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Figure 1. Clinical questions related to therapeutic hypothermia for out-of-hospital cardiac arrest. There are clinical questions
related to therapeutic hypothermia for out-of-hospital cardiac arrest that remain to be resolved, such as the optimal candidate
of therapeutic hypothermia for out-of-hospital cardiac arrest, optimal cooling techniques for therapeutic hypothermia, optimal
target core temperature during hypothermia, optimal induction timing as the time windows of opportunity for therapeutic hypo-
thermia, optimal duration of cooling, and optimal timing of rewarming.

Yokoyama H et al. Circ J. 2011.



AHA 2015

We recommend that comatose adult patients with ROSC after cardiac
arrest have TTM.

Class I, LOE B-R for VF/pVT OHCA
Class |, LOE C-EO for non-VF/pVT and in-hospital cardiac arrest

We recommend selecting and maintaining a constant temperature
between 32°C and 36°C during TTM (Class |, LOE B-R).

It is reasonable that TTM be maintained for at least 24 hours after
achieving target temperature (Class lla, LOE C-EO).

AHA 2010TlZ%, 12-24K5A.
2015 TlE, 2 DDOKIFEERCTICEHLE C24KHEICEE I N7,
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HACA Study Group

MILD THERAPEUTIC HYPOTHERMIA TO IMPROVE THE NEUROLOGIC
OUTCOME AFTER CARDIAC ARREST

THE HYPOTHERMIA AFTER CARDIAC ARREST STubDY GROUP*

32°C vs 34°C for 24h

TABLE 2. NEUROLOGIC OUTCOME AND MORTALITY AT SIX MONTHS.

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

no./total no. (%)

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

Hypothermia after Cardiac Arrest Study Group. N Engl J Med. 2002.



TTM trial

ORIGINAL ARTICLE

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

33°C vs 36°C for 24h

/ Box A: 4 hours Box B: 24 hours Box C: 8 hours
Achievement of Maintenance of target temperature rewarming to
Target |} | | normo thermia.
Temperature

< CT of neck/head, coronary angiography, PCI, other diagnostics and interventions when indicated
Ph 2
>

f‘
Sedation mandatory

Start of intervention as soon as
\ possible after sustained ROSC

Nielsen N et al. N Engl J Med. 2013.




TTM trial

Table 2. Outcomes.

QOutcome

Primary outcome: deaths at end of trial
Secondary outcomes
Neurologic function at follow-upy
CPC of 3-5
Modified Rankin scale score of 4-6

Deaths at 180 days

33°C Group

36°C Group

no./total no. (%)

235/473 (50)

251/469 (54)
245/469 (52)
226/473 (48)

225/466 (48)

242/464 (52)
239/464 (52)
220/466 (47)

Hazard Ratio
or Risk Ratio
(95% Cly*

1.06 (0.89-1.28)

1.02 (0.88-1.16)
1.01 (0.89-1.14)
1.01 (0.87-1.15)

P Value

0.51

0.78
0.87
0.92




J-PULSE-HYPO Study (H#)

Impact of Therapeutic Hypothermia in the Treatment
of Patients With Out-of-Hospital Cardiac Arrest
From the J-PULSE-HYPO Study Registry

Table 4. Clinical Characteristics of Patients With Favorable Neurological Outcome (CPC 1/2) and Poor Neurological Outcome (CPC
23) at 30 days
>
CPC 1{r12=2t'53? days CPC E':Lazto:izl; days P value
Age 55.6+14.0 62.3x11.7 <0.001
Male (%) 205 (82.0) 168 (83.2) NS
Witnessed cardiac arrest (%) 228 (91.2) 164 (81.2) <0.01
Bystander CPR (%) 137 (54.8) 94 (46.5) NS
Median interval from collapse to ROSC (median; min) 19 (14-28) 38 (27-53) <0.0001
Median interval from collapse to hospital arrival (median; min) 30 (23-40) 34 (27-44) <0.01
Interval from collapse to induction of TH (median; min) 80 (45-165) 90 (51-173) NS
Interval from ROSC to induction of TH (median; min) 55.5 (24-141) 59.5 (16—135) NS
Interval from induction of TH to achieving target core temperature (median; h) 3.3 (1.7-6.0) 2.3(1.0-4.9) <0.01
Target core temperature (°C) 33.9+05 33.9+0.4 NS
Infusion of 4°C ice-cold fluid (%) 147 (55.8) 108 (53.4) NS
Cooling method: surface cooling (%) 136 (55.0) 92 (46.0) NS
ﬁ)uration of cooling (median; h) 25 (24-42) 26 (24—44.5) NS

