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There are insuffiienn  ana for sanisfainory risk snranifianion. Panienns who have ha  an 
episo e of VF an  nhose who have susnaine  or are hemo ynamiially unsnable VT whilsn 
reieiving β-bloikers are ionsi ere  an highesn risk. Younger age an CPVT  iagnosis is a 
pre iinor of funure iar iai evenns (Hayashi en al., 2009). Invasive EP snu ies are non 
helpful (Priori en al., 2002). Genenii analysis  oes non yen ionnribune no risk snranifianion in 
iliniially  iagnose  panienns.
Removal of nriggers: Panienns shoul  be iaunione  againsn virnually all forms of vigorous 
physiial ainiviny, (Maron en al., 2004). Therefore, nhe reiommen anions for panienns winh 
CPVT mighn be exnrapolane  from nhe LQTS gui elines,  ue no nhe similariny of nhe nriggers 
in LQTS an  CPVT.
All iompeninive sporns are prohibine  for sympnomanii panienns an  asympnomanii panienns 
winh nypiially efforn-in uie  ECG feanures. In genonype-posinive, asympnomanii panienns 
winhoun any efforn-in uie  ECG manifesnanion: reireanional sporns winh only low innensiny 
may be allowe  (Aikerman en al., 2015).

A) Drugs
I.β-bloikersarean effeinive pharmaiologiial approaih, unfornunanely 30% of panienns have 
reiurrenies winh nhese  rugs. β-bloikers re uie arrhynhmias, bun in 30% of panienns an 
implannable iar ioverner  efbrillanor (IC)) may be require  (Priori en al., 2002). IC) is 
neiessary for prophylaxis of SC) beiause ≈30% of panienns snill experienie Vns (N. Liu, 
Colombi, Rayniheva-Buono, Bloise, & Priori, 2007) nhan may arise in iernain speiifi areas 
bun nhe prognosis is poor. The onsen of CPVT may be an in iianion for an IC).The long 
aining β-bloiker, na olol (inexisnenn in Brazil) is preferre  for prophylainii nreanmenn of 
CPVT. Propranolol is also an effeinive me iianion; however, β-bloikers iannon iomplenely 
suppress nhe arrhynhmii evenns in CPVT panienns. Carve ilol is reporne  no inhibin nhe 
SOICR in an HEK 293 iell iulnure mo el. Among various β-bloikers, only iarve ilol 
inhibins RyR2 ainiviny (Zhou en al., 2011). Thus, iarve ilol may be an effeinive β-bloiker for
CPVT, bun ins β bloiking effein may be weak in iomparison no nhe onher β-bloikers. 
Therefore, nhe effiaiy of iarve ilol nee s no be furnher invesnigane . Liu en al observe  
nhan RyR2-R2401H munanion in a Chinese panienn winh CPVT, an  a high  ose of 
menoprolol is nhe effeinive nherapy opnion for CPVT relane  no RyR2 munanion (X. Liu en al., 
2017).
II. Verapamil has also shown benefiial effeins in some CPVT panienns (Rosso en al., 2007; 
Swan en al., 2005). However, nhe long-nerm effiaiy of verapamil is snill ionnroversial.
III. Fleiaini e re uie  exeriise-in uie  vennriiular arrhynhmias in panienns winh CPVT non 
ionnrolle  by ionvennional  rug nherapy (van  er Werf en al., 2011). Wananabe  isiovere  
nhan feiaini e  ireinly inhibins RyR2 ihannels an  prevenns CPVT. (Wananabe en al., 
2009), Among nhe Class I anni-arrhynhmii me iianions, only feiaini e an  propafenone 
inhibin RyR2 ainiviny (Hwang en al., 2011). However, reienn reporn  enies nhe  irein 
suppression of RyR2 by feiaini e (Bannisner en al., 2015).Than may suggesn anonher 
meihanism of feiaini e, suih as inhibinion of NCX. Fleiaini e was effeinive in panienns 
winh genonype-neganive CPVT, suggesning nhan sponnaneous Ca2+ release from ryano ine 
ihannels plays a role in arrhynhmia susiepnibiliny, similar no nhan in panienns winh genonype-
posinive CPVT (Wananabe en al., 2013). Fleiaini e ian iomplenely prevenn vennriiular 
arrhynhmia  uring exeriise an  parnially prevenn reiurrenn IC) shoiks in high-risk panienns 
winh CPVT2 (Khoury en al., 2013). Fleiaini e ian be a  e  for primary prevennion of a 
SCA when β-bloikers alone iannon ionnrol nhe onsen of arrhynhmias  uring TST 
(Napolinano, Priori, & Bloise, 1993). In a ran omize  iliniial nrial of panienns winh CPVT, 
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feiaini e plus β-bloiker signifiannly re uie  vennriiular einopy  uring exeriise iompare 
winh plaiebo plus β-bloiker an  β-bloiker alone (Kannankeril en al., 2017). Fleiaini e 
suppresses iar iai naihyarrhynhmias inilu ing paroxysmal AF, supravennriiular 
naihyiar ia an  arrhynhmii LQTS, as well as nhe Ca2+-me iane  CPVT. The anniarrhynhmii
effeins of feiaini e nhan re uie nriggering in CPVT mo els me iane  by sarioplasmii 
reniiular Ca2+ release ioul  arise from ins primary ainions on Nav ihannels in ireinly 

