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Summary the delvery and outcome of clinical practice.

1. In recent years, the identification of the gen&lectrical activity of the heart
defects in a ast array of monogenic disorders has

revolutionised our understanding of the basic mechanisms ~ Cardiac function is dependent upon the synchronised
underlying numerous disease processes. contraction of each of the millions of cardiac myocytes that

2. Mutations in cardiac ion channels vieabeen ™Make up he heart. This synchronisation is ackgtby a0
identified as the basis of a wide range of inheriteléctrical network that is composed of a specialised
arrhythmia syndromes, including the congenital Long Qfonducting system, including the sinoatrial node,

syndromes, Brugada syndrome, Lgre syndrome atrioventricular node and His-Purkinje fibres, and by the
Anderserg dsease and Familial atrial fibrillation. presence of ion channels in the cell membrane surrounding

3. |dentification of mutations in the human-etlaer EVEY cardiac myogte. Electricalsignals that originate in
go-go related gene (HERG)*Kchannel as the molecular the sinoatrial node tval through this network of fibres and
basis of congenital long QT syndrome type 2 also led to tHé9er action pot.entlals in the. carQIac myocytes, which in
discovery that HERG is the molecular target for thesw turn induce the influx of calcium into the myocytes that
majority of drugs (both cardiac and non-cardiac) that cautiitiate the colntractllleycle.l It is perhaps not surprising
drug-induced  arrhythmias. This has had profounﬁ‘e” that a disruption of this electrical netk, or more
implications not only for the celopment of anti- specifically dysfunction of cardiac ion channels, greatly
arrhythmic agents but for drug\dopment in general. increases the risk of cardiac ayttimias: Hoyve/er, itis a _

4. The sequencing of the human genome in a sen&latively recent concept that the underlying substrate in
represents the pinnacle of the reductionist era of molecug@'diac arrhythmias is abnormal ion channel function and
medicine. Thegreat challenge mois to re-integrate the this is in a large part is due to the dissection of the rare
information gathered during the “reductionist era” t@€netic causes of cardiac arrhythnfias.
provide a better understanding of the intachanism.
Computer modelling is likely to be &k component of that
re-integration process. Cardiac arrhythmias may be classified into twoad
groups, according to the underlying rate, i.e.
tachyarrlythmias (ecessively fast) and bradyarfthmias

The processes of diseasee @0 omple that it is (excessiely slow). Furthermorecardiac arriithmias can
excessively difficult to seen ait the laws whie control  P€ divided into subgroups depending on whethey the
them, and, although we have seen a comptaution in originate from the atria orentricles. Cardiaarrhythmias
our ideas, what has been accomplished by thve sthool @€ associated with both significant morbidity and mortality
of medicine is only an earnest of what the feittas in In particulay they can result in syncope, a transient loss of
store” ( William Osler 1849 - 1919) consciousness due to inScient blood supply to the brain,

In recent years, the identification of the gene defec® more significantlylead to death, which is classically
in a  vast array of monogenic disorderdlescribed as “sudden cardiac death”. Death due to cardiac

(http://www.ncbi.nim.nih.ge/lomim/) has reolutionised ~a/ythmia is most commonly associated witentricular
our understanding of the basic mechanisms underlyifgChyarrlythmias and is befied to account for @er 50%
numerous disease processds. the case of entricular O the 49,741 deaths per annum atiféble to
arrhythmias, the unsadling of the molecular genetics of the c@rdivascular disease in Australia
Long QT syndrome (LQTS, see below) is one sucthttp:/mwww heartfoundation.com.au) and probably

example. Suctstudies, and the wider effort of sequencing350:000 deaths in the U.SAmaking it one of the
the human genome ¥ wndoubtedly advanced our commonest indidual causes of death. Furthermore, this

knowledge of the molecular basis of disease; the gre@foup of arrhythmias has been the focus of the majority of
challenge na is to ranslate this mlution into impraiing ~ 9€Netic studies in recent yedrs.