36 IR orL/U:’C\\Zﬁi COVTTET Y 2 &, FRICEIRRUVLA36RHEL E
HTEEERVERI iﬂéﬂubt

Yokoyama H et al. Circ J. 2011.
AHA Scientific Sessions 2009 abstract. Circulation. 2009;120:5S1484-S1485



®AE=EHRME (BEH)

Outcome and adverse events with 72-hour cooling at 32°C as compared to 24-hour
cooling at 33°C in comatose asphyxial arrest survivors ™

Table 2
Neurologic outcome at 30 days

33°C-24 h group (n = 41) 32°C-72 h group (n = 38) P

CPC1

1(2.4) 0 (0.0) 620
CPC 2 0 (0.0) 1(2.6)

CPC 3 2 (4.9) 0 (0.0)

CPC 4 17 (41.5) 17 (44.7)

CPC 5 21 (51.2) 20 (52.6)

CPC 1, 2 1(2.4) 1(2.6) 1.000
CPC3-5 40 (97.6) 37 (97.4)

Lee BK et al. Am J Emerg Med. 2014.
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Patients Inclusion Criteria

Inclusion criteria

1. Age >17 years and <80 years
2. Out-of-hospital cardiac arrest (OHCA) with a presumed cardiac origin

3. Sustained spontaneous circulation after resuscitation (no need for cardiac compressions during 20 min and
clinical signs of circulation)

4. Glasgow Coma Score (GCS) <8 on admission



Patients Exclusion Criteria

Exclusion criteria

1. Estimated time interval from collapse to return of spontaneous circulation >60 min

2. Cardiac arrest (CA) of presumed non-cardiac cause (e.g. trauma, aorta dissection, intracerebral disease,
massive bleeding, hanging or hypoxemia)

3. In-hospital cardiac arrest

4. Terminal disease or ‘not-to-be reanimated’ orders

5. Severe coagulopathy (anticoagulant therapy, including thrombolysis, was however not an exclusion criteria)
6. Unwitnessed OHCA with asystole as first rhythm

7. Time from cardiac arrest to initiation of cooling >240 min

8. Pregnancy

9. Previous neurological disease with cognitive impairment (Cerebral Performance Categories score 3 or 4)

10. Persistent cardiogenic shock, systolic blood pressure <80 mmHg despite vasoactive treatment and/or aortic
balloon pump intervention

11. Suspected or confirmed acute intracerebral bleeding
12. Suspected or confirmed acute stroke
13. Acute coronary artery bypass surgery

14. Lack of consent from next of kin or general practitioner/medical officer of health or from the patient if they
woke up and was capable. This criterion was used in accordance with local ethical requirements.
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Intervention
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Outcome

Primary Outcome  6»'B TOMBRFHNF%
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Randomization

L1 TN AEEEXWRBELICEIY (TS
web-based central randomization
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Statistical analysis/sample size

fEH 1180% (P=0.05) , Z15% (50%vs65%)
—sample size 338 A

o« IR KE5%—sample size 355\

eintention-to-treat analysis



Patients Characteristics

Figure 1. Screened, Excluded, and Included Patients in the Study
of Targeted Temperature Management

907 Patients admitted to ICU after
OHCA and assessed for eligibility

552 Excluded
191 Did not meet inclusion
criteria®
242 Met exclusion criteria?
52 No consent provided
23 Excluded for other reasons®

44 Not screened because study
teams were not available

355 Ran

/,.
I\\,\_

-

domized \.

176 Randomized to receive 48-hour
targeted temperature management
175 Received the intervention
as randomized
1 Did not receive intervention
due to incorrect randomization
(did not fullfill inclusion
criteria)

Y

179 Randomized to receive 24-hour
targeted temperature management
179 Received the intervention
as randomized

¥

175 Completed the trial

Y

176 Completed the trial
2 Withdrew consent

1 Lost to follow-up
(known to be alive)d

¥

175 Included in primary analysis

175 Included in secondary
outcome analysisd

164 Included in per-protocol
analysis for primary outcome

164 Included in per-protocol
analysis for secondary outcomes?

176 Included in primary analysis

177 Included in secondary
outcome analysis®

172 Included in per-protocol
analysis for primary outcome

173 Included in per-protocol
analysis for secondary outcomes?

2013%F1H - 2016F6H



Patients Characteristics

Table 1. Baseline and Prerandomization Characteristics of the Intention-to-Treat Population

