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Natural	course	of	neurological	
recovery	following	cardiac	arrest

COMA
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Brain Dead
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Patil KD et al. Circ Res. 2015 Jun 5;116(12):2041-9



The	“Chain“	of	Survival
Pekins GD et al Resuscitation 95 (2015): 81-99

Sutherasan Y et al. Best Pract Res Clin Anaesthesiol. 2015 Dec;29(4):411-2

The	current	challenges	of	cardiac	arrest:	
Post	cardiac	arrest	management



Mild	to	Moderate	Hypothermia	
in	Out-of-Hospital	Cardiac	Arrest
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Background



• Quasi-randomised, odd and even days

• 84 eligible patients, 77 included 

• Unscheduled interim analysis after 62 patients

• Unusual outcome measure: survival to hospital discharge 
with sufficiently good neurologic function to be discharged 
to home or to a rehabilitation facility.

• Uneven groups (43 vs 34 patients)

• Temperature in control group (37.1 -37.3 °C)

Bernard SA et al. N Engl J Med. 2002 Feb 21;346(8):557-63.



Good	outcome	in	hypothermia:	
normal	or	with	minimal	or	moderate	disability

Bernard SA et al. N Engl J Med. 2002 Feb 21;346(8):557-63.



✓ Less risk of bias/systematic errors!

✓ Included only 8 % of patients with ROSC

N Engl J Med 2002;346:549-56

HACA-trial

✓ Patients after ventricular fibrillation



HACA Investigators, N Engl J Med 2002;346:549-56

HACA-trial:	Hypothermia	Improves	Survival	!

P<0.01



HACA-trial: Hypothermia Compared with 
No Temperature Control = Fever!
HACA Investigators, N Engl J Med 2002;346:549-56



• Patients after out of hospital cardiac arrest 
   SHOULD UNDERGO HYPOTHERMIA at 32-34 °C 
   for 12-24 h in case of VF

• Hypothermia might be useful 
  for other type of arrest including 
  intra hospital cardiac arrest



Different	cooling	techniques	…	too	many	?	
Markota A et al. Signa Vitae. 2022.doi:10.22514/sv.2021.227



Cooling	Techniques	save	our	soul	&	body	!



TTM	in	OHCA:	a	clinical	protocol
Markota A et al. Signa Vitae. 2022.doi:10.22514/sv.2021.227



✓ infection

Temperature	Target	Management	
is	also	associated	with	potential	harm	!

✓ seizures

✓ arrhythmia

✓ major bleeding

Increased risk of: 

✓ delayed weaning 

✓ hemodynamic failure



Nielsen et al Int J Cardiol. 2011 Sep 15;151(3):333-41

Earlier Trials:

• Possible risk of systema3c errors
• Possible risk of being underpowered
• Inves3gated a selected group

Hypothermia	after	Cardiac	Arrest:	A	Metaanalysis



Nilsen N et al. Engl J Med 2013;369:2197-206



Target	Temperature	Management	
at	33	vs	36	°C	after	cardiac	arrest	

Nilsen N et al. Engl J Med 2013;369:2197-206



Dankiewicz J  N et al. Engl J Med 2021;384:2283-94



Hypothermia	vs	normothermia	
after	out	of	hospital	cardiac	arrest

Dankiewicz J  N et al. Engl J Med 2021;384:2283-94



Hypothermia	vs	normothermia	
after	out	of	hospital	cardiac	arrest

Dankiewicz J  N et al. Engl J Med 2021;384:2283-94



Hypothermic	versus	normothermic	temperature	
control	after	cardiac	arrest:	TTM1	+	TTM2

Holgersson J et al. N Engl J Med Evidence June 15, 2022

Effects on survival mRS at 180 d 



Hypothermic	versus	normothermic	temperature	
control	after	cardiac	arrest:	TTM1	+	TTM2

Holgersson J et al. N Engl J Med Evidence June 15, 2022

Severity & survival TTM & survival

Hypothermia improved good functional outcome 
in patients who had not received bystander cardiopulmonary resuscitation



Speed	of	cooling	after	cardiac	arrest	in	relation	to	the	
intervention	effect:	a	TTM2	trial	sub-study

Simpson RFG et al. Crit Care. 2022 Nov 15;26(1):356

Average temperature at 4 hours (240 min) after for each participating sites

Normothermia Hypothermia



Seven	predictor	variables	resulting	
in	a	3inal	score	ranging	from	0	to	10	
were	used	in	the	3inal	model	and	it	
was	named	MIRACLE2

• 0	–	2	=	LOW	risk	of	poor	neurologic	outcome
• 3	–	4	=	INTERMEDIATE	risk	of	poor	neurologic	outcome
• >	5	=	HIGH	risk	of	poor	neurologic	outcome



Speed of cooling after cardiac arrest in relation to the 
intervention effect: a TTM2 trial sub-study

Simpson RFG et al. Crit Care 2022 (accepted, in press)

Average temperature at 4 hours (240 min) after for each participating sites

Hypothermia group at all sites
- =<34 °C at 4 h («Fast» group)
- > 34 °C at 4 h («Slow» group)

Characteristics of «Fast» group
- Older (65.6 vs 63.7 years, p = 0.043) 
- Lower BMI (26.3 vs 28.0, p < 0.001). 
- Faster time from cardiac arrest to randomization
      (125 min vs 142 min, p < 0.001) 
-     Lower temperature at hospital admission (34.9 vs.35.5 °C, p < 0.01)



What	TTM	1	&	TTM2		trials	did	show	?

