
Neuroimaging	
A B C D 

E F G H

I J K L 

Hacohen	et	al.,	2014	Neurol	Neuroimmunol	Neuroinflamm.	1(1):e2	



NMDAR	encephali4s	in	children	and	
adolescents-	CSF		

•  Reac5ve	in	about	50%	but	depends	when	you	
take	it	

•  Oligoclonal	bands	in	over	50%	
•  CSF	neopterins	
•  Other	markers		(CXCL13)	

		
		Lim	et	al.,	2015	Pediatr	Clin	North	Am	62(3):667-85				



Serum	vs	CSF	
•  250	pa5ents	had	NMDA	receptor	an5bodies	in	
CSF	but	only	214	had	an5bodies	in	serum	
(sensi5vity	100·0%	vs	85·6%,p<0·0001).	

•  CSF	and	serum	5tres	were	higher	in	pa5ents	with	
poor	outcome	than	in	those	with	good	outcome.	

•  Both	CSF	and	Serum	5tres	correlated	with	clinical	
state.		CSF>	Serum	

•  Relapses	were	associated	with	a	change	in	5tre	
more	oXen	in	CSF	than	in	serum.	

Gresa-Arribas	et	al.,	2014	Lancet	Neurol	13(2):167-77.	



Hughes et al., 2010 J Neurosci. 28;30(17):5866-75  

Antibodies internalise NMDARs in hippocampal neurons 
 and reduce NMDARs after injection into mice 

Moscato	et	al.,	2014	Ann	Neurol.	76(1):108-19.		



Mikasova	et	al.,	2012	Brain	135;	1606–1621		

Patient CSF reduces dendritic density of GluN2B and GluN2A 
Prevents LTP of glutamate synapses  



Animal models of NMDAR encephalitis 

Wright	et	al.,	2015	Brain	138:3159-3167	

Altered	memory	
and	behaviour	

Planaguma	et	al.,	2015	Brain.	138(Pt	1):94-109	
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		NMDAR-Ab	encephali4s		has	significant	
morbidity	

Wright	et	al.,	2015	Arch	Dis	Child.	100(6):521-6		



Titulaer	et	al.,	2013	Lancet	Neurol.12(2):157-65	

Treatment	and	prognos4c	factors	for	
long-term	outcome	in	pa4ents	with	an4-
NMDA	receptor	encephali4s:	an	
observa4onal	cohort	study	



Titulaer	et	al.,	2013	Lancet	Neurol.	12(2):157-65	



Case	3	-1	year	later	



Titulaer	et	al.,	2013	Lancet	Neurol	12(2):157-65	



Spectrum	of	NMDAR	an4body	mediated	
disease	

•  Dyskine4c	form	of	encephali4s	lethargica	
Dale	et	al.,	2009	Ann	Neurol	66:704-709	

•  An4-NMDA	receptor	encephali4s	presen4ng	with	focal	non-
convulsive	status	epilep4cus	in	a	child	

Goldberg	et	al.,	2011	Neuropediatrics;42(5):188-90.		

•  Isolated	hemidystonia	associated	with	NMDA	receptor	
an4bodies	

Rubio-Agusa	et	al	2011	Mov	Disord		1;26(2):351-2.	

•  Disease-relevant	autoan4bodies	in	first	episode	schizophrenia			
Zandi	MS	et	al.,	2011	J	Neurol	258(4):686-8.		



Case	4	10	months	F		

•  HSV	encephali5s	 •  Good	clinical	
Improvement	

•  Discharged	4	weeks	
 

A 



Case	4	

• Relapse	at	day	40	
• Loss	of	skills,	difficul5es	feeding	and	irritability	
• Florid	dyskine5c	movement	disorder	
• No	evidence	of	viral	reac5va5on		(2	further	CSF	PCR	
nega5ve).	



Case	4	

Ini5al	apparent	good	recovery	
•  Independent	ambula5on	and	hand	

func5on	in	the	second	and	third	
years	of	life		

Recurrent	and	fluctua5ng	seizures,	
episodes	of	cogni5ve	and	
behavioural	decline,	speech	
regression	and	periods	of	food	
refusal.	