No. (%) of Patients

48-Hour Group 24-Hour Group
(n=175) (n=176)
Demographic characteristics
Age, mean (5D), y 61(12) 60 (12)
Male sex 144 (82.3) 148 (84.1)
Weight, mean (5D}, kg? 86 (17) 86 (16)
Neurologic function before arrest
Mormal, CPC score 1 172 (98) 169 (96)
Some disability, CPC score 2 3(2) 7(4)
Medical history
Previous myocardial infarction 28 (16) 26 (15)
Previous PCl or CABG 29(17) 26 (15)
Previous cardiac arrest 0 3(2)
Chronic heart failure (NYHA class IV) 5(3) 13 (7)
Chronic obstructive pulmonary disease 13 (7) 11 (6)
Liver cirrhosis 3(2) 0
Chronic renal failure with dialysis 1(<1) 1(<1)
Diabetes mellitus 35 (20) 28 (16)
Immunosuppression 2 (<1) 1(<1)

Previous stroke 11 (6) 14 (8)



Patients Characteristics

Cardiac arrest location
Home
Public place
Other out-of-hospital
Arrest witnessed
Bystander
Emergency medical services
Unwitnessed"”
Resuscitation factors
Bystander-initiated CPR
Shockable rhythm
AED used
Time to basic life support, median (IQR), min?
Time to advanced life support, median (IQR), min©
Time to return of spontaneous circulation, median (IQR)¢
Mechanical chest compression used
Out-of-hospital treatment
Epinephrine
Amiodarone
Immediate interventional cardiology
Coronary angiography
Percutaneous coronary intervention

89 (51)
70 (40)
16 (9)

153 (87)
7(4)
15 (9)

147 (84)
160 (91)
38 (22)
1(0-2)
8 (5-11)
20 (15-30)
43 (25)

110 (63)
79 (45)

146 (83)
76 (43)

102 (58)
66 (38)
8 (5)

147 (84)
15 (9)
14 (8)

144 (82)
152 (86)
43 (24)
1(0-2)
8 (5-11)
21 (16-27)
47 (27)

109 (62)
68 (39)

144 (82)
69 (39)



Patients Characteristics

Clinical status on ICU admission

Receiving mechanical ventilation at ICU admission

Glasgow Coma Scale score,

median (IQR)"

Time from ICU admission to randomization, median (IQR), h

Temperature, mean (SD), °C'

Mean arterial blood pressure, mean (SD), mm Hg®
Lactate, median (IQR}), mg/dL"
Creatinine, mean (5D), mg/dL

pH, mean (5D)

Pao,, median (IQR), mm Hg

Paco,, mean (SD), mm Hg

175 (100) 176 (100)
3(3-3) 3(3-3)
15.2 (5.9-19.9) 15 (7.5-19.5)
35 (1.1) 34.9 (1.0)
82 (21) 80 (18)
23.4 (12.6-40.5) 24.3 (13.5-45.9)
1.2 (0.7) 1.2 (0.4)
7.27 (0.10) 7.27 (0.10)
118 (91-183) 120 (90-176)
46 (10) 45 (10)
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48h vs 24h
61 vs 607K
91 vs 93%
84 vs 82%
91 vs 86%
20 vs 21493



Intervention Results

Table 2. Timing, Methods, and Results of the Cooling Intervention With Included Protocol Violations

48-Hour Group 24-Hour Group
(n=175) (n =176) P Value
Time to intervention, median (IQR), min
Time from ROSC to start of TTM? 102 (47-174) 112 (33-185) .92
Time from ROSC to achievement of target temperature® 281 (217-360) 320 (241-404) .01 |
TTM methods used, No. (%)
Surface cooling® 75 (43) 81 (46) .55
Invasive cooling catheter® 114 (65) 104 (59) .24
Cold fluid bolus 65 (37) 58 (33) A1
Rewarming, mean (SD)
Rate, °C/h 0.3(0.2) 0.4 (0.2) .08
Rewarming duration, h 10 (4) 10 (3) .65

Protocol violations

Rewarmed to 36°C or above before scheduled time 11 (6.3) 3(1.7) .03
(protocol violations), No. (%)

