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Abstract

Cardi ac nuscle excitation is the result of ion fluxes through
cel lul ar menbr ane

channels. Any alterations in channel proteins that produce
abnormal ionic fluxes

wi |l change the cardiac action potential and the pattern of

el ectrical firing

within the heart. The idiopathic long QI syndronme (LQTS) is an
i nherited cardiac

pat hol ogy | ocalized to nutated genes encoding for myocardial,
vol t age-acti vat ed

sodi um and pot assi umion channels. The expression of abnorma
sodi um and

pot assi um channel s results in aberrant ionic fluxes that produce
a prol onged

ventricular repolarization. This prolonged tine to
repol ari zation is the

el ectrophysi ol ogi c basis for prolongation of the QI interval.

| ndi viduals with

LQTS are at significant risk for developing | ethal ventricular
dysr hyt hm as due

to an abnormal pattern of cardiac excitation. ldentification of
a genetic basis

for LQTS has had significant inplications for genetic
counsel i ng, the devel opnent

of effective antidysrhythm c drug therapies, and nursing

i nterventions.

| NTRODUCTI ON

Al'l cells of the human body have nenbrane- spanni ng proteins,
sone of which are

ion channels. lons flowinto or out of the cell by passing

t hrough t hese

menbr ane channels.1 Any defect in a channel protein transl ates
i nto disturbances



in cellular ion novenents, thus altering the physiologic
function of an organ.

Mut at ed i on- channel proteins have been identified in nunerous
clinical

pat hol ogi es, such as cystic fibrosis,2 Liddle's syndrone of
heritabl e hypertension,3

and mal i gnant hypertherm a.4 For all of these pathol ogies, the
def ecti ve channel

protein is encoded for by a nutated gene.

The long QT syndronme (LQTS) is an inherited cardiac ion-channel -
associ at ed

di sorder. The | ast decade of research has revealed that this
syndrome represents

a group of several different genetically based nutations in
hurman nyocar di al

vol tage-activated ion channels.5,6 Miutations in these nyocardi al
vol t age-acti vat ed

channel s alter the normal flow of ions through the channels,
resulting in

ventricul ar repolarization alterations that predispose

i ndi vidual s to malignant

ventricul ar dysrhythm as, such as Torsade de pointes.

This article wll present the nol ecul ar basis of the cardiac
LQTS. Because the
primary derangenent in LQTS is |ocalized to genes encodi ng for
myocar di al
i on- channel proteins, an understanding of ion-channel structure
and function is
essential. In addition, by understanding the ionic basis of the
cardi ac action
potential and the el ectrocardi ogram (ECG, the clinical signs
and synpt ons of

LQTS will becomne clear. The abnormal nol ecul ar and
el ectrophysi ol ogi c cel | ul ar
nmechani sms associated with LQIS can serve as a nodel for
under st andi ng ot her
cardi ac dysrhythm as potentially arising fromnutated ion-
channel genes.

CARDI AC | ON CHANNELS

In general, there are two maj or groups of ion channels. One
group incl udes

channel s whose activity is regulated by the binding of |igands,
such as

neurotransmtters and hornones. The second group consists of



channel s that are

vol t age-acti vated. 7 Vol tage-activated channels are responsible
for generating

action potentials in neuronal cells and in skeletal and cardiac
nmuscl e cells.

The heart has primarily three types of voltage-activated ion
channel s:

1. sodium (Na+) channel s

2. cal cium (Ca2+) channels

3. potassium (K+) channels

D fferent genes contain information about the protein structure
of each of these

channel s. The channel genes and chronosonal |ocations are
presented in Table 1.

