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• Quasi-randomised, odd and even days

• 84 eligible patients, 77 included 

• Unscheduled interim analysis after 62 patients

• Unusual outcome measure

• Uneven groups (43 vs 34)

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

• Hospital discharge as outcome

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



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

Good	outcome:	
normal	or	with	minimal	or	moderate	disability



Less risk of bias/systematic errors!

Included only 8 % of patients with ROSC
N	Engl	J	Med	2002;346:549-56

HACA-trial



N	Engl	J	Med	2002;346:549-56

HACA-trial:
Hypothermia Improves Survival !



HACA-trial: Hypothermia Compared with No 
Temperature Control = Fever!

N	Engl	J	Med	2002;346:549-56



• Patients after out of hospital cardiac arrest
SHOULD UNDERGOHYPOTHERMIA 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





Nielsen et al Int J Card 2010

Earlier	Trials:

• Possible	risk	of	systematic	errors
• Possible	risk	of	being	underpowered
• Investigated	a	selected	group

Hypothermia after Cardiac Arrest: A Metaanalysis



Project

✓ There is a need for a sufficiently large 
clinical trial evaluating two target 
temperature management regimens
- both avoiding fever

✓ The study population should be 
inclusive and representative

N	Engl	J	Med	2013;369:2197-206



TTM	1	Trial



Main	objective

To	assess	the	efficacy	and	safety	of	a	

target	temperature	management	of	

33°C	versus	36°C	

after	resuscitation	from	

out-of-hospital	cardiac	arrest	of	cardiac	
cause.

N	Engl	J	Med	2013;369:2197-206



N	Engl	J	Med	2013;369:2197-206



• Enrolled 939	pts

• Open	intervention

• Standardised	rules	for	prognostication

• Standardised	rules	for	withdrawal	of	life	support

• Blinded	outcome	assessment

TTM1

N	Engl	J	Med	2013;369:2197-206



• INCLUSION	CRITERIA

• All	cardiac	arrest		from	cardiac	cause
• All		initial	Rhythms
• Unconscious		on	admission	to	the	hospital	more	than	20	min
consecutive	minutes	of	spontaneous	circulation	after	ROSC

• EXCLUSION	CRITERIA

• Time	from	ROSC	to	screening	more	than	240	min
• Unwitenessed		asystolia
• Suspected	or	known	acute	intracranial	hemorrhage	or	stroke

Design

N	Engl	J	Med	2013;369:2197-206



Endpoints

✓ Primary	endpoint:	Survival	until	the	end	of	the	
trial

✓ Secondary	endpoints:	

• Landmark	mortality	and	neurology	180	days

• Neurological	function	(CPC,	mRS,	MMSE,	
IQCODE)

• Safety	aspects

N	Engl	J	Med	2013;369:2197-206
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N	Engl	J	Med	2013;369:2197-206



N	Engl	J	Med	2013;369:2197-206
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Hemodynamics and Vasopressor Support 
At Two Target Temperatures After Cardiac Arrest

Bro-Jeppesen J, et al.   (Intensive Care Med 2014)



Hemodynamics and vasopressor support 
at two target temperatures after cardiac arrest

• Target temperature (TT) management at 33 °C 
compared to 36 °C was associated with: 

✓ decreased heart rate 
✓ elevated lactate levels  
✓ need for increased vasopressor support 

• Requirement for high doses of vasopressors 
and low MAP ( < 65 mmHg) were both 
independent predictors of 30-day mortality 
independent of TT

Bro-Jeppesen J, et al.   (Intensive Care Med 2014)



Conclusions

In	unconscious	survivors	of	out-of-hospital	
cardiac	arrest	of	presumed	cardiac	cause:

• Hypothermia	at	a	targeted	temperature	of	
33°C	did	not	confer	a	benefit	as	compared	
with	a	targeted	temperature	of	36°C.

N	Engl	J	Med	2013;369:2197-206



ILCOR	STATEMENT	2015

• We recommend targeted temperature management as opposed to
no targeted temperature management for adults with OHCA
with an initial shockable rhythm who remain unresponsive after
ROSC (strong recommendation, low-quality evidence).