Bradycardia or conduction disturbance
Arrhythmia

Refractory cardiac arrest

Circulatory shock

Excessive sedation requirement

Brain death

Equipment problem

o = O = N =W W
= O Mo O O O O

Unspecified
Temperatures after TTM, mean (SD), °C
|60 h from target temperature 37.0(1.0) 37.2 (0.6) .02 |
72 h from target temperature 37.2(0.8) 37.4(0.7) .16

HiZm~ DERRFE], A&
60FFEIEIB COMRICEREDH V)




Intervention Results

Figure 2. Core Temperature of the Intervention Groups

40+
24-hgroup - TTITTTITTT-7 T ITTTITITIT] I
384 T
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° ] ] ” I l ,T until 72 hours after achieving target
S 36+ L ¢l temperature (=34°C [dotted
< “"_ "1 : horizontal line]), with TO defined as
£ 111 ,." ' . the time target temperature was
E 344 I}{‘ . reaChed. Temperature data were
S 44444111227 [+ 48-hgroup available for 347 of 352 patients and
3. | [1]1° were recorded with variable
B frequency (median, 188; interquartile
range, 61-798) during the depicted
304 - period, with no statistically significant
-4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 difference in frequency between
Hours Since Target Temperature Reached groups (P = 15). Values are presented

as mean +2 SDs.




Outcome

Table 3. Primary and Secondary Outcomes After Targeted Temperature Management

48-Hour Group 24-Hour Group Relative Risk or Ratio of
(n=175) (n=176) Difference, % (95% ClI) Geometric Means (95% CI) P Value
Primary outcome, No. (%)
CPC score of 1 or 2 at 6 mo?® 120 (69) 112 (64) 4.9 (-5to 14.8) 1.08 (0.93 to 1.25) .33

HREFPRTRICEEERL




Outcome

Table 3. Primary and Secondary Outcomes After Targeted Temperature Management

48-Hour Group 24-Hour Group Relative Risk or Ratio of
(n = 175) (n=176) Difference, % (95% Cl) Geometric Means (95% Cl) P Value
Primary outcome, No. (%)
CPC score of 1 or 2 at 6 mo?® 120 (69) 112 (64) 4.9 (-5 to 14.8) 1.08 (0.93 to 1.25) 33
Secondary outcomes, No. (%)
ICU mortality 26 (15) 30 (17) -2.1(-9.7 to 5.5) 0.88 (0.54 to 1.42) .59
Hospital mortality 40 (23) 44 (25) -2(-10.9 to 6.9) 0.92 (0.63 to 1.34) .66
| Mortality at 6 mo 48 (27) 60 (34) -6.5(-16.1t03.1) 0.81(0.59t01.11) .19 |
Adverse events, No. (%)
|Any adverse event 169 (97) 161 (91) 5.6 (0.6 to 10.6) 1.06 (1.01to 1.12) .03|
Pneumonia 86 (49) 76 (43) 6.2 (-4.2t016.6) 1.14(0.91to 1.44) 24
Any bleeding 17 (10) 23 (13) -3.3(-9.9t0 3.3) 0.75 (0.41 to 1.35) 33
Resource use, median (IQR)

Time receiving mechanical ventilation, h®¢ 120 (99 to 146) 87 (72 to 106) 26 (16 to 36) 1.37 (1.19 to 1.59) <.001
Survivors, h 121 (98 to 149) 85 (69 to 105) 28 (18 to 38) 1.41 (1.22 to 1.64) <.001
Nonsurvivors, h 107 (71 to 163) 151 (89 to 256) -79 (-205 to 48) 0.71 (0.37 to 1.37) .35

ICU length of stay, h* 151 (127 to 178) 117 (99 to 138) 28 (15 to 41) 1.3(1.14 to 1.47)° <.001
Survivors, h 184 (141 to 240) 134 (103 to 175) 30 (17 to 44) 1.37 (1.22 to 1.54) <.001
Nonsurvivors, h 92 (66 to 129) 88 (64 to 121) 9 (-25 to 44) 1.04 (0.66 to 1.64) .86

Hospital length of stay, d° 11.1(9.3t0 13.3) 11.8 (9.9to0 14.1) -0.85(-2.6t00.9) 0.94(0.79t01.11) .50
Survivors, d 15.9 (12.6 to 20) 17.2 (13.7 to 21.6) -1.15(-3.1t0 0.8) 0.93 (0.8 to 1.06) .28

Nonsurvivors, d 51(3.6t07.1) 5.3(3.8t0 7.5) 0(-1.9to 1.9) 0.95 (0.64 to 1.41) .79
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Outcome

Figure 3. Probability of Death With Standard and Prolonged Targeted Temperature Management.

