16 (50%) 3(9%)
[Surgically removed ] 14 (50%) 7 (25%)
haematomas (n=28)
Hypothermia (n=15) 5(33%) 0-44(022-0-88) 0.02 2(13%) 0-35(0-08-150) 016
Normothermia (n=13) 9(69%) 5(39%)

Data are number (%). RR-relative risk.

Table 2: Outcome and mortality rates
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Diverse effects of hypothermia therapy in patients with severe
traumatic brain injury based on the CT classification of the
Traumatic Coma Data Bank

Journal of Neurotrauma. -Not available-, ahead of print. doi:10.1089/neu.2014.3584.
Online Ahead of Editing: September 18, 2014
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Glasgow Outcome Scale (GOS)
1: DEAD
2: VEGETATIVE STATE
3: SEVERE DISABILITY
Able to follow commands/ unable to live independently
4: MODERATE DISABILITY
Able to live independently; unable to return to work or school
5: GOOD RECOVERY
Able to return to work or school




Prolonged mild therapeutic hypothermia versus fever control with tight
hemodynamic monitoring and slow rewarming in patients with severe
traumatic brain injury: a randomized controlled trial

Journal of Neurotrauma. -Not available-, ahead of print.
doi:10.1089/neu.2013.3197.
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Hypothermia Therapy after Traumatic Brain
Injury in Children

N Engl J Med 2008;358:2447-2256.
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Hypothermia Therapy after Traumatic Brain
Injury in Children

N EnglJ Med 2008;358:2447-2256.
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Figure 1. Temperature of Patients in the Hypothermia and Normothermia

Data are shown as means and 95% confidence intervals.
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Table 3. Primary and Secondary Outcomes.*

Relative Risk
Hypothermia Normothermia or Absolute
Group Group Difference

Outcome (N=108) (N=117) (95% Cl) P Value
Primary
PCPC score 4-6 — no./total no. (%) 32/102 (31) 23/103 (22) 1.41 (0.89 to 2.22) 0.14
Secondary
Overall mortality — no. (%) 23 (21) 14 (12) 1.40 (0.90 to 2.27) 0.06
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* Hypothermia vs. Normothermia

* Hypothermia: 32-33°C for 48-72 h, rewarmed
by 0-5-1:0°Cevery 12-24 h)

* Normothermia: maintained at 36:5-37-5°C

 Primary outcomel&3/M AR RDIETE

6 /39(15%) vs 2/38(5%) p=0-15
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Figure 3: Temperatures of patients during the first 5 days after randomisation
Error bars are SDs.
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Total Hypothermia Normothermia
Glasgow outcome scale*
Good outcome (scores 1-2) 44/76 (59%) 22/38 (58%) 22/38 (58%)
Poor outcome (scores 3-5) 32/76 (41%) 16/38 (42%) 16/38 (42%)
Glasgow outcome scale-extended pediatricst
Good outcome (scores 1-4) 38/75 (51%) 20/38 (53%) 18/37 (49%)
Poor outcome (scores 5-8) 37175 (49%) 18/38 (47%) 19/37 (51%)

Data are number of patients (%). *Between-group difference (p value=0-90). fBetween-group difference (p value=073).
Despite random assignment, there were missing data for two patients: one patient was lost to follow-up at 3 months,
and Glasgow outcome scale-extended pediatrics data were missing for one patient in the normothermia group.

Table 3: Secondary outcomes at 2 months after injury




Is therapeutic hypothermia beneficial for pediatric
patients with traumatic brain injury? A meta-analysis

Conclusions
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Hypothermia may slightly increase the risk of mortality in children
with traumatic brain injury and the ratio of cardiac arrhythmia
after this hypothermia therapy is slightly higher than that in
normothermia groups. In the future, more randomized controlled
trials and multicenter studies on the mechanism of therapeutic
hypothermia are required.
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