Cardiac arrhythmias

Introduction
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Cardiac ion channelopathies

Table 1:
Cardiac lon Channelopathies
Syndrome Gene Channel Reference
1. LongQT syndrome
LQTS 1 KCNQZ Iks 13
LQTS 2 KCNHZ ler 10
LQTS 3 SCN5a Ina 42
LQTS 4 B-ankyrirf  B-ankyrin 15
LQTS 5 KCNEE Iks 43
LQTS 6 KCNE2 ler 16
2. ShortQT syndrome KCNH2 [, 27
3. Brugada syndrome SCNBa I, 29
4. Lengre syndrome SCN8a Ina 33
5. Andersers syndrome KCNJ2 Ly 34
6. Familial Atrial Fibrillaton ~KCNQ1 les 37

a. Loss of function mutations in KCNQ1 lead to a reduction in the repolarigiregifrent

b. Loss of function mutations in KCNH2 lead to a reduction in the repolarisjrayitrent

¢. Gain of function mutations in SCN5a lead to an increase in the depolarjgingrtent

d. B-ankyrin modulates sodium currents

e. Loss of function mutations in KCNE1, an auxiliary subunit jnchannels, leads to a reduction in thepolarising |
current

f. Loss of function mutations in KCNEL, an auxiliary subunitnchannels, leads to a reduction in the repolarising |
current

g. Gain-of-function mutations in KCNH2 (HERG) cause a short QT syneli.e. the opposite to the effect of loss of func-
tion mutations in KCNH2 whitccause long QT syndrome.

h. Both Brugada syndrome and Legng's syndrome ae caused by loss of function mutations in SCN5a leading ¢alacr
tion in I, current and hence slowed conduction.

i. Andersers syndrome is due to loss of function mutations in KCNJ2wdricodes the inwairrectifier current, |,.

j. Gain of function mutations in KCNQ1 can cause familial atrial fibrillation. Thehar@ism underlying this synaime
has not yet been elucidated.

Cardiac arrhythmias most often occur in the cxinte LQTS is nav sub-classified according to the gene locus.
of structurally abnormal hearts (e.goost myocardial The first locus was found in 199although it vas not until
infarction or in the context of dilated orygertrophic 1996 that the specific gene, KCNQ1*, was identified.
cardiomyopatir) but for nearly 50 years it has also beelKCNQ1 encodes the-sulunit of the slaw component of
recognised that some people willvélep lethal cardiac the delayed rectifier Kchanneﬁ'gle, which contributes to
arrhythmias despite having structurally normal heaitts. phase Il repolarisation of the cardiac action potential (see
has also been known forves 40 years that these rare Fig. 1). Thus loss of function mutations in KCNQ1 result
instances of “unexplained sudden death” were often less K efflux through | channels and thence delayed
familial and so likely to hee a gnetic basi8® In the past repolarisation of the cardiac action potentialQTS2 is
10 years the genetic basis of mani these rare congenital caused by mutations in the KCNH2 gene Ymesly
arrhythmia syndromes has been identified (seewel®he known as HERGY? which encodes the-sulunit of the
most etensiely studied is the congenital LQTS, which israpid component of the delayed rectifiet ¢hannel, }Lr.“
now known to be caused by defects in at least €erbht
gene loci, all of which encode ion channels or in the case-of
LQTS type 4 a protein thatgelates ion channel function . The cowention for naming ion channel genes is the first letter

(see Table 1). denotes the ion species (K for potassium, S for sodium, Ca for
. calcium). CN stands for channel. A fourth letter when present is an
Congemtal Iong QT syndrome arbitrary sub-family classification.oF example, members of the

. . . . . slowing activating delayed rectifieramily haze keen classified as
Congenital LQTS is associated with prolatign of subfamily Q. The final number denotes (usually in chronological

the QT mteml on the sgrface eleCtrocardIOgram (See Fig. order of discuery) individual subfamily members — thus KCNQ1
1)' ventricular arrhythm'as' syncope, and sudden death. was the first member of the Q-subfamily of khannels disoeered.
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KCNH2 result in less Kefflux during the repolarisation
phase of the action potential and hence delayed
A R repolarisation. Since its identification as the channel
responsible for LQTS2, the HERG*Khannel has been
= T extensiely studied and much of this interest is because the
-~ " EcG HERG K* channel is also the moleculargat for the ast
Qs majority of drugs (@er 700 naw identified) that cause drug-
induced LQTS, see belo'? LQTS3 is caused by mutations
| in the SCN5A gene, which encodes tesutunit of the
B Il 100 ms cardiac N& channel® The N& channel is primarily
responsible for the rapid depolarisation of the cardiac action
0 potential. Interestinglymutations in SCN5A that cause
LQTS are “@in of function” mutations that result in the
channels not switching oéluring the plateau of the action
potential, thereby resulting in an increased influx of pasiti
C i chage and a prolongation of the plateau phase of the
. ke lks 7% cardiac action potentiaf. More recentlyit has been found
e L NG S that loss of function mutations in SCN5A can also cause
cardiac arrfgthmias (Brugada syndrome and Lgree
syndrome, see below), but via a distinct mechanism to that
which causes LQTSLQTS4 is due to loss of function in
the ankyrin B gené& Ankyrin B regulates the activity of
cardiac Na channels and hence the mechanism of
arrhythmia in these patients is thought to be similar to that
in LQTS3. LQTSS5 is caused by mutations in KCNE the
B-sutunit of 1, 8° and LQT566is caused by mutations in
. i . - KCNE2, the B-sulunit of I .'% Thus it is thought that
Figure 1: Cardiac Electrical Activity LQTS5 and LQTS6 are Iét)K/rto be similar to LQTS1 and

