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Objec.ves	

•  Understand	the	diagnos.c	criteria	for	the	
recogni.on	of	PSH	

•  Review	the	most	commonly	used	abor.ve	and	
preven.ve	pharmacological	agents	for	the	
management	of	PSH	



A	rela.vely	common	problem	

•  It	can	occur	in	up	to	a	third	of	pa.ents	with	
severe	TBI	

•  Can	happen	aEer	brain	anoxia	
•  More	common	in	younger	pa.ents	
•  OEen	misdiagnosed	and	underdiagnosed	
•  Nomenclature	and	diagnos.c	criteria	have	
lacked	uniformity	



A	messy	literature	

•  Paroxysmal	Sympathe0c	Hyperac0vity	
•  Autonomic	storms	
•  Sympathe.c	storms	
•  Diencephalic	seizures	
•  Autonomic	dysfunc.on	syndrome	
•  Dysautonomia	
•  Paroxysmal	autonomic	instability	with	dystonia	(PAID)	



Paroxysmal	Sympathe0c	
Hyperac0vity	

Diffuse/mul.focal	acute	brain	injury	

Disinhibi.on	of	sympathe.c	
responses	

Recurrent	episodes	

External	or	internal		
triggers	

Tachycardia	 Hypertension	 Tachypnea	 Fever	 Diaphoresis	 Dystonia	



Proposed	pathogenesis	







Diagnos.c	criteria	
		Episodic	presence	of	≥	4	of	the	following	6	criteria	
in	the	absence	of	alterna.ve	causes:	

-  Fever	(>	38˚	C)	
-  Tachycardia	(>120	x’	or	>	100	x’	if	beta-blocked)	
-  Hypertension	(SBP	>	160	or	PP	>	80)	
-  Tachypnea	(RR	>	30)	
-  Excessive	diaphoresis	
-  Severe	dystonia	



New	Consensus	Criteria:		
Assessment	Tool	

Paroxysmal	Sympathe0c	Hyperac0vity	-	Assessment	Measure	 

Clinical	Feature	Scale	(CFS) 
	 0 1 2 3 Score 

heart	rate <	100 100	-	119 120	-	139 ≥	140 	 

respiratory	rate <	18 18	-	23 24	-	29 ≥	30 	 

systolic	blood	pressure <	140 140	-	159 160	-	179 ≥	180 	 

temperature <	37 37	-	37.9 38	-	38.9 ≥	39.0 	 

swea0ng nil mild moderate severe 	 

posturing	during	episodes nil mild moderate severe 	 

	 CFS	Subtotal 	 

	 

Severity	of	Clinical	Features 

nil 0 	 

mild	 1	-	6 	 

moderate 7	-	12 	 

severe ≥	13 	 

J	Neurotrauma	2014;31:1515-20	



New	Consensus	Criteria:		
Assessment	Tool	

Diagnosis	Likelihood	Tool	(DLT) 

clinical	features	occur	simultaneously 	 

episodes	are	paroxysmal	in	nature 	 

over-reac0vity	to	normally	non-painful	s0muli 	 

features	persist	≥	3	consecu0ve	days 	 

features	persist	≥	2	weeks	post	brain	injury	 	 

features	persist	despite	treatment	of	differen0al	diagnoses 	 

medica0on	administered	to	decrease	sympathe0c	features 	 

≥	2	episodes	daily 	 

absence	of	parasympathe0c	features	during	episodes 	 

absence	of	other	presumed	cause	of	features 	 

antecedent	acquired	brain	injury 	 
	(Score	1	point	for	each	feature	present) DLT	subtotal 	 

	 
Combined	total	(CFS	+	DLT) 	 

	 

PSH	Diagnos0c	Likelihood 
unlikely <	8 	 
possible 8	-	16 	 
probable >	17 	 



Common	triggers	

•  Pain	
•  Bladder	distension	
•  Foley	manipula.on	
•  Body	turning	
•  Tracheal	suc.oning	
•  Most	oEen	unprovoked	



Differen.al	diagnosis	
•  Sepsis	
•  Intracranial	hypertension	
•  Seizures	
•  Rebleeding		
•  Airway	obstruc.on	
•  Pulmonary	embolism	
•  Serotonin	syndrome/	NMS	/	Malignant	
hyperthermia	



Diagnosis Discriminating feature Confirmatory testing 

Intracranial hypertension Bradycardia may occur 

Profuse sweating less likely 

ICP monitoring 

Head CT scan 

Herniation Asymmetric posturing 

Unilateral mydriasis 

Head CT scan 

Brain MRI 

Seizures Clonic movements 

Shorter duration 

Profuse sweating less likely 

EEG 

Intracranial bleeding or 
rebleeding 

Focal deficits Head CT scan 

Brain MRI 

Pulmonary embolism Refractory hypoxemia Chest CT angiography 
Severe sepsis Hypotension Cultures 