The structure of an ion channel can be a single protein or a
combi nati on of five

different subunits referred to as [al pha]l, [al pha]2, [beta],

[ gamma], and

[delta].8 Each subunit is conposed of one or nore domains that
are created from

I i nked ami no acids spanning the cell nenbrane as inward and
outward | oops. The

i on-channel architecture is such that the assenbly of [al pha]l
subunit domai ns

within the nenbrane produces a pore through which ions can fl ow
into or out of

the cell (Fig 1). Oher subunits coassenbling with the [al pha]l
subunit may pl ay

aroleinregulating the activity of the ion channel. 1,9, 10

The influx or efflux of an ion is governed by the chem cal and
el ectri cal

gradient, that is, the difference in the chem cal or electrical
char ge

concentration between the intra-and extracellular conpartnments. 8
lons wll flow

passively (no energy use) toward regi ons where their
concentration is |owest,

and, because ions are charged particles, they will also nove
toward their

opposi ng charge in an electrical field. Thus, the pull on an ion
into or out of

the cell is determ ned by both the chenical and electrica

gradi ent for that



particular ion. Any condition that increases or decreases the
ionic or

el ectrical gradient will change the dom nant force determ ning
the direction in

whi ch that ion noves.

Whereas the chem cal or electrical gradient determ nes the
direction of an ion

flux, the open or closed state of the channel pore wll
determ ne whet her an ion

can pass through the nenbrane channel. Na+, Ca2+, and K+
channel s are voltage-acti vat ed;

therefore, the nenbrane voltage or charge determ nes the open,
cl osed, or

resting state of the pore. The pore-form ng subunit of the ion
channel contains

a region that acts as a nenbrane vol tage sensor. Upon detecting
a change in

menbr ane charge, the channel undergoes a conformational change,
resulting in a

transition froma closed or resting state to the opening of the
channel pore.9

This change is called channel activation. A change in nenbrane
potential is also

responsi bl e for conformati onal changes in the channel that
result in a

transition froman open pore to a closed pore. This change is
cal | ed channel

i nactivation.1l Sone channels also exhibit tine- and ion-
dependent activation and

i nactivation. However, for sinplicity, only the menbrane voltage
dependence for

activation and inactivation of the Na+, Ca2+, and K+ channels
will be presented

in detail when discussing the ventricular action potential.

| on novenent through an open channel pore is referred to as

el ectri cal

signaling. The novenent of a charged nol ecul e across a resistor,
the cell

nmenbrane, generates a current.l1l In el ectrophysiology, this ionic
current is

denoted by the synbol Ix, the x representing the specific ion
passi ng t hrough

the channel. lon influx is an inward current, whereas ion efflux
is an outward

current. The ionic current, direction of ion novenent, and



effects on the cel

menbr ane for each of the nmyocardi al voltage-gated channels are
listed in Table

2. Inward currents carrying positively charged ions produce
menbr ane depol ari zati on.

In other words, the usually negatively charged i nner cel

menbr ane becones | ess

negative, or nore positively charged. For exanple, the change in
the resting

menbrane potential from-80 nV to -20 nV is depol ari zati on.
Repol ari zati on

refers to the nenbrane voltage returning back toward its nore
negati vely charged

resting nmenbrane potential. Qutward currents carrying positively
charged ions

are primarily responsible for repolarization. The follow ng
section wll

illustrate how the ionic currents, working in concert, generate
a ventricul ar

action potential.

VENTRI CULAR ACTI ON POTENTI AL

The ventricul ar action potential represents changes in the cel
menbr ane vol t age

as a result of electrical signals or currents generated
primarily by the flow of

ions through Na+, Ca2+, and K+ channels. 11 The normal shape and
duration of the

action potential are sunmarized into five phases, phase 0

t hrough phase 4 (Fig

2).

The cardiac cell resting nmenbrane potential is maintained at
appr oxi mat el y- 80 nmv