A. The elecuncardioglgm (ECG) .ecoded from the body LQTS2 respectiely, dthough these channel subunitsvbda
surface shows tee major deflections denoted the F’-wa\vehot been as well studied as the correspondisgbunits.

QRS comple and Fwave The P-wave coersponds to
atrial depolarisation, the QRS comgl® \entricular depo- Mechanism of arrhythmia in LQTS: The case of HERG
larisation and the FWwave to ventricular epolarisation. K* channels
The QT interval measuredofn the start of the QRS com-
plex to the end of the T-wave is a measof he duration of In mary instances argfthmias in LQTS are
repolarisation. The ECG epresents the ingrated signal Precipitated by ectopic or premature bedtsThe
from all the cells that contribute to cardiac electrical activinechanism underlying the increased risk of yttinias is
ity. subtly diferent in each of the subtypes of LQTS, but in
B. A typical action potential ecoded from a ventricular €ssence thereflect an imbalance between repolarisation
myocyte The electrical activity in a myocyte is divided intocurrents and reagttion of depolarisation currents. This
5 mases: 0, rapid dep0|arisation; l, ear|¢p0|arisation; can be most Clearly illustrated in the case of HERG K
I, plateau; 111, terminal repolarisation and [\diastolic or ~ channel mutations. HERG *Kchannels hz wusual
resting potential. The caiac action potential epresents kinetics characterised by sloactivation and deactetion
the integrated signal from all the individual ionhannels but  rapid and  voltage-dependent  inaation.'®
present in the cell. ConsequentlyHERG K' channels pass little current during
C. Mutations in at least four ionhannel Comp|exes ar the plateau of the action potential, but the channels/eeco
associated with an inemsed risk of cardiac arrhythmias from inactvation during the repolarisation phase and
(see Table 1). The cardiac Nahannel (|) contributes to therefore contribte to the rapidity of. re_polarisation (see
depolarisation (inwad currents ae sown as downwar Fig. 2). However, due to slov deactvation HERG K
deflections, by convention). The delayedtifier K* chan- channels remain open for tens of milliseconds valhg
nels (|, 1) contribute to the end of the plateau and earlyepolarisation bt pass little current during this period,
phases of terminal repo|arisation_ The indaectifier K because the electrochemical gradlent férigK minimal at
channel (|,) contributes to rapid terminal repolarisation as the normal resting membrane potentiag5 m\. Howeve,
well as maintenance of the diastolic potential. if a premature stimulus aves during this period HERG K
channels will pass a large owtw current that will help to
suppress propagation of the premature beat (see Fig. 2).
Consequentlypatients who hae loss of function mutations

Like I, 1, contritutes to phase Il repolarisation of thein HERG (i.e. patients with LQTS type 2), lack this

cardiac action potential. Thus loss of function mutations ifenhdogenous anti-arrhythmic mechanism”.

currents
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recorded, one following a normally paced stimulus and the
second following a mmatue dimulus delivered at the
point of 90% repolarisation of the $ir action potential.
Closed (C) = Open (O) = Inactive (I) This voltaye waveform has then been used to \gdtadamp
slow fast HERG a CHO cell transfected with HERG *Kchannels. Atthe
resting membrane potential HERG channel® an the
closed state (C). During the early phases of the action
potential the HERG Kchannels open (O) slowly but inac-
tivate (1) rapidly; theefore passing little current (similar to
<+<— HERG that shown in B). As the vofa decreases the lannels
recover from inactivation thereby passing raaurrent; the
increase in outwat current peaks at about —40 mvhe
\ current then de@ases due to a combination of a dase
in the driving force for K and slow deactivationHowever
as many of the channelseadill in the open statealbeit
J L’ +20 mV passing little current, if a gmatue gimulus arrives thex
v 80 mV is a lalge ncrease in outwat current (i.e there is row a
mud larger electrochemical driving foce for K). This
C=0=l large autward current however decays qllg due to the
rapid inactivation of the ltannels at depolarised potentials.
The profile of cunt flow during the remainder of the sec-
C=20=z| C=20=<| ond action potential is very similar to thataoded during
the first action potential. The lage aitward current in
response to a mmatue dimulus would oppose cellular
C=0=| depolarisation and theby help to suppress theopaga-
| tion of pematue beats, and hence arrhythmias initiated by

