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Newborn girl 

BW 2.5kg, L 46cm


At 2 hr: 


Normal pregnancy 
and delivery

No apparent	
exposure to 
teratogenic factor


June	2016	

AGacks of severe bradycardia…

down to 45-50 bpm


Birth	



A few hours later…LQT with 2:1 AV funcOonal block


QTc=660 
ms


PP	480ms	(125/min)	with	2:1	A-V	conduc>on			



Echocardiogram


Asymmetric hypertrophy of 

IVS. 


RV apical hypertrabeculaOon.




Newborn girl 

BW 2.5kg, L 46cm


Family	History.	
Ethnic	Background:	
Asian	-	Bangladesh	

Normal pregnancy 
and delivery

No exposure 
apparent 
teratogenic factor


June	2016	Birth	



June	2016	

NGS Analysis: KCNQ1,	 KCNH2,	 SCN5A,	 KCNE1,	
KCNE2,	 KCNJ2	 and	 CACNA1C	 resulted	 in:	

heterozygous	 muta>on	 of	 CACNA1C	
NM_000719:	c.1216G>A;	p.Gly406Arg	(rs79891110),	
de	novo.	 


July	2016	

CACNA1C		topography	[Courtesy	Fukuyama	et	al.,	2014	Europace]	

For	the	complex	
phenotype,	Exome	
sequencing	was	
performed	that	
turned	to	be	

nega%ve	for	CMP	
genes.		

Birth	



Started beta blocker therapy (propranolol Otrated)


QTc=575 ms


PP	640ms	(93/min)	with	1:1	A-V	conduc>on			



…resuscitated…




VENTRICULAR FIBRILLATION occurred	

Cri>cal	events	(1)	
	
During	anesthesia	induc>on…	



ASYSTOLE…successful CPR


Cri>cal	events	(2)	



What to do next??


W=6.1 Kilograms…




Epicardial dual-chamber PMK-ICD implant + PDA closure


Atrial lead


Ventricular 
lead


Single coil

(figure-of-8 

epicardial loop)


Postopera>ve	 procedure	
complicated	by	chylothorax	





Extracardiologic	Phenotype	and	Mul>organ	Screening	

Normal	brain	US	

Normal	eye	visit	

Normal	abdominal		US	

Formal	 neurocogni>ve	 evalua>on	 at	 7	 months:	
Regular	 development	 escept	 for	 very	 mild	
hypotonia	(consider	6	months	hospital	stay!!!!).	

2	sep>c	agacks	related	to	CVL		(Staphylococcus	epidermidis,	Enterobacter	cloacae).	

Never	spontaneous	spesis.	Immunologic	work	up	within	normal.			



June	2016	

CACNA1C	 c.1216G>A;	
p.Gly406Arg	de	novo.		


Exome: negaOve for CMP 
genes


July	2016	 November	2016	

Chylothorax	

A.M.		
January		2017	

At	home	and	doing	well




NCBI:	 Books:	 GeneReviews.	 Long	 QT	 Syndrome.	 Na>onal	 Center	 for	
Biotechnology	 Informa>on;	 web	 site.	 www.ncbi.nlm.nih.gov/books/NBK1403.	
[Alders	and	Imke	Chris>aans	-	June	18,	2015]		

Long QT Syndromes (LQTS)


Genes	Mutated	in	>1%	of	LQTS	 Genes	Mutated	in	<1%	of	LQTS	



AcOon potenOal of cardiac muscle cells


Ikonnikov	and	Wong	

LQTS 8


	
CACNA1C	has	a	cri>cal	role	for:	
ü  plateau	phase	of	cardiac	ac>on	

poten>al,		
ü  cellular	excitability,		
ü  excita>on-contrac>on	coupling,		
ü  regula>on	of	gene	expression	
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Loss-of-func>on		

Gain-of-func>on	

Brugada	S.	
[Burashnikov	2010]	
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A.	Arrhythmias:	
•  severe	prolonga%on	of	

the	QT	interval	(QTc	of	
480	ms	-	700	ms)	
(100%)	

•  ventricular	
tachyarrhythmias	(VT,	
TdP,	VF)	(84%)	

•  bradycardia,	func%onal	
AV	block	(81%)	

•  T-wave	alternans	(70%)	
	
B.	Congenital	Heart	
Defects:	
•  PDA,	PFO,	VSD,	vascular	

ring,	TOF	
	
C.	Cardiomyopathy:	
•  HCMP	
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Gain-of-func>on	

Exctracardiac	Abnormali>es:	
		
ü  Cutaneous	Syndactyly	
ü  Facial	dysmorphism	
ü  Au>sm	spectrum	disorder	
ü  Immunodeficiency	
ü  Intermigent	hypoglycemia		

Cardiac	Only	Timothy	
Syndrome	(COTS):		
<5	reports	in	
literature	

Timothy	Syndrome	(TS)	



CACNA1C-Mediated	Clinical	Phenotypes	

Boczek	et	al.,	2015	



Boczek	et	al.,	2015	

Families	Harboring	p.Arg518Cys/His.		

CACNA1C-Mediated	Clinical	Phenotypes	



Cardiomyopathy	&	CACNA1C	muta>ons:	
G406R	E8[Splawski	2005;	Lo-A-Njoe	2005;	Kawaida	2016	and	our	pa>ent]	
G402S	[Splawski	2005]	
G490R	&	E771G	[D’Argenio	2014]	
I1166T	[Wemhoner,	2015]	
R518C/H	[Boczek,	2015]	
**LQTS	+	Syndactyly:	mild	HCMP	+	endocardial	fibroelastosis	[Marks	1995]	 Boczek	et	al.,	2015	

CACNA1C		Topography	



Individual	or	intrafamilial	recurrence	of:		
ü  LQTS,	ventricular	tachyarrhythmias,	2:1	AV	block	(func>onal);	
ü  Congenital	Heart	defects;	
ü  Cardiomyopathy;	
ü  Sudden	cardiac	death.	
Even	in	the	absence	of	extracardiological	involvement.		
	
There	 is	 no	 strict	 genotype	 –	 phenotype	 correla>on	 ->	 beger	 complete	 gene	
coverage	and	not	only	hotspot	screening.		

Take	home	message:	
	
Think	of	CACNA1C!!!!	
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Thank you for your aGenOon!