Why	recogni.on	is	important	
•  Increases	secondary	morbidity	

§ 	Hypermetabolism	(↓	body	weight)	
§ 	Prolonged	hyperthermia	
§ 	Dehydra.on	
§ 	Neurocardiogenic	injury	
§ 	↑	ICP	(?)	
§ 	Contractures	
§ 	Heterotopic	ossifica.on	

•  Inappropriate	tes.ng	and	therapies	
•  Prolonga.on	of	ICU	stay	

	



Early	recogni.on	à	Beier	Rehab	

PSH in 
ICU 

Refractory 
PSH in 
Rehab 



Our	clinical	experience	in	the	ICU	

•  53	pts	–	Mean	age	33.6	±14.5	years	(range	
16-67)	

•  TBI	in	57%	(but	also	anoxia,	SAH,	ICH,	
autoimmune	encephali.s,	FES,	etc)	

•  Mean	.me	to	diagnosis	8.3±11.0	days	
•  59%	within	7	days	and	38%	within	3	days	

Neurocrit Care. 2014;20(3):454-459 



Symptom	frequency	

Symptom	 Frequency	
Fever	 79%	
Tachycardia	 98%	
Hypertension	 72%	
Tachypnea	 85%	
Diaphoresis	 79%	
Dystonia/Posturing	 38%	



What	to	do	with	the	fever?	

•  42/53	had	fever	
•  26	(62%)	were	treated	with	an.bio.cs	
•  Respiratory	infec.ons	suspected	or	confirmed	
in	24	

•  In	16	cases	an.bio.cs	were	started	due	to	
symptoms	of	PSH	



Treatments	and	Outcomes	

•  Mean	dura.on	of	episodes	15	±	20	days	
(actually	2	weeks	if	only	considered	hospital	
survivors)	

•  All	treated	with	a	mean	of	2.1	meds	
•  35/37	who	survived	were	discharged	on	
treatment	for	PSH	

•  16	were	discharged	with	ongoing	episodes	of	
PSH	



Paroxysmal	Sympathe0c	
Hyperac0vity	

Drug	Therapy	

Abor0ve	
-IV	morphine	
-IV	beta	blockers	
-Dexmedetomidine	

Preven0ve	
-Gabapen0n	
-Oral	beta	blockers	
-Clonidine	

Reduce	external	s.mula.on	



Drug	Treatment	of	PSH	

•  ABORTIVE	
– -	Use	promptly	

•  PREVENTIVE	
- 	Start	early	
- 	Requires	.tra.on	
- 	Con.nue	in	Rehab	



Treatment:		
Limita.ons	of	the	“evidence”	

•  Case	reports	and	case	series	
•  Lack	of	diagnos.c	criteria	
•  Benefit	based	on	clinical	impression	(no	
standardized	outcome	measures)	

•  OEen	treatments	only	improve	specific	
manifesta.ons	

•  Absence	of	controls	



Classes	of	Drugs	Tested	
•  Opiates	
•  GABA	A	agonists	(BDZs)	
•  GABA	B	agonists	(Baclofen)	
•  Alpha	2	agonists	
•  Beta	Blockers		
•  Dopamine	agonists	(and	antagonists)	
•  An.convulsants	
•  Others	(e.g.	dantrolene,	botulinum	toxin	A,	
hyperbaric	oxygen???)	



Abor.ve	Treatments	
•  Morphine	sulfate		

- 	Most	effec.ve	abor.ve	agent	
- 	2-8	mg	IV	

•  Propranolol	/	Clonidine	/	dexmedetomidine	
•  Benzodiazepines	(diazepam)	
•  Baclofen	(IT	but	not	oral)	
•  Dantrolene	
•  Chlorpromazine	and	haloperidol	
(an:dopaminergics)	should	be	avoided	



Prophylac.c	agents	

•  Gabapen.n	
– -	Start	300	mg	.d	and	.trate	up	to			3600-4800	
mg	per	day	

•  Propranolol	
•  Clonidine	
•  Bromocrip.ne	
•  Baclofen	IT	



Support	for	my	choices	

•  Morphine:	mul.ple	case	reports	and	small	
case	series	

•  Propranolol:	mul.ple	case	reports	and	small	
case	series	

•  Gabapen.n:	Case	series	of	6	pts	with	
refractory	PSH	(Baguley	J	Neurol	Neurosurg	Psychiatry	2007;	78:	
539–41)	



Our	Current	Study	

•  Observa.onal,	mul.na.onal	
•  Feasibility	of	applica.on	of	diagnos.c	tools	
•  General	assessment	of	current	
epidemiology	and	therapeu.c	prac.ces	

•  Forma.on	of	a	collabora.ve	team	for	a	
future	interven.onal	trial	



Key	Messages	
•  Think	of	PSH	in	TBI	(and	anoxic)	pa.ents	with	
episodic	changes	

•  Early	recogni.on	of	PSH	can	prevent	major	
short	and	long	term	complica.ons		

•  Use	morphine	to	abort	the	episodes	and	
gabapen.n	and	propranolol	to	prevent	them	

•  High	quality	prospec.ve	research	is	greatly	
needed	