f\f\ prematue beats**

Possibility of subtype specific therapy for LQTS

A

Figure 2: Mechanism of arrhythmiain LQTS2 By elucidating the molecular mechanisms of LQTS,
A. Vdtage-gated K channels can exist in one of #& we hae guined considerable insight into the substrate and
main conformations, closed (C), open (O) and inactive (Ipossible triggeringwents of malignant cardiac agthmias.

In the vast majority of volge-gated K channels theates Previously our understanding of the role of ion channels in
of opening (activation) and closing (deactivationg aery cardiac arrthmias prompted the widespread use of anti-
rapid, whilst the rates of transition between the open argtrhythmic drugs as either prentatve a therapeutic
inactivate states (inactivation ancecovery from inactiva- agents. Hwever, given the effects of such drugs on the
tion) are dow. Converselyfor HERG K channels theates cardiac action potential and the heterogeneity of the
of opening and closing ardow hut inactivation is very underlying arrhythmia substrate in LQTS, there continues
rapid and voltge-dependent. to be a definite pro-arrhythmic riskvimived with the use of

B. During a double pulse protocol.J channels (member these agentsWith a limited number of &ctive dugs for

of the voltge-gated K channel family pesent in the heart) LQTS, derelopment of ion channel disease specific drugs
opens rapidly giving rise to a lge aitward current whitt  has been much anticipated. At present, the mainstream
then decays slowly due to inactivation (dashed lifé)a  pharmacological thergpfor LQTS has ivolved the use of
second stimulus is given shortly after thetfpulse thexis  beta-receptor blocking drugs, whichvhabeen shown to

a much smaller outwad current as the ltannels have not significantly reduce mortalifi However, there remain a
had time to ecoer from inactivation. Corersely for considerable percentage of patients who either fail or
HERG K channels thee is relatively little curent during cannot tolerate this thernapFor this group of patients, a
the first pulse as the channels open slowly and as soonliasited range of options exist, including the gical option
they open thg inactivate In the interval between the two of a left cervical sympathectomy or the implantation of a
pulses, HERG Kchannels rapidly ecover from inactiva- pacemakr or a cardiac defibrillator in conjunction with
tion but close slowly and thefiore during a second pulse beta-receptor blocking themap The rationale of
there is a nuch larger current (as most of the channel®ar channelopatyrspecific therap is to we drugs with

in the open state), whidhen inactivates very rapidly. pharmacological properties that are able to either counteract
C. The clinical importance of the unusual kinetics obr reverse the effects of the particular ion channel disorder
HERG K channels can be seen from the response of HERGy instance, patients with the SCN5A and HERG
K* channels to pematue action potential waveforms. In mutations hee dfferential responses to Nachannel
the example shown, two action potentials have be@iockade (with meiletine) and increases in heart ratén
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particular mexletine shortened the QT intexvin patients lead to changes in clinical practice.
with the SCN5A gin in function mutation, but had no

effect on the HERG mutation patients. Patients with HER§hOrt QT syndrome

mutations had an insufficient adaptation of their QT irterv
to exercise and hence were moredik to benefit from beta-
receptor blockade.

In 2003, Gaita and colleagues identified anilies
with an inherited arrhythmia syndrome characterised by
shortening of the QT inteal?® Subsequent genetic studies
Drug induced long QT syndrome ?dentified a mu'tatiop ?n the HERG*IChaanI that resqlted