• Strictly	controlled	TTM	regiments	(32	°C	vs	36	°C	&	
33	°C	vs	36.5-37.7	°C	)	do	not	give	different	results

• Target	temperature	management	works	
					and		it	is	necessary	(with	data	available)

• The	importance	of	avoiding	fever	in	cardiac	arrest



Limitations	of		TTM	1	&	TTM	2		trials

❖ High	patients’	heterogeneity	
✓ shockable	and	non-shockable	rhythms
✓ no	age	limit

❖ Very	short	no-8low	time	and	a	large	number	of	
bystander-initiated	resuscitation	(implying	a	limited	
brain	injury)

❖ OHCA	patients	(generazibility	to	in	hospital?)



Lescarrou JB et al. N Engl J Med 2019;381:2327-37.

No differences 
in Survival



Targeted	temperature	management	and	cardiac	
arrest	after	the	TTM-1	&2	and	HYPERION	trials

Taccone FS et al. Crit Care (2021) 25:275

All the randomized studies on TTM after cardiac arrest 
are not entirely comparable !



Targeted	temperature	management	and	cardiac	
arrest	after	the	TTM-1	&2	and	HYPERION	trials

Taccone FS et al. Crit Care (2021) 25:275

All the randomized studies on TTM after cardiac arrest 
are not entirely comparable

❖ The TTM-2 study findings would be applicable:

✓ OHCA of cardiac causes

✓ Bystander CPR (i.e., short no-flow time and less severe initial anoxic injury)

✓ Patients with acute myocardial infarction and a low occurrence of shock on admission

❖ In patients with an initial non-shockable rhythm due to respiratory/hypoxic causes and 
hemodynamic instability:

✓ The use of hypothermia at 33 °C could be considered more effective than normothermia, 
in particular for in-hospital cardiac arrest (?)



TTM	after	Cardiac	Arrest:	A	Systematic	Review	
&	Meta-Analysis		with	Trial	Sequential	Analysis

San1ilippo	F	et	al.	J.	Clin.	Med.	2021,	10,	3943



TTM after Cardiac Arrest: A Systematic Review 
& Meta-Analysis  with Trial Sequential Analysis

Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943

❖ Effects on survival & neurologic outcome

➢ TTM (Temperature range of 32-34 °C)
➢Controls:
- “actively” controlled (avoiding fever) 
- “uncontrolled” normothermia (may hesitate in hyperthermia/fever)

❖ Serious adverse events



TTM	after	Cardiac	Arrest:	A	Systematic	Review	
&	Meta-Analysis		with	Trial	Sequential	Analysis

San1ilippo	F	et	al.	J.	Clin.	Med.	2021,	10,	3943



TTM	after	Cardiac	Arrest:	A	Systematic	Review	
&	Meta-Analysis		with	Trial	Sequential	Analysis

San1ilippo	F	et	al.	J.	Clin.	Med.	2021,	10,	3943

HF: hemofiltration; OHCA: out-of-hospital cardiac arrest; RW: rewarming; TTM: target temperature management; mRS: modified rankin
scale; CPC: cerebral performance category. * The control group not treated with HF was not considered (n = 19)



TTM after Cardiac Arrest: A Systematic Review 
& Meta-Analysis  with Trial Sequential Analysis

Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943

Effects on survival 



TTM after Cardiac Arrest: A Systematic Review 
& Meta-Analysis  with Trial Sequential Analysis

Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943

Effects on neurologic outcome



TTM after Cardiac Arrest: A Systematic Review 
& Meta-Analysis  with Trial Sequential Analysis

Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943

Adverse events
Arrhythmias

No differences in the incidence of:
✓ bleeding (RR 1.10 (95%CI 0.83, 1.44)) 
✓ pneumonia (RR 1.11 (95%CI 0.96, 1.29))



TTM after Cardiac Arrest: A Systematic Review 
& Meta-Analysis  with Trial Sequential Analysis

Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943

Trials sequential analysis
Survival at longest follow-up



TTM after Cardiac Arrest: A Systematic Review 
& Meta-Analysis  with Trial Sequential Analysis

Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943

Trials sequential analysis

Neurological outcome



TTM after Cardiac Arrest: A Systematic Review 
& Meta-Analysis  with Trial Sequential Analysis

Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943

Conclusions
❖ In CA survivors admitted to hospital, the implementation 

of TTM with a target temperature of 32 - 34 °C:
✓ does not improve survival nor neurological outcome 
✓ it increases the risk of arrhythmias

❖ Approaching temperature management with“uncontrolled” 
normothermia may be associated with worse outcomes and 
this should not be considered an option nowadays.

❖ For survival, robust evidence and no more studies are 
needed. 

❖ For neurological outcome current evidence is not robust 
enough - thus new research is needed.



No differences 
in survival at 180d & neurological outcomes

Wolfrum S et al. Circulation 2022; 146:000-000



The	Care	Consortium	&	STEPCARE	trial

The STEPCARE trial is an international, multicenter, parallel group, noncommercial, 
randomized, factorial, superiority trial to include 3100 patients

1. Continuous sedation for 36 h or minimal sedation (SEDCARE)
2. Fever management with or without a TTM device for 72 h (TEMPCARE)
3. A mean arterial pressure target of > 85mmHg or > 65mmHg for 36 hours (MAPCARE)

Follow-up will be performed at 30 days and 6 months after cardiac arrest including mortality, 
functional outcome and quality of life

1. Detailed cognitive outcome with focus on patients and caregivers
2. Prognostication to identify and validate early and accurate instruments and algorithm
3. Biobank with blood samples at 0, 24, 48, and 72 hours after the cardiac arrest