21.11.00 17.10.00 12.09.00 

Case	4	

Courtesy	of	Dr	Jean-Pierre	Lin	
Evelina	London	Children’s	Hospital		



Summary	of	HSV	encephali4s	with	
neurological	relapse	reported	in	the	

literature. 

Hacohen	et	al.,	2014	Mov	Disord	29(1):90-6	

Pa4ents	
with	

relapse	

Virological	
evidence	at	

ini4al	diagnosis	

Relapse	
following	
stopping	
treatment	

Evidence	of	
HSV	

infec4on	at	
relapse	

Movement	
disorder	at	
relapse	

Children	
Total	 41	

PCR	posi5ve	in	
all	tested		
(n=23)	

Day	2-26	
month	

PCR	
posi5ve	

6/27	(22%)	
19	

Adult	
total	 18	

PCR	posi5ve	in	
all	tested	
(n=12)	

Day	27-18	
months	

PCR	
Posi5ve	

3/12	(25%)	
0	





•  12/17	children	(age	0.4-15yrs)			
•  Movement	disorders,	parkinsonism,	dystonia	and	chorea.	
•  Psychiatric	disturbance	with	emo5onal	lability,	amen5on	

deficit	and	psychosis	
•  D2R	Abs	in	10/30	SC,	4/44	TS,	0/22	PANDAS		



Case	5		10yr	M		

•  Seizures	
–  1/52	unwell	(H1N1	posi5ve)	
–  S5mulus	sensi5ve	myoclonus	
–  PICU	for	uncontrolled	seizures	D6	

•  Choreaform	athetoid	movement	D14	
•  Violent	aggression	
•  Aphasia		



Case	5		10yr	M		

	
•  EEG		

1	Epilep5c	d/c	right	anterior.		
2	Encephalopathy,	right	anterior	sharp	wave.	

•  MRI	normal	
•  CSF		

1	wcc	16 		
2	wcc	2	

•  Clinical	improvement	with	IVIG	



Hacohen et al., 2013 J Neurol Neurosurg Psychiatry 84(7):748-55 



Hacohen et al., 2013 J Neurol Neurosurg Psychiatry 84(7):748-55. 



How	do	we	treat	autoimmune	
encephali4s?	

•  Diagnose	and	treat	early	
•  How	long	do	we	treat	for	

– Why	are	we	trea5ng?	
Not	geqng	bemer	
Preven5ng	relapse	
Improving	long	term	outcome	

•  Understanding	biology	



Byrne	et	al.,	2015	Neurol	Neuroimmunol	Neuroinflamm.	2(4):e130.				

Early	treatment		improves	long-term	
outcome	in	children	with		
NMDAR-Ab	encephali4s	

80	children	included	from	34	studies		
	
Mean	mRS	was	lower	in	the	group	treated	less	than	15	days	(0.6)	compared	to	
those	treated	later	(1.6,	p=0.015)	
	
Complete	recovery	the	mean	5me	from	onset	to	treatment	was	14.9	days		
Incomplete	recovery	who	were	treated	at	a	mean	of	21	days;	p=0.002	
	



Dale	et	al.,	2014	Neurology	83(2):142-50	

Rituximab	effec4ve	in	reducing	
disability	in	CNS	inflamma4on	



NMDAR	an4body	mediated	movement	
disorder:	recognising	early	symptoms	



When	to	suspect?	
Modified	from	Zuliani	et	al.,	2012		J	Neurol	Neurosurg	Psychiatry	83(6):638-45	

•  Acute	or	subacute	(<12 weeks)	onset				
»  Recognisable	syndrome		
»  Viral	or	fever	prodrome	
»  Previously	normal	

•  Evidence	of	CNS	inflamma5on	(at	least	one	of)	
»  CSF,	MRI	or	inflammatory	neuropathology			

•  Exclusion	of	infec5ve	and	life-threatening	metabolic	
causes		

	







BIOCHIP	-	EUROIMUN	



CLINICALLY	SUSPECTED	AUTOIMMUNE	CNS	DISORDER	
1.	Acute	or	sub	acute	(<12 weeks)	onset	of	a	recognisable	syndrome:	