501
HR, 0.79 (95% Cl, 0.54-1.15)
Log-rank P=.21
40
X 304 24-h group
=
= 48-h group
=
S 20
10+
0 T T T 1
0 50 100 150 200
Days Since Randomization
No. at risk
48-h group 175 131 128 128 127
24-hgroup 177 125 117 120 117

Kaplan-Meier probability of death
from randomization to 6 months
(200 days) in the study groups.
Median follow-up time was 184 days
(IQR, 33-196 days) in the 48-hour
group and 181 days (IQR, 15-193 days)
in the 24-hour group.



Discussion
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Limitation
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AT & D ELER

TTHA8 trial TTM trial J-PULSE-HYPO
(48h vs 24h) (33°C vs 36°C) registry
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)
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Subgroup Analysis

eFigure 1. Forest plot of 8 preplanned sub-group analyses of factors related to 6-month functional outcome®. The horizontal bars indicate risk ratios with 95% ClI.

48-hour 24-hour Risk ratio Risk ratio
Subgroup Good outcome/patients 95% CI 95% Cl Test of
Age
< 60 years 68/82 59/82 1.15{0.98-1.36) T p=0.57
> 60 years 52/93 53/94 0.99(0.77-1.28) —_—————
Bystander CPR
Yes 104/147 97/145 1.09(0.94-1.27) - p=0.76
No 13/28 15/31 0.96 (0.56-1.54)
Initial rhythm
Shockable 116/160 101/151 1.08 (0.94-1.26) p=0.33
Non-shockable 4/15 11/25 061 (0.23-1.56) g
Time to ROSC
< 25 minutes 94/116 88/121 1.11{0.97-1.28) p=0.71
> 25 minutes 24/57 23/54 0.99(0.64-1.53)
Cooling method
Invasive 75/107 64/101 1.11(0.91-1.34) p=0.95
Nen-invasive 33/54 31/55 1.08 (0.79-1.49)
Time to target temperature
< 240 minues 36/59 28/43 0.94 (0.69-1.26) p=0.47
> 240 minues 82/113 81/131 1.16 (0.97-1.38)
OHCA-score
520 105/138 99/140 1.08(0.93-1.24) 5 p=0.92
> 20 15/37 13/36 1.12 (0.63-2.01)
Study site
Largest site 46/66 46/69 1,05 (0.83-1.32) p=0.85
All other sites 74/109 66/107 1.1(0.9-1.34)
—
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no./total no. (%)

I
VF/pVT 80/96 (83)
Others 16/96 (17)
D R
tk3&  42/96 (44)
MER 54/96 (56)
CPClor2 64/96 (67)
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St.M Anti-Shivering protocol

#Fili BSAS >INV > D DF

Bedside Shivering Assessment Scale Anti-shivering protocol

Score |iE: Step | &ART Y I E2053IAICEE
WA i - TARD - BIEEDAREE T S | PEUA1000mg—H0F—L1000mg q6hr

0L =)W O = EBEbiR N L (4488 < S0kgDiR&{215mg/kg)

Skin counter warrnil%
(AF—)\F—™T43T)

1 | RPF>L(fAMg 3-4mg/dL=ER)
HERE : BEAEMg 2A+ 4 #10ml(40mEg/50ml)

1:88E MEEp-MEDEESMELLI(E
mHCOHFBBLES I

1mg/dLES 2.0ml/hr TS
1~1.5mg/dL 1.0ml/hr TR
1.6mg/dLELE 0.5ml/hrTHbS

2-thEfE | EEf - BmEficmz _EEo 71 >4= )L 50pg bolus+30pg/hrTHES

AEZRBEFESO/INUT

3:EE | #Esls L TROFESR
BEESD/(UYT

3 | omLezeA

#B0 NFECREHEI8S
JORIA—N lmtl:j/ bolus—3ml/kg/hr
ex) 50kg?z55ml bolus LT 15mg/hr TR

#ERC MEAYEL VRS
=43 [y 0.1mg/kg bolus—=0.09mg/kg/hr
ex) 50kgiz55ml bolus L T4.5mg/hrTE M

AA0°"721 0.1 bolus
4 FyiceEay, 5A+ﬁ§%ml{1mgfml}f2~4mlfhr

g 443

1 & (5T =) O 5NTZBRIEStepl ST AR
FElE U RERN (CIRRRIED™T