by the efflux of positively charged K+ ions through K+ channels.
This efflux is

the inward rectifier current, 1Kl 12 Phase 0 is the upstroke of
t he action

potential and corresponds to a large influx of positively
charged Na+ ions

t hrough Na+ channels. This very large but brief influx of
positive charge

results in nmenbrane depol arization. The influx of Na+ ions (INa)
is due to

channel activation as the nmenbrane is depolarizing but is also
very bri ef

because depolarization rapidly inactivates the Na+ channel . 13



Phase 1 is an early and brief period of nenbrane repol arization
due to a

transient efflux of K+ ions through K+ channels. This efflux is
cal l ed the

transi ent outward current, Ito.14

Phase 2, the pl ateau phase, refers to that period when the
menbrane is

mai ntained at a relatively constant | evel of depolarization due
to a bal ance

between an i nflux of positively charged Ca2+ ions and an effl ux
of positively

charged K+ ions. 13 The influx of Ca2+ ions (1Ca) through L-type
Ca2+ channel s

drives the nmenbrane potential toward a depol arized state while
the K+ ion efflux

t hrough K+ channel s count er bal ances by pushi ng the nmenbrane's
charge back toward

repol ari zati on. As the plateau phase progresses with tinme, the
Ca2+ channel s

begin to inactivate, and the efflux of K+ ions becones the
predom nant current.

This K+ efflux is ternmed the delayed rectifier current, IK 15

Phase 3 is the | ate phase of repolarization and is primarily due
to the

cessation of ICa and the continued efflux of K+ ions. Two K+
currents are

primarily responsible for phase 3. The first current is IKr, the
rapidly

activating rectifying K+ current. The second current is IKs, the
sl oMy

activating rectifying K+ current. 16

The | ast phase of the action potential, phase 4, represents the
menbr ane vol t age

returning to its negatively charged resting potential. As stated
earlier, the

resting nenbrane potential is maintained by IKIL.

In summary, the ventricular action potential reflects tinme-
dependent changes in

t he menbrane potential, primarily due to an intricately
coordi nat ed novenent of

Na+, Ca2+, and K+ ions through their respective channels.
Alterations in one or



nore of these ion currents will inevitably change the
configuration of the
action potential. The duration, or tinme span, of the action
potential can be
prol onged when there is a | oss of bal ance between the inward
novenent of
positively charged ions through Na+ and Ca2+ channels and the
out war d novenent
of positively charged ions through K+ channels (Fig 2).9 A
| arger or prol onged
influx of positive charge carried by INa and | Ca as the channel s
remain in an
activated state wll prolong the plateau phase and interfere
wi th phase 3
repol ari zati on. A decreased efflux of positive charge when K+
channel s are not
activated, or remain inactivated, results in prolongation of
phase 3 repol arization.
A characteristic finding in LQTS is a prolonged action potenti al
duration, due
to either a sustained inward Na+ current or a decreased outward
K+ current. This
prol onged action potential duration corresponds to a prol onged
time to
repol ari zation and is the el ectrophysiologic basis for the
prol onged QT interval
associated with inherited LQTS.

ELECTROCARDI OGRAM

In the clinical setting, the ECGis a surface recording of the
el ectri cal

activity generated by the flow of ions through nyocardi al

vol t age-acti vat ed

channels. The QRS conplex, T wave, ST segnent, and QT interval
(the period from

t he beginning of the QRS conplex to the end of the T wave) are
t he nost

pertinent aspects of the ECG recordi ng when di scussing the LQTS.
Each of these

four ECG paraneters corresponds to particul ar phases of the
ventricul ar action

potential. An understanding of the ventricular action potenti al
ionic fluxes and

their correspondence with the ECGw Il illustrate the

el ect rophysi ol ogi ¢ basi s

of LQTS-associated ECG abnornalities.



The brief influx of Na+ during phase 0 of the action potenti al
corresponds to

t he beginning of the QRS conplex. Ventricular depolarization is
recorded during

the QRS conplex. The T wave corresponds to ventricular
repol ari zati on. Because

K+ currents are responsible for ventricular repolarization, the
T wave of the

ECGis a graphic recording primarily of IKr and I Ks.17 The ST
segment represents

t he pl ateau phase. Under normal conditions, the ST segnent is

i soel ectric

because the nenbrane potential during the plateau phase is kept
at a constant

vol tage for a period of tinme.18 The QT interval captures the
time required for

cardi ac depol ari zation and repol ari zation; 17,19 therefore, the
Qr interva

corresponds to the action potential duration.20 Any change in
ionic currents

that | engthens the action potential duration will also |engthen
the QT interval

Thus, a longer QT interval would be expected if the depol ari zing
currents | Na

and |1 Ca were prolonged or if the repolarizing currents IKr, |Ks
wer e reduced

(Fig. 2).