An5body	specific	presenta5on	(NMDAR,	GlycineR,	D2R,	DPPX)	
	Limbic	encephali5s	

Facial	Brachial	Dystonic	Seizures	
2.	If	i)	par5al	syndrome	or	ii)	encephalopathy	with	either	seizures,	
movement	disorder,	neuropsychiatric		or	cogni5ve		dysfunc5on	

one	addi5onal	suppor5ve	clinical	feature	required:	
Previously	normal		

Viral	or	fever	prodrome		
History	of	autoimmunity	

Or	evidence	of	CNS	inflamma5on		

START	TREATMENT	
Once	excluded	infec5ve	and	life-threatening	metabolic	causes		

Serum	studies	
•  Neuronal	surface	an5body	

studies	
VGKC	and	associated	
proteins	LGI1,	CASPR2,	
Contac3n	
NMDAR,	D2R	
AMPAR,	GABA	(A&B)	R,	
GlycineR	

•  Other	neuronal	an5bodies	
GAD,	Thyroid	an5bodies	

•  Onco	neural	if	concerned	
•  Exclude	other	infec5ve,	

inflammatory	and	metabolic	
disorders	

INVESTIGATIONS	
CSF	studies	

•  Microscopy	and	infec5ve	
inves5ga5ons	

•  Oligoclonal	bands	and	IgG	Index	
•  An3body	studies	(store	and	

perform	following	discussion)	
•  Neopterins	

Imaging	studies	
•  MRI	and	MRA	
•  MRS,	PET	
•  Exclude	tumours	

EEG	

ACUTE	TREATMENT	1st	line	immunotherapy		
High	dose	intravenous	steroids	3-5	days	then	oral	steroids	

IVIG	

ACUTE	TREATMENT	1ST	Line	immunotherapy		
Plasma	Exchange	

ACUTE	TREATMENT	2nd	line	immunotherapy		
	Cyclophosphamide	or	Rituximab	

Maintenance	immunotherapy	
for	3-6	months		

	Oral	steroids	3-6	months	
+/-	4	weekly	IVIG	for	6	months	
Tailor	according	to	anRbody	

Maintenance	immunotherapy		
6-12	months		
Oral	Steroids	

+/-	Mycophenolate	or	
Azathioprine	

Tailor	according	to	anRbody	

Maintenance	immunotherapy	1-2	years		
Oral	Steroids	(oXen	with	steroid	sparing	agent)		
Using	2nd	line	acute	agents	for	longer	period	

Responds	

Responds	

Responds	

IF	NO	
RESPONSE	
EVALUATE	
DIAGNOSIS	
AGAIN		



 
A phase III multicentre randomised placebo 

controlled double blind trial to assess the role of 
intravenous 

ImmunoglobuliN in the Treatment of childhood 
Encephalitis (The IgNiTE study) 

Iro M, Absoud M, Clark C, Chong K, Easton A, Gray V, Kneen R, Lim M,  
Pike MG, Sadarangani M, Solomon T, Yu LM, Vincent A, Pollard AJ  

Oxford Vaccines Group   
NIHR EME 



How	do	we	treat	autoimmune	
encephali4s?	

•  Diagnose	and	treat	early	
•  How	long	do	we	treat	for	

– Why	are	we	trea5ng?	
Not	geqng	bemer	
Preven5ng	relapse	
Improving	long	term	outcome	

•  Understanding	biology	



Factors	favouring	further	
treatment	

§  Severity	of	acute	condi5on	
§  Early	in	disease	course		
§  Risk	of	permanent	disability	

§  Reversible	disease	
§  Relapse	risk	
§  Low	side	effect	profile	of	treatment	

Factors	favouring	observa4on	
or	no	further	treatment	

§ Mild	symptoms	or	good	improvement		
§  Late	diagnosis	
§  Good	outcome		

§  Contribu5on	of	immune	system	unclear	
§ Monophasic	illness	
§  Short	and	long	term	side	effects	of	
treatment	

Treatment	 Close	surveillance	with	no	
treatment	

When	do	we	have	to	treat	further?	
	