in a loss of inactiaion and hence an increase ip, |

Mary prescription medications are known to increaseurrent?” Thus a “gin of function” in HERG results in a
the risk of cardiac argtthmias. Thiswas first clearly shortening of the QT interval whereas a loss of function
identified in the Cardiac Argithmia Suppression rial  results in a lengthening of the QT intak¢see abee). The
(CAST). In the CAST studypatients with asymptomatic or increased risk of cardiac arrhythmias with either loss of
mildly  symptomatic ventricular arrhythmias afterfunction or gain of function mutations in the one ion
myocardial infarction, who were treated with the *Nachannel subnit illustrates the delicate balance of control of
channel blockrs encainide or flecainide had a higher rate @lectrical activity in the heart.
death from armfthmia than the patients assigned to
placeb?! More recently it has been realised that theBrugada Syndrome
HERG K' channel is particularly susceptible to blockade by
a wide range of drugs. Administration of these drugs Calhy
result in a phenotypeevy similar to the congenital LQTS
type 222 Inhibition of HERG has ne been reported for a
large range of both cardiac and non-cardiac drugsese
include antihistamines (e.g. terfenadinejstgointestinal
prokinetic agents (e.g. cisapride), masychoactie gyents

In 1992, Brugdaet al.?® described a clinical entity
called Brugada syndrome, in which specific
electrocardiographic features in patients with a structurally
normal heart were associated with an increased incidence of
fatal cardiac armthmias. In the ensuing years, therasw
increasing edence of a familial propensity with this
Cgyndrome and Cheet al,?® in 1998 was the first to

escribe mutations in the SCN5A gene in some patients

thioridazine), and some antimicrobials (e.g. macrolld\%ith Brugada syndrome. Prior to this, in the 1886ie
antibiotics, cotrimoxazole, and the antimalarial agefhoniers for Disease éontrol in Atianta reported  an
halofantrine)t? Terfenadine and Cisapride Ve recently abnormally high incidence of sudden death in young

been_ remvgd f_rom the .martgt by the Food and Drug immigrants from Southeast Asia, whichasvdescribed as
Administration in the United States because of the risk e Sudden Unexplained Nocturnal Death Syndrome

lethal ventricular arrhythmias and the readuilability of (SUNDS). In Japan it was calledPokkuri (unexpected
alternate drugs with similar therapeutic wityi but lower sudden death at night), in the Philippindsangungut

risk of drug-induced arrhythmias. scream followed by sudden death) and in northeast

One of the more intriguing observations in this fiel hai ; . ; .
. . . ailand, Lai Tai (death during sleep). Interestingl
has been that while drug-induced LQTS could theoret'caIE’rugada syndrome (resembles Sgl]JNDS pt)he most cor%?/non
result from blockade of gnof the outward potassium '

i ibting t larisati it tely f cause of sudden cardiac death in young adults in Asia, and
currents contribting to repolarisation, (or atternately rom o cent clinical and geneticvidence hee siggested that
drug induced failure of inastition of the invard sodium

._both these syndromes are caused by mutations in SEN5A.
current), almost all of the drugs known to cause acqqu&i

L T d d by blocking HERG e global loss of Nachannel function in the context of a

ong Q Syn ron:jg appear :]0 &E’EGX ﬁc mg: h "heterogeneous distribution of repolarising potassium
.M uta.g.ene3|s stu 1es on the ) K annel’ N hannel actiity, in particular the transient outward *K
identified the drug binding pocket in the porgioa of the

h P4 Thi ket ists of tvar tic side chai current (L), results in an abbveated upstrok of the
channet:” ThiS poCcket Consists o omatiC side Chains o giac action potential and variation in the shape of the
which are able to interact with the aromatic groups pres

; L . eIS]Iateau phase of the action potential across thé aff the

in almost all the drugs that inhibit HERG _K:hannels. ventricle. Thevariation in the shape and duration of the
Recer)tly. Caalli and c'qlleague§ haye carrlgd out a plateau of the action potential (i.e. phase 2 of the action
quanUthe s_tructure—acmty relat|o.nsh|p 'analy5|s of drug; potential, see Figure 1) in different regions of teatvicles
Ehat inhibit ';'ERG and' !dent|f|ed a  9ENeMCan result in those cells with a long plateau triggering re-
pharmacophore for HERG bindingThe pharchophore excitation of cells in which phase 2aw very shor#! This
conS|st.of three centres of mass (usually gromgﬂc rings) s been termed phaseotve-entry and can result in the
an amino_group (usually charged atyslblogl'cal pH) eneration of life threatening arrhythmias. At present, no
which together form a flattened tetrahedron. It is hoped t

h oh h dels will b ful “far silico” armacological agents V& been shown to impre
such pnarmacopnore models Wil beé USEIUIarsiiico surviva in patients with Brugada syndrome, although a role
screening of neg drugs for HERG binding activity.

