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 Hypothermia decreases the cerebral metabolic rate for oxygen
(CMRO,) by about 6% for each 1°C reduction in core temperature
and this reduces the release of excitatory amino acids and the

production of free radicals. Resuscitation 2015; 95: 202-22.



Bernard Study (2002)

INDUCED HYPOTHERMIA AFTER OUT-OF-HOSPITAL CARDIAC ARREST

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

N Engl ] Med, Vol. 346, No. 8 - February 21, 2002

P- OHCA. VF

33°C/12h. 1&;R(~24h)
C. 37°C/24h
O: ;B[R D iR F SRR

HypoTHERMIA NORMOTHERMIA

OuTtcome* (N=43) (N=34)
number of patients
Normal or minimal disability (able to care for 15 7
self, discharged directly to home)
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

HACA Study (2002)

The New England

Journal of Medicine

MILD THERAPEUTIC HYPOTHERMIA TO IMPROVE THE NEUROLOGIC
OUTCOME AFTER CARDIAC ARREST

FEBRUARY 21, 2002

P: BE#&#HYOHCA. shockable
I:32-34°C/24h. E;R(8hLL L)
C: normothermia

O: 64 A &R D IFFHIERm

TABLE 2. NEUROLOGIC OUTCOME AND MORTALITY AT SIX MONTHS.

OuTCcoME NormoTHERMIA HyPOTHERMIA  Risk RATIO (95% CI)* P VaLuet

no./total no. (%)

Favorable neurologic outcome} 54 /137 (39) 75/136 (55)

Death 76/138 (55) 56,137 (41)

1.40 (1.08-1.81) 0.009
0.74 (0.58-0.95) 0.02
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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 1n October 2002:

® Unconscious adult patients with spontancous circulation
after out-of-hospital cardiac arrest should be cooled to
32°C to 34°C for 12 to 24 hours when the 1nitial rhythm
was ventricular fibrillation (VF).

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




Recommendations for fever prevention for 72 hours
were introduced in 2005.

European Resuscitation Council Guidelines for
Resuscitation 2005
Section 4. Adult advanced life support

Jerry P. Nolan, Charles D. Deakin, Jasmeet Soar, ) ]
Bernd W. Bottiger. Gary Smith Resuscitation (2005) 6751, $39—586
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Targeted Temperature Management ] === 36 Cgoup — 33°Cgroup
at 33°C versus 36°C after Cardiac Arrest ™|, ;,. = o |
374+ 1 | T T T T +7TT7T+ «TTTT++ 711 | _L-F-F-r-
N Engl ) Med 2013;369:2197-206. N i I A A A 2 g y
TTM study (2013) 2 35 \\ L LDl e T T ///
g 34 \\\5\ //
P: OHCA (H Z7&LAsystolefr<) = oadl | ]
I : 33°C/28h > 37°C~18;8(0.5°C/h) Y
C: 36°C/28h > 37°C~1§;E(0.5°C/h) 31-
O: trialfR TETHOLRILTEHR 30-
S o 1
(5 £B72hE T <37.5°C keep) e A
Hours since Randomization
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-upT
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



Targeted Temperature Management for 48 vs 24 Hours
and Neurologic Outcome After Out-of-Hospital Cardiac Arrest

A Randomized Clinical Trial 40-
JAMA July 25,2017 Volume 318, Number 4 - 24-hgroup -17T[ T[T
- £ 56 AMH
P: OHCA (B Z73LAsystolefx<) 5 :
I:33(+1)°C/48h S 34l 7 AR e A AR RN
C: 33(il)oC/Z4h g i 48-h group
O: 64 A& D MEFERIER)F 321
(A& EH72hET37°CHEE)
30—

-4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
Hours Since Target Temperature Reached

No. (%) of Patients

48-Hour Group 24-Hour Group Difference, % P
(n =175) (n=176) (95% CI) RR (95% CI) Value
Primary outcome: CPC 120 (69) 112 (64) 4.9 (-5to 14.8) 1.08 (0.93 to 1.25) .33