• We suggest targeted temperature management for adults with
OHCA with an initial nonshockable rhythm who remain
unresponsive after ROSC (weak recommendation, low-quality
evidence).

• We suggest targeted temperature management for adults with
IHCA with any initial rhythm who remain unresponsive after
ROSC (weak recommendation, very low-quality evidence).



We recommend selecting and maintaining a constant target
temperature between 32°C and 36°C for those patients in
whom targeted temperature management is used (strong
recommendation, moderate-quality evidence).

• We recommend against routine use of prehospital cooling
with rapid infusion of large volumes of cold intravenous fluid
immediately after ROSC (strong recommendation, moderate-
quality evidence).

• We suggest that if targeted temperature management is used,
duration should be at least 24 hours as done in the 2 largest
previous RCTs.

ILCOR	STATEMENT	2015







Controversials (1)

- No	comparison	of	hypothermia	vs	normothermia	but	of	
33C°hypothermia		versus	36C°hypothermia

Is fever control	a	sufficient measure to	attenuate	brain	
damage after cardiac arrest?

- Presence	of	numerous	favor	factors	in	both	groups	in	
TTM1	trial	

Are	there subgroups that would benefit	from	
temperature	management	at a	higher or	lower level (for	
instance patients with	longer arrests and	more	severe	
brain	damage,	or	patients in	circulatory shock)?	



- Too	long	time	interval between ROSC	and	target	
temperature	achieve (screening	time	up	to	4	hours)

Controversials (2)

Could faster and earlier induction hypothermia
improve outcomes in the 33°C-group? 

- Sample	Size

- The	results of	the	TTM1-trial	are	not definitive.	Does
it mean the	need for	larger sample	sizes or	meta-
analytical approaches to	better estimate	effects.



Controversials (3)

Could a	longer follow-up	lead to	
identify which intervention is
superior?	



Open	questions – Intervention period

-When	to	start	cooling?
-Duration	of	hypothermia
-Depth	of	hypothermia or	only not fever?





HYPOTHERMIA	IN	OUT	OF	HOSPITAL	SETTING	:
WHY	NOT	? ….	IN	MY	OPINION	....

45

• The	temperature	normally	decreases	within	the	first	hour
• It’s	necessary	to	use	a	temperature	monitoring	that	avoids	

temperature	fluctuations(and	that	includes	continuous	
temperature	feedback	to	achieve	a	set	target	temperature)

• Plasma	electrolyte	concentrations	can	change	rapidly	during	
cooling

• Effective	intravascolar	volume	can	change	rapidly	during	cooling

• The	patient	needs	neuromuscolar	blockade	and	deep	sedation	to	
prevent	shivering

• OH	Inducing	hypothermia	means	more	time	consuming	for	118	
staff
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Main objective

To test the hypothesis that post –ischemic
hypothermia, when compared
With normothermia and avoidance of fever,
decreases mortality and improves neurologic
function in unconscious adult after OHCA



Sample	Size

Based on the results of the TTM1-trial and information 
in the International cardiac arrest registry, we calculate
the sample size based on a total mortality of 45% and 
the possibility to demonstrate a relative risk of 0.8 with 
90% power, giving 518 patients per group. In a 
conservative attempt to allow for a possible loss to 
follow-up, and in a scenario of low loss also gain 
power, we will recruit 1200 patients. 











• Diagrammatic data from the HACA-trial suggests a median
temperature between 37.5°C and 37.8°C among patients in the
control arm of the study. If a similar distribution is assumed in the
current trial a substantial amount of patients will not require a
device, thus making temperature management considerably less
labour and resource intense.

• 37.7°C has been proposed as the upper limit of normal body
temperature in healthy adults..

•

Temperature	Choice





Primary Endpoint

The primary objective of this study is to
determine if hypothermia (33°C) increases 180
day survival when compared to normothermia
and avoidance of fever, in patients who are
unconscious after OHCA.



Secondary Endpoints

•To evaluate if there is any difference in functional
outcomes, using the Glasgow Outcome Scale-
extended (GOS-E) between patients managed at
33°C compared to normothermia and avoidance of
fever

•To evaluate potential differences in health-related
quality of life (HRQoL) at follow up using EQ5D-
5L



Tertiary explorative endpoints

•To evaluate functional outcomes using the mRS at 30
days and 180 days after CA
•To test leg strength and endurance, using the The 30-
Second Chair Stand Test.
•Detailed neuro-cognitive function assessed by the
Montreal Cognitive Assessment (MoCA) and the Symbol
Digit Modalities Test (SDMT)
•Self and observer reported cognitive disability using
Two Simple Questions (TSQ) and the Informant
Questionnaire on Cognitive Decline in the Elderly
(IQCODE).
•Assessment at 24 months (Survival, GOS-E, EQ5D-5L,
MoCA, SDMT, TSQ, IQCODE)











COOLING



MAINTENANCE



Sedation discontinued







Clifton	W.	Callaway,	MD

JAMA	July	25,	2017	Volume	318,	Number	4

Advancement	in	resuscitation	requires	identification	of	
appropriate	targets	or	monitors	to	guide	titration	of	post	
arrest	care	to	individual	response.	Advances	may	also	
require	more	sophisticated	trial	designs.

Opinion	Editorial



Everyday is a	new	beginning …
look	at	what	can	be	

brunettimed@gmail.com



Effect	of	targeted	temperature	management	
at	33°C	versus	36°C	in	patients	with	shock	

after	out-of-hospital	cardiac	arrest
- A	post-hoc	analysis	of	the	Target	
Temperature	Management	trial

Martin	Annborn	a,	John	Bro-Jeppesen b,	Niklas	
Nielsen c, Susann	Ullén	d,	Jesper	Kjaergaard	b,	
Christian	Hassager	b,	Michael	Wanscher	e,	

Thomas	Pellis f,	Paolo	Pelosi	g,	Matt	P	Wise	h,	
Tobias	Cronberg	i,	David	Erlinge	j,	Hans	Friberg	

a	on	behalf	of	the	TTM-trial	investigators



Probability of survival through 180 days for patients with 
shock on admission compared to patients with no-shock 

p<0.001



Probability of survival through 180 days for patients with 
shock on admission allocated to either 33°C or 36°C

p=0.155



Probability of survival for patients with shock on admission 
allocated to either 33°C or 36°C. 

p=0.04



Effect	of	normoxia	vs.	hyperoxia	on	mortality	
in	adult	and	pediatric	studies

Sutherasan	Y	et	al	Minerva	Anestesiol	2014	Mar	19	[Epub	ahead	of	print]



Results



Consort statement flow chart: Assessment, randomization, analysis and follow up of patients



Arterial	Blood	Gas	Tensions	After	Resuscitation	From	Out-of-Hospital	
Cardiac	Arrest:	Associations	With	Long-Term	Neurological	Outcome

Vaahersalo	J	et	al		Crit	Care	Med	2014;	XX:00–00

Proportion	of	time	(mean	and	sd)	during	the	first	24	hr



Arterial	Blood	Gas	Tensions	After	Resuscitation	From	Out-of-Hospital	
Cardiac	Arrest:	Associations	With	Long-Term	Neurological	Outcome

Vaahersalo	J	et	al		Crit	Care	Med	2014;	XX:00–00



How	to	assess	prognosis	after	cardiac	arrest	and
therapeutic	hypothermia

Taccone	FS	et	al.	Critical	Care	2014,	18:202

• The	clinical	examination	is	the	gold	standard	for	assessing	
prognosis	in	comatose	survivors	after	CA;	

• The	use	of	sedatives	and	cooling	procedures	severely	limit	
the	early	use	of	clinical	findings	in	this	setting.

• There	is	no	optimal	timing	to	assess	prognosis	after	CA.

• The	use	of	a	multimodal	approach,	including	full	
neurological	examination	with	at	least	SSEPs	and	EEG,	to	
help	with	coma	prognostication	after	CA	and	TH.