Prol onged cel lul ar repol ari zation can be inferred by neasuring
the QT interva

on an ECG recording. Typically, the QI interval is normalized to
t he individual's

heart rate, so that as the heart rate increases, the QI interval
will shorten.

The corrected QT interval (QTc) is calculated using Bazett's
formul a.21 The QT

i nterval has been shown to be slightly longer in normal wonen,
conpared with

men. 22 This may be expl ained by differences in the abundance of
ionic currents

in male and femal e ventricular cells.23 The observation of Qr

i nterval

shortening in nen during and after puberty suggests androgen-
nmedi ated effects on

ionic currents associated with the QI interval. 24

The following section will outline the specific gene nutations



and channel - associ at ed
derangenents of the inherited LQTS.
LONG QT SYNDROMVE
CGenot ype

The hereditary formof LQTS is divided into two major types. The
Jervel |

Lange-N el sen (JLN) syndrone and the Romano-Ward syndrone are
det er m ned based

on the genotype and the presence or absence of bilateral,
congeni tal deafness. 25

Jervell and Lange-N el sen were the first to describe a LQIS |ike
pattern in a

Norwegi an fam |ly.26 Four of six children presented with a

prol onged QT interval,

epi sodes of syncope, and congenital hearing |loss. Three of the
children died at

a young age from sudden cardi ac death. Later reports by Romano
and col | eagues 27

and by Ward 28 described simlar events in other famlies,

t hough there were no

i nstances of hearing loss. It is now accepted that JLN syndrone
and the

Romano- Vard syndrone belong to a group of congenital, inherited
forms of LQIS.

These pat hol ogies are commonly referred to as idiopathic LQTS.

JLN syndrone is inherited in an autosonmal recessive pattern with
acconpanyi ng

congenital deafness and is differentiated according to the
nmut at ed gene. The

first type, JLNl, is associated with a nutation in the K+
channel gene KVLQT1. 29

The second type, JLN2, is associated with a nutation in the
KCNEL1 gene, which

encodes for the IsK (m nK) subunit of the |IKs channel.30 Ronano-
Ward syndrone is

inherited in an autosonmal dom nant pattern and is now recogni zed
as six

di fferent nol ecul ar genotypes of LQIS. These six types are
identified, according

to genotype, as follows: LQI1, LQT2, LQr3, LQTr4, LQT5, and LQT6.

The LQT1 formis linked to a nutation in the KVLQI1l gene
(chronobsonme 11pl5.5),

whi ch encodes for a K+ channel. 31,32 The current involved is
| Ks, an outwardly



rectifying current participating in phase 3 repolarization. The
abnor mal K+
channel exhibits a |oss of function.32 A decrease in IKs results
in a reduced
efflux of K+ ions, which prolongs ventricular repolarization. 31

LQT2 is associated with a nutation in the human ether -a- go-go-
rel ated gene,

HERG, (chronpbsone 7g35-36).33 HERG was originally identified by
war nke and

Gr anet zky, 34 based on honology to the Drosophila fruitfly ether-
a- go- go (eag)

gene, which encodes for a Ca2+-activated K+ channel. Upon
exposure to ether,

t hi s channel produces rapid novenent of the fly's |inbs, giving
rise to the nane

ether-a-go-go.16 LQT2 is linked to a defective K+ channel that
conducts IKr, the

ot her major outward current participating in phase 3
repol ari zati on. The nut at ed

K+ channel exhibits dimnished function, likely due to either a
reduction in the

nunber of working channels or a normal nunber of channels that
have a reduced or

absent function.5 As in LQT1l, the reduced channel function
results in prol onged

repol ari zati on. Because the normal HERG encoded K+ channel
appears to have a

role in suppressing abnormal ventricul ar