score of 1 or 2 at 6 mo

Secondary outcomes
Mortality at 6 mo 48 (27) 60 (34) -6.5(-16.1t0 3.1) 0.81(0.59to1.11) .19
Any adverse event 169 (97) 161 (91) 5.6 (0.6 to 10.6) 1.06 (1.01to 1.12) .03
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Targeted Temperature Management —@— Hypothermia group —@— Normothermia group
for Cardiac Arrest with Nonshockable Rhythm i l k ‘
N Engl ] Med 2019;381:2327-37. . l ‘ ‘ ‘ ‘ l l ] 1 4
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HYPERION study (2019) £ |l | T
3 359 A
4
P: OHCA/IHCA. non-shockable § ™ \\\ //
I:33(%*0.5)°C/24h > 18;8(0.25-0.5°C/h)
- 37(=%0.5)°C/24h n
C: 37(=%0.5)°C/48h
O: 90H & D IR FRIELRIF TS T 1§ 5 o D2 14 l6 15 20 22 24 26 25 %0 32 34 3 3 40 42 44 46 4 5 2 54 % % 60 &2 64
Difference Hours since Randomization
Hypothermia Normothermia or Hazard Ratio
Outcome (N=284) (N=297) (95% ClI)
CPC score of 1 or 2 on day 90 — no. (%) 29 (10.2) 17 (5.7) 4.5 (0.1t0 8.9)7
Cause of cardiac arrest — no. (%)
Asphyxia 158 (55.6) 162 (54.5)
Cardiac cause 79 (27.8) 79 (26.6)
Anaphylaxis 4 (1.4) 5(1.7)
Neurologic cause 7 (2.5) 6 (2.0)
Pulmonary embolism 10 (3.5) 12 (4.0)
Other medical cause 20 (7.0) 22 (7.4)
Trauma 1(0.4) 2 (0.7)
Drug poisoning 1(0.4) 7 (2.4)
Drowning 4 (1.4) 2 (0.7)



Hypothermia versus Normothermia
after Out-of-Hospital Cardiac Arrest

N Engl ] Med 2021;384:2283-94.

TTM?2 study (2021)

P: OHCA (B 73 L AsystolefF<)
I:33°C/28h > 37°C~18;8(0.33°C/h)
C: <37.8°C/40h

O: 6y ARDERTLE
(ME£&4172hE T 36.5-37.7°C keep)

Outcome or Event

Primary outcome: death from any cause at 6 mo

— no./total no. (%)

Main secondary outcome — no./total no. (%)

Score of 4-6 on modified Rankin scale at 6-mo

follow-upf

Serious adverse events — no./total no. (%)

Arrhythmia resulting in hemodynamic com-

promise

Hypothermia
(N=930)

465/925 (50)

488/881 (55)

222/927 (24)

Normothermia
(N=931)

446/925 (48)

479/866 (55)

152/921 (16)

Body Temperature (°C)

Relative Risk
(95% CI)*

1.04 (0.94-1.14)

1.00 (0.92-1.09)

1.45 (1.21-1.75)
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Individual differences in normal body temperature: longitudinal
big data analysis of patient records

BMJ 2017;359:j5468
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European Resuscitation Council and European
Society of Intensive Care Medicine Guidelines 2021:
Post-resuscitation care”

RESUSCITATION 161 (2021) 220 -269

Temperature control

e We recommend targeted temperature management (TTM)
for adults after either OHCA or in-hospital cardiac arrest
(IHCA) (with any initial rhythm) who remain unresponsive after
ROSC.

e Maintain a target temperature at a constant value between 32°C
and 36 °C for at least 24 h.

e Avoidfever (>37.7 °C) for at least 72 h after ROSC in patients who
remain in coma.

e Do not use pre-hospital intravenous cold fluids to initiate
hypothermia.




ERC-ESICM guidelines on temperature control

after cardiac arrest in adults
RESUSCITATION 172 (2022) 229-236

Table 2 - ERC-ESICM Recommendations for temperature control after cardiac arrest in aduits.

We recommend continuous monitoring of core temperature in patients who remain comatose after ROSC from cardiac arrest (good
practice statement).

We recommend actively preventing fever (defined as a temperature > 37.7 °C) in post-cardiac arrest patients who remain comatose (weak
recommendation, low-certainty evidence).

We recommend actively preventing fever for at least 72 hours in post-cardiac arrest patients who remain comatose (good practice
statement).

Temperature control can be achieved by exposing the patient, using anti-pyretic drugs, or if this is insufficient, by using a cooling device
with a target temperature of 37.5 °C (good practice statement).

There is currently insufficient evidence to recommend for or against temperature control at 32—36 °C in sub-populations of cardiac arrest
patients or using early cooling, and future research may help elucidate this. We recommend not actively rewarming comatose patients with
mild hypothermia after ROSC to achieve normothermia (good practice statement).