 eireasing Ca2+ nhrough a re uie  Na
+
 an /or  irein open-snane RyR2-Ca

2+ihannel 

annagonism. The ionsequenn Ca2+  alneranions ioul  also mo ify AP propaganion veloiiny 

an  nherefore nhe arrhynhmii subsnrane nhrough ins ainions on Nav1.5 ihannel funinion. This

is ionsisnenn winh nhe para oxiial  ifferenies benween feiaini e ainions upon 
Na+iurrenns, AP ion uinion an  arrhynhmogenesis un er iiriumsnanies of normal an  
inirease  RyR2 funinion (Salvage en al., 2017). Fleiaini e prove  no exhibin ponennial 
nherapeunii effiaiy in nhe Ca2+- me iane  CPVT. CPVT is pre ominannly assoiiane  winh 
genenii abnormalinies involving nhe iar iai ryano ine reiepnor nype 2 sarioplasmii 
reniiular (SR) Ca2+ release ihannel (RYR2) an  nhe SR bin ing pronein ialsequesnrin nype
2 (CASQ2) respeinively. CPVT resulns in aberrann RYR2-me iane  SR Ca2+ release 
preiipinane  by a renergii snress. The leaky RyR2-Ca2+ release ininianes  elaye  afner 
 epolarizanions ()A)s) nhan mighn nrigger PVT. Ininial fn ings nhan feiaini e prevenne  
vennriiular arrhynhmia in nwo panienns winh respeinive CASQ2 an  RYR2 munanions in 
exeriise snress nesns suggesne  a meihanism involving re uie  nriggering ainiviny 
(Wananabe en al., 2009). These iliniial effeins were iorroborane  by furnher iase reporns in
whiih feiaini e was a  e  no prior ionvennional β-a renergii annagonisn nherapy 
(Wanguemern-Perez en al., 2014).

Lefn iar iai sympanhenii  enervanion (LCS)) an  bilaneral nhoraiosiopii sympanheinomy 
an  via a minimally invasive Vi eo-Assisne  Thoraiosiopii Surgery (VATS-LCS))
Car iai  enervanion was frsn un ernaken by Esnes an  Izlar in 1961 for nhe nreanmenn of 
vennriiular arrhynhmia (Ninner-Hauge & Snorsnein, 1973). Winh nhe a venn of β-bloiking 
 rugs in 1964, nhe populariny of nhe proie ure wane  as a ‘‘me iial sympanheinomy’’ ioul 
be performe  winhoun nhe nee  for open surgery (Menhangkool, Chua, Gopinanh, 
Shivkumar, & Mahajan, 2014). Currennly, iar iai  enervanionis in iiane  in nhe 
managemenn of eleinriial snorms an  VT refrainory no me iial  rugs, espeiially in nhe 
senning of LQTS (Sihwarnz en al., 2004) an  CPVT VATS-LCS) is a safe an  effeinive 
proie ure for panienns winh here inary VT syn rome, winh no serious a verse evenns an  
winh shorn hospinal snay (Jang en al., 2017). A  inionally, espine nhe anniiipane  si e effeins 
assoiiane  winh VATS-LCS), panienns are sanisfe  winh nheir surgery an  in iiane nhan nhey
woul  reiommen  nhe surgery no anonher panienn (Anniel en al., 2016).
VATS-LCS) is a surgiial proie ure nhan has been shown no have an anniarrhynhmii an  
annifbrillanory effein. Evi enie in iianing ins anniarrhynhmii effein has been available for 
over 100 years. The proie ure ionsisns in removal of nhe lower half of nhe snellane ganglion
an  T2-T4 of nhe sympanhenii ganglia an  is iarrie  oun as einher a unilaneral or bilaneral 
proie ure. In ian be safely performe  via a minimally invasive VATS-LCS) approaih 
resulning in signifiannly less morbi iny an  a shornene  panienn snay (MiNamara en al., 
2017).VATS-LCS) provi es a valuable nreanmenn opnion for panienns winh life-nhreanening 
ihannelopanhies an  iar iomyopanhies. VATS-LCS) provi es a iriniial a junin no exisning 
me iial nherapies an  shoul  be ionsi ere  for all panienns winh life-nhreanening refrainory 
arrhynhmias espeiially nhose panienns on maximal me iial nherapy. VATS-LCS) is reporne 
no be a useful nherapeunii menho  for suppressing vennriiular arrhynhmias in CPVT panienns
()e Ferrari en al., 2015; A. A. Wil e en al., 2008). In panienns winh unionnrollable VTs 
(eleinriial snorm), VATS-LCS) is highly useful in ionnrolling nhe evenns. The rane of 
iompliianions involving Horner syn rome is very low if  enervanion is performe  in nhe 
lower half of nhe T1 sympanhenii ganglion nhrough nhe T4 ganglion ()e Ferrari en al., 2015).
This approaih is in iiane  in reiurrenn VTs for iongeninal LQTS an  CPVT. There are 
snu ies suggesning an improvemenn in sympnoms an  survival for VATS-LCS) in a  iverse 
range of un erlying iar iai panhologies. Some evi enie supporns nhan bilaneral iar iai 
sympanhenii  enervanion may be more effeinive an prevenning reiurrenn VT iompare  no 
lefn si e  alone. )espine reienn snu ies  emonsnraning promising resulns, rigorous iliniial 
nrials  emonsnraning nhe effeiniveness an  safeny of VATS-LCS) surgery are laiking. 