D induced LOTS i . i . fha\s been proposed for quinidine, a drug that haseddyk
how b rug-induce % IS ar;]_ |mp0rtar‘1dtd;mustr?t|cr)1n 0 blocking properties, leading to a reduction in the transmural
ow basic science studies, in this case, g ofthe = g adient and hence the likelihood of phase 2 redAtry

molecular g.en(.etlcs .Of the_ cquen|taI. I.‘QTS’ canviok urrently the only efective therayy is the implantation of a
very useful insights into significant clinical problems an ardiac defibrillator
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Lenegre / Progressive ardiac conduction defect (PCCD) morphological changes in the heart and presumably
o ) interfere with the conduction of signals between cells.
PCCD or Lenegre syndrome as it is sometimes callggheresting disorders within this group are those that cause
can also be caused by loss of function mutations @atecholamingic Polymorphic ‘ntricular TBchycardia
SCN5A33 PCCD is characterised by slowedVA (cpyT). CPVT is characterised by xercise-induced
conduction. Thisraises the intriguing question as toWh yentricular taclycardia and sudden death in the absence of
do some loss of function mutations in SCNSA result igss myocardial disease or QT prolongation. The defects
Brugada syndrome whilst others result in PCCDhis 516 iy proteins that galate calcium homeostasis, including
implies that there must be other unidentified modifying,q ryanodine recep®r and calsequestrit?. The
influences. Onepossibility may be that patients with gignificance of non-ion channel genetic disorders is that
slightly lower gap junction conductance may be more prongya, jjlustrate the importance of the interrelationship

to PCCD (i.e. decreased gap junction conductanoeldv pepyeen calcium handling and ion channelvitgti(both
exacerbate the shointercellular conduction). directly and indirectly).

Andersens’ syndrome What does the future hold?

Andersers gyndrome is characterised by periodic paralysis,  The most direct result of the identification of the
cardiac arrithmias, and dysmorphic features. Plaster cardiac jon channelopathies is the confirmation that ion
a|_,.34 recently identified mutations in the gene KCNJZhannels are crucial for electrical regulation of the heart and
w_h|ch encodes .for the. background inwardly rectn‘ymgiry abnormality in ion channel function, whether it be
Kir2.1 current in cardiac myocytes, as a cause Gfirect or indirect, will greatly increase the risk of cardiac
Andersers gndrome. Kir2.1 plays an important role ingehythmias. Consequentlyhere has been considerable
terminal repolarisation of the cardiac action potential (S§fterest in understanding waeardiac ion channels function
Fig. 1). Furthermore, it has been suggested that som@q hey they are integrated to produce the synchronised
patients with mild loss of function mutations in Kir2.1 MaYactivity of the heart. In the past 10 years the major ion
not exhibit the dysmorphic featuresytbstill have the channels hae keen identified and their specific functions
cardiac arrgithmia phenotype, associated with a mildy|cigated. Thust is likely that in the next decade, the
prolongation of the QT interval. Therefore, mutations inyreakthroughs will be in understandingahthe activities of
Kir2.1 should be considered avesth locus for congenital ihese channels are regulated both acutely (e.g. by
LQTS* phosphorylation) and chronically (e.g. via gene
transcription), and in re-integrating the information
gathered during the “reductionist era” to provide a better
Atrial Fibrillation (AF) is the most common cardiacunderstanding of the electrical atty of the intact heart. In
arrhythmia, with an incidence df6% in patients wer the this respect the role of computer modelling is likely to be a
age of 65 and20% in patients er the age of 80. AF is key component of that “re-integration process”.
associated with very significant morbiditguch as an
increased risk of embolic streR® The molecular basis o
atrial arrhythmias is not well understoodwewer, in 2003, 1 Bers, D.M. Excitation-contaction coupling and
Chen and colleagues identified a mutation in the KCNQ1 cardiac contractile foce Kluwer Academic
gene (i.e. the same gene that causes LQTS type 1, see Publishers, Dordrecht, 1991
above) in one large family with familial AR’ The mutation o Keating M, Atkinson D, Dunn C,ifothy K, Vincent

identified resulted in aain of function, and thesuggested GM, Leppert M. Linkage of a cardiac aythmia
that the initiation and maintenance of AF in these patients the long QT syndrome, and the Heyvias-1 gene.

was likely to be caused by a reduction in action potential Sciencel 991:252 704-6.
duration and ééctive refractory period in atrial mygtes. 3. MarbanE. Cardiac channelopathiésature 2002; 415

Familial Atrial Fibrillation
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