We recommend not using prehospital cooling with rapid infusion of large volumes of cold IV fluid immediately after ROSC (strong
recommendation; moderate certainty evidence).
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Duration of Device-Based Fever Prevention
after Cardiac Arrest

N Engl ] Med 2023;388:888-97.




BOX trial (2022)

Blood-Pressure Targets in Comatose Oxygen Targets in Comatose Survivors
Survivors of Cardiac Arrest of Cardiac Arrest
N Engl ] Med 2022;387:1456-66. N Engl ] Med 2022;387:1467-76.

OHCA (B Z7i L Asystolef&<) P: OHCA (B 272 L Asystolef&<)
mABP 63mmHg (lower blood pressure)

P:

I: I : PaO, 68-75mmHg (lower oxygenation)
C: mABP 77mmHg (higher blood pressure)

O:

C: Pa0, 98-105mmHg (higher oxygenation)
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e« 2017F3A ~2021F12R
e Denmark @) cardiac arrest center 28 E%
(Odense University Hospital & Rigshospitalet Copenhagen University Hospital)
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(ROSCH%& . #EMAIdevice B AIZ KSR D B IH)
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< Randomization >
e Web—based system

e Random permuted blocks of 2, 4 and 6 participants
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Criticool® and Allon® Thermogard XP® and Cool Line®
(Belmont Medical Technologies) (Zoll)

surface cooling Intravenous cooling



BOX TRIAL - DEVICE-BASED FEVER PREVENTION

RANDOMIZED, MULTICENTER TRIAL

Start Device-Based

Fever Prevention 36 h 72 h Endpoint

enp

=
Temperature ‘% % 3”2 B from
Control il any cause at 3
& 37°Cc =& : months or
Patients with = 36 hours discharge from

hospital in
Cerebral
Performance
Category 3 or 4

out-of-hospital
cardiac arrest of
presumed
cardiac cause,
sustained ROSC

and unconscious

72 hours

N
s R

Randomized at hospital arrival

b ] 1811
End of Device-Based
Fever Prevention
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< Primary outcome>
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* Cerebral Performance Category (CPC) = 3 or 4



A FRREEEH T TV —X7—IJL (Cerebral Performance Category Scale [Adult] ) *
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< Secondary outcome >

37 AFRTO

* Montreal Cognitive Assessment score (MoCA)
« modified Rankin Scale score (mRS)

e Cerebral Performance Category (CPC)



MONTREAL COGNITIVE ASSESSMENT (MOCA)

VISUOSPATIAL / EXECUTIVE
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Copy
cube
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Draw CLOCK (Ten past eleven) M M 0o CA score:

(3 points)

[ ]

Contour

[ ]

Numbers

e« 0~3084
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al;

MEMORY Read list of words, subject FACE | VELVET | CHURCH | DAISY | RED
must repeat them. Do 2 trials. - No
. 1st trial
Do a recall after s minutes. .
2nd triel e
ATTENTION Read list of digits (1digit/ sec.). Subject has to repeat them in the forward order [ ] 21854
Subject has to repeat them in the backward order [ ] 742 _/2
Read list of letters. The subject must tap with his hand at each letter A. No points if 2 2 errors
[ ] FBACMNAAJKLBAFAKDEAAAJAMOFAAB =i
Serial 7 subtraction starting at 100 [ ]o3 [ 186 [ 179 [ 172 [ ]6s
4 or 5 correct subtractions: 3 pts, 2 or 3 correct: 2 pts, 1 correct: 1 pt, o correct: 0 pt _/ 3
m Repeat : | only know that John is the one to help today. [ ]
The cat always hid under the couch when dogs were in the room. [ ] _/2
Fluency / Name maximum number of words in one minute that begin with the letter F [ ] (N 2 11 words) _/ 1
ABSTRACTION Similarity between e.g. banana - orange =fruit [ ] train-bicycle [ ] watch - ruler _ /2
DELAYED RECALL Has to recall words FACE VELVET | CHURCH | DAISY | RED Points for /5
UNCUED ]
WITH NO CUE [ ] [ ] [ ] [ ] [ ] recall only
Cat
Optional il
Multiple choice cue
OR ATIO [ ]pate [ ]Month [ ]vear [ ]pay [ ]Place [ Jcity /6
__/30

© Z.Nasreddine MD Version November 7, 2004 Normal 2 26 /30 TOTAL
www.mocatest.org

Add 1 point if £ 12 yr edu )




Modified Rankin Scale

No symptoms

No significant disability. Able to carry out all usual activities, despite
some symptoms.