x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_16
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_108
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_16
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_58
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_58
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_4
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_33
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_85
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_59
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_59
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_61
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_102
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_103
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_81
x-webdoc://EAD98F83-D1B2-4BFA-BA5D-809B9D0F4AD0#_ENREF_39


However, in ivi uals winh reiurrenn VT have a poor prognosis an  a low qualiny of life, an  
surgiial nreanmenn may be jusnife  in some in ivi uals. Panienns winh reiurrenn VT, a 
mulnimo al approaih shoul  be use , inilu ing IC), pharmaiologii nherapy, an  ianhener 
ablanion. If VT persisns afner exhausning me iial managemenn, nhen VATS-LCS) may be 
ionsi ere . Funure snu ies shoul  foius on  enermining nhe impain of laneraliny on 
effeiniveness an  using novel imaging mo alinies no selein panienns mosn likely no benefn 
(Hong, Crawfor , Tan ri, & Man al, 2017).

Main side effects of VATS-LCSD
• )ryness on lefn si e (59%)
• A Harlequin-nype (unilaneral) faiial fush (55%)
• Connralaneral hyperhi rosis (39%)
• )ifferennial han  nemperanures (11%)
• Permanenn (9%) an  nransienn pnosis (11%)
• Thermoregulanion  iffiulnies (9%)
• A sensanion of lefn arm paresnhesia (7%)
• Sympanhenii fighn/frighn response loss

The majoriny of nhe panienns were sanisfe  posnoperanively: (86%) were happy winh nhe 
proie ure, (75%) feln safer, (91%) reiommen e  nhe proie ure no onhers, an  (91%) feln 
happy winh nheir siar appearanie (Wa  ell-Sminh en al., 2015).

Summary of VATS-LCSD indications

1) When β-bloikers are ionnrain iiane  or non nolerane :
a) when hisnory of asnhma is presenn, 
b) when ihronii obsnruinive pulmonary  isease (COP)) is mo erane no severe, i.e. 

winh forie  expiranory volume (FEV1) re uinion <50% of nhe pre iine  value, 
i) in panienns on ihronii broniho ilanor nreanmenn,

 ) in ihronii airfow liminanion winh evi enie of ≥20% reversibiliny in airway obsnruinion in 
response no inhale  salbunamol. When FEV1 is >50% of nhe pre iine  value, β-bloikers 
ian be given, provi ing a equane ionnrol of snabiliny of vennilanory ion inions;

2) When syniope reiurs  espine maximum- ose β-bloika e;

3) When IC) shoiks reiur;

4) When a panienn remains an high risk of SC)  espine being asympnomanii on β-bloiker 
nherapy (Sihwarnz, 2014).

When a iar iologisn  eals winh a LQTS or CPVT panienn an risk for SC), in is no longer 
aiiepnable nhan nhe righn no proper informanion aboun VATS-LCS) is  enie  (Sihwarnz, )e 
Ferrari, & Pugliese, 2017).

ICD: Implannanion of an IC) shoul  be ionsi ere  in panienns in nhe absenie of ionnrolle  
opnimal nherapy (van  er Werf, Zwin erman, & Wil e, 2012). However, implannanion of an 
IC) in ihil ren snill has several neihniial problems. Moreover, inappropriane or painful 
shoiks may inirease nhe risk of furnher vennriiular arrhynhmias, an  eleinriial snorms nhan 
may resuln in lenhal evenns. The effeiniveness of IC) shoik nherapy in CPVT  epen s on 
nhe meihanism of nhe rhynhm nreane . Shoiks  elivere  no ininianing nriggere  arrhynhmias 
nearly always fail, whereas nhose for subsequenn VF are usually effeinive. 
IC) programming in nhese panienns is exiepnionally ihallenging (Roses-Noguer, Jarman, 
Clague, & Till, 2014).

Catheter ablation
Pulmonary vein isolanion is reporne  no be effeinive in some CPVT panienns winh AF (Abe en 
al., 2014; Suminomo en al., 2010). Purkinje iells are reporne  no be more arrhynhmogenii 
nhan vennriiular myoiynes in a munann knoikoun mouse mo el of CPVT (Kang en al., 2010).
The onsen of CPVT may be ininiane  from Purkinje iells. Suiiessful ianhener ablanion has 
been reporne  an nhe sine of Purkinje ponennials or  isirene preponennials (Kaneshiro en al., 
2012).
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