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Modern	intensive	care	makes	clinical	
assessment	more	difficult	and	less	reliable	

•  Targeted	temperature	
management	

•  Pharmacological	coma	by	
seda+ve	medica+on,	
analgesia	and	muscle	
relaxa+on	

•  Delayed	metabolism	of	drugs	
•  Seizures	may	be	masked	



TTM	may	delay	recovery	for	
pa+ents	with	good	outcome	
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BRCT	1	trial,		1994	

TTM	trial,		2013	

1-year	survival	21,5%	

6-month	survival	52,5%	

Awakening	occurs	later	with	TTM	and	
seda+on	



Neurological	prognos+ca+on	should	
be	mul+modal	

Tacone,	Cri$cal	care,	2014	



Clinical	examina+on	is	a	central	part	

Tacone,	Cri$cal	care,	2014	



Clinical	examina+on	of	the	comatose	
CA	pa+ent	

•  Observa+on	
–  Voluntary	movements	and	eye	opening	
–  Seizures	and	myoclonias	

•  Level	of	consciousness	
–  Response	to	verbal	commands/s+muli	
–  Motor	response	to	pain	

•  Examine	
–  Cranial	nerve	func+on	
–  Tonus	
–  Muscle	stretch	reflexes	and	plantar	reflex	



Prevalence	of	clinical	seizures	
INTCAR	registry	

Seder	et	al,	Crit	Care	Med,	2015	



Prevalence	of	clinical	seizures	
TTM	trial	

Lybeck,	Resuscita$on,	2017	



Seizures	are	bad	news	
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Lybeck,	Resuscita$on,	2017	



Status	myoclonus	is	very	bad	news	
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Lybeck,	Resuscita$on,	2017	

60/61	with	status	
myoclonus	had	
poor	outcome	





Type	1:	Burst	suppression	with	+me-
locked	myoclonus	

D0	

D2	 D3	

D1	

48/48	pa+ents	died	



Type	2:	Spike-wave	with	+me-locked	
myoclonus	

D0	 D40	

4/8	pa+ents	survived	
All	had	Lance	Adams	ac+on-myoclonus	
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CA	pa+ent	

•  Observa+on	
–  Voluntary	movements	and	eye	opening	
–  Seizures	and	myoclonias	

•  Level	of	consciousness	
–  Response	to	verbal	commands/s+muli	
–  Motor	response	to	pain	

•  Examine	
–  Cranial	nerve	func+on	
–  Tonus	
–  Muscle	stretch	reflexes	and	plantar	reflex	



Glasgow	coma	scale	
Teasdale	and	Jennet	1974	



The	FOUR-score	

•  Eye	response	
•  Motor	response	
•  Brainstem	reflexes	
•  Respira+on	pabern	

Wijdicks.	Ann	Neurol.	2005	



Wijdicks et al, Neurology, 2006 

Levy,	JAMA,	1985	
Edgren,	Lancet,	1994	
Zandbergen,	Neurology,	2006	

The	AAN	guidelines	2006	regarded	extensor	or	
absent	motor	response	as	a	reliable	sign	of	a	

poor	prognosis	

Wijdicks, Neurology, 2006 



Wijdicks et al, Neurology, 2006 

Rossee	Ann	Neurol,	2010(67)301-	
Samaniego,	Neurocrit	Ca,	2011(15)	
Bouwes,	Ann	Neurol,	2012(71)	
Dragancea,	Resuscita+on,	2015	

In	modern	studies	using	temperature	management	
and	seda+on	absent	motor	response	is	not	a	

reliable	sign	(FPR	10-24%)	

Wijdicks, Neurology, 2006 
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Bedside	tes+ng	of	brain	stem	func+on	
in	the	ICU	

•  Pupillary	light	reflex	(N	II,III)	
•  Corneal	reflex	(N	V	,VII)	
•  Oculocephalic	(Dolls	eye)	test	/	
Oculoves+bular	reflex	(cold	water	caloric	test	
(N	VIII,	III,	V))	

•  Gag	and	cough	reflex	(N	IX,	X)	
•  Spontaneous	breathing	pabern	
	



Bilateral	absence	of	pupillary	and	corneal	reflexes	
are	reliable	signs	of	a	poor	prognosis	at	72	hours	

BUT	with	low	sensi+vity	

test	 TTM	 sensi5vity	 FPR	

PLR	 no	 18	 0	

-/-	 yes	 19	 1	

Corneal	reflex	 no	 29	 5	

-/-	 yes	 26	 4	

Sandroni, resuscitation, 2014 



Sandroni.	ICM	2014		AND	Nolan,	ERC/ESICM	guidelines,	Resuscita+on	and	ICM		2015	
	

European	Recommenda+ons	

>72	hours	



Are	we	missing	valuable	bedside	
informa+on	from	the	PLR?	

hbps://neurop+cs.com/cri+cal-care-info/	



Automated	infrared	pupillometry	

	 	 	 	+	
–  High	interrater	reliability	
–  Improves	sensi+vity	of	
the	PLR	in	
prognos+ca+on	a=er	CA	

–  Earlier	detec+on	of	
pupillary	abnormali+es	
in	hernia+on/elevated	
ICP	

	 	 	-	
–  Cost	
–  Risk	of	infec+on	
–  Need	for	training	
–  Not	part	of	the	
guidelines	



Author	 n	 Cut-off	(%)	 sensi5vity(%)	 specificity(%)	

Suys,	Neurocrit	care,	2014*	 50	 13	 61	 100	

Heimburger,	Resuscita+on,	
2016	 82	 7	 42	 100	

Solari,	Ann	Neurol,	2017*	 103	 13	 63	 100	

Pupillometry	48h	a=er	cardiac	arrest	

Same	device	in	all	studies	(NeuroLight,	Algiscan)	
*	Same	center,	extended	cohort	
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Conclusions	

•  The	combina+on	of	bilaterally	absent	pupillary	
light	reflexes	and	corneal	reflexes	at	72h	a=er	CA	
is	a	reliable	sign	of	poor	prognosis.	

•  Absent	or	extensor	motor	response	to	pain	is	not	
a	reliable	sign	of	a	poor	prognosis	at	any	+me	

•  Seizures	should	always	be	considered	in	
combina+on	with	EEG-informa+on	

•  Pupillometry	is	a	new	and	poten+ally	useful	tool	
that	needs	further	valida+on	in	mul+-center	
studies	