Slight disability. Able to look after own affairs without assistance, but
unable to carry out all previous activities.

Moderate disability. Requires some help, but able to walk unassisted.
Moderate severe disability. Unable to attend to own bodily needs
without assistance, and unable to walk unassisted.

Severe disability. Requires constant nursing care and attention,

bedridden, incontinent.
Dead



< Statistical analysis>

BOX trial
(2022)

Blood-Pressure Targets in Comatose
Survivors of Cardiac Arrest

Oxygen Targets in Comatose Survivors
of Cardiac Arrest

—
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802 patients enrolled

FERIZRBLEMZEICEITH5ARAXETIX, LY TILHAX(ZE T

DEEMDE 27.5% %

2H I ADIZ, afiE 0.05. ¥ H 1 80% =Dt &




Assessed for eligibility,
n=1196

\ 4

Fulfilling inclusion
criteria, n=1008

[

A 4

[ Randomized, n=802 ]

* Younger than 18 years of age, n=9
* OHCA of non-cardiac origin, n=47

* ROSC not sustained > 20 min, n=17
* GCS> 8, n=119

>

TN\ [

o

Regained consciousness during screening, n=20
Females of childbearing potential, n=6

Known bleeding diathesis (medically induced coagulopathy (e.g., warfarin, NOAC,

clopidogrel) does not exclude the patient), n=7
Suspected or confirmed acute intracranial bleeding/stroke, n=16
Unwitnessed asystole, n=25
Known limitations in therapy and Do Not Resuscitate-order OR known disease
making 180 days survival unlikely, n=19
Known pre-arrest CPC 3 or 4, n=10
>4 h (240 min) from ROSC to screening, n=30
Systolic blood pressure < 80 mmHg despite fluid loading/vasopressor and/or
inotropic medication/ intra-aortic balloon pump/axial flow device, n=80
Temperature on admission < 30 °C, n=6
Other reasons:

* Unidentified/foreigner making follow-up impossible, n=6

* Logistical reasons, n=35

\
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[ Randomized, n=802 ]

' '

Temperature control 36 hours Temperature control 72 hours
(n=401) (n=401)
Randomized twice, n=1
Consent denied, n=7 Consent deniEd, n=5
\ 4 \
Temperature control 36 hours Temperature control 72 hours
ITT population reported, n=393 ITT population reported, n=396
No neurological outcome No neurological outcome
assessment, n=8 assessment, n=4
Dead before follow-up, n=132 Dead before follow-up, n=140
A 4 A 4

Neurological assessment at Neurological assessment at
3 months, n=253 3 months, n=252




Table 1. Baseline Characteristics of the Patients.*

Characteristic
Age —yr
Range
Male sex — no. (%)
Medical history — no./total no. (%)
Hypertension
Diabetes
Myocardial infarction
Atrial fibrillation
Heart failure
Chronic obstructive pulmonary disease
Stroke
Chronic kidney diseaseT
Renal-replacement therapy
Characteristics of the cardiac arrest
Shockable rhythm — no./total no. (%)
Pulseless electrical activity — no./total no. (%)
Witnessed asystole — no./total no. (%)
Witnessed arrest — no./total no. (%)
Bystander cardiopulmonary resuscitation — no./total no. (%)

First defibrillation by automated external defibrillator
— no./total no. (%)

Time to return of spontaneous circulation — minz;
Findings and procedures at hospital arrival

pHS

Lactate level — mmol/liter

ST-segment elevation in ECG — no./total no. (%)

Immediate coronary angiography performed — no. (%)

PCI performed — no./total no. (%)

Temperature Control

for 36 Hr
(N=393)

62+13
18-90
320 (81)

186/393 (47)
47/392 (12)
93/391 (24)
72/390 (18)
71/391 (18)
26/391 (7)
25/392 (6)
20/392 (5)

1/392 (<1)

334/392 (85)
17/392 (4)
15/392 (4)

338/392 (86)

340/385 (88)
92/386 (24)

21+13

7.20£0.13

5.9+3.8
172/388 (44)

359 (91)
161/359 (45)

Temperature Control

for 72 Hr
(N=396)

63+14
18-89
316 (80)

176/394 (45)
53/395 (13)
79/396 (20)
55/395 (14)
66/396 (17)
37/396 (9)
34/396 (9)
19/396 (5)

3/396 (1)

333/395 (84)
18/395 (5)
15/395 (4)

334/396 (84)

339/391 (87)
90/390 (23)

21+15

7.21£0.13
5.843.9

178/385 (46)
363 (92)

175/361 (48)
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Temperature control for 36 hr 36 hours vs. 72 hours
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Table 2. Outcomes and Adverse Events.*

Outcome or Event

Primary outcome

Death from any cause or CPC of 3 or 4 at discharge
within 90 days — no. (%)

Secondary outcomes
Death from any cause within 90 days — no. (%)
Median CPC among patients alive at 3 mo (IQR)7

Median modified Rankin scale score among patients
alive at 3 mo (IQR)

Median Montreal Cognitive Assessment score
among patients alive at 3 mo (IQR)§

Adverse events — no. (%)

Infection in ICUY|

Arrhythmia in ICU |

Any bleeding**

Uncontrolled bleeding**

Acute kidney injury with renal-replacement therapy
Electrolyte disorder{

Metabolic disorderii

Seizuref§

Temperature Control
for 36 Hr
(N=393)

127 (32.3)

116 (29.5)
1 (1-5)
1 (0-6)

26 (24-29)

102 (26.0)
62 (15.8)
84 (21.4)
17 (4.3)
39 (9.9)
30 (7.6)

34 (8.7)

84 (21.4)

Temperature Control
for 72 Hr
(N=396)

133 (33.6)

120 (30.3)
1 (1-5)
1 (0-6)

27 (24-28)

110 (27.8)
47 (11.9)
90 (22.7)
21 (5.3)
42 (10.6)
27 (6.8)
28 (7.1)
80 (20.2)

Hazard Ratio
(95% Cl)

0.99 (0.77-1.26)

0.97 (0.75-1.26)

Relative Risk
(95% Cl)

0.96 (0.82-1.11)
1.19 (0.95-1.50)
0.96 (0.82-1.13)
0.90 (0.67-1.21)
0.96 (0.77-1.20)
1.06 (0.80-1.41)
1.12 (0.84-1.49)
1.04 (0.87-1.24)

P Value

0.70

0.56
0.11
0.65
0.52
0.75
0.66
0.41
0.69




Probability of Survival

No. at Risk

Temperature control for 36 hr
Temperature control for 72 hr

1.0-
0.9-
0.8+
0.7-
0.6-
0.5
0.4
0.3
0.2

0.1-

0.0

Temperature control for 36 hr

Temperature control for 72 hr

393
396

15

293
289

30 45 60 75 90

Days since Randomization

281 276 274 268 267
279 275 273 268 266



Temperature = Temperature

Control for Control for
Subgroup 36 Hr 72 Hr Hazard Ratio (95% Cl)
no. of patients
All patients 393 396 e m— 0.9 (0.77-1.26)
Sex :
Male 320 316 — 1.07 (0.81-1.42)
Female 73 79 : 0.75 (0.44-1.28)
Age E
At or above median 205 197 . 0.99 (0.72-1.34)
Below median 187 198 : 1.03 (0.69-1.54)
Hypertension X
Yes 186 176 _ 0.85 (0.60-1.20)
No 202 216 —_— 1.22 (0.86-1.73)
Renal impairment E
Yes 20 19 - 1.04 (0.43-2.50)
No 366 376 — 1.00 (0.77-1.29)
COPD :
Yes 26 37 - 0.80 (0.39-1.65)
No 361 357 —_— 1.05 (0.80-1.36)
Shockable rhythm E
Yes 352 354 R T — 1.06 (0.81-1.38)
No 40 41 . 0.64 (0.35-1.18)
STEMI X
Yes 172 178 _— 0.98 (0.68-1.40)
No 216 207 —_— 1.03 (0.73-1.45)
Research site E
Copenhagen University Hospital 250 253 —_— 0.99 (0.73-1.34)
Rigshospitalet :
Odense University Hospital 143 143 -: 0.97 (0.64-1.47)
0.110 0.I50 0.75 1.60 1.40 2.00 3.I00

- !

36 Hr Better 72 Hr Better

Figure 3. Subgroup Analysis of the Primary Outcome.

Data are from prespecified subgroup analyses of the primary outcome (death from any cause or discharge from hospi-
tal with a Cerebral Performance Category of 3 or 4). The forest plot shows the hazard ratios with 95% confidence inter-
vals. COPD denotes chronic obstructive pulmonary disease, and STEMI ST-segment elevation myocardial infarction.




<Discussion>
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< Limitation>
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< Conclusion>

Active device—based fever prevention for 72 hours or 36hours

after cardiac arrest did not result in significantly different

percentages of patients dying or having severe disability or coma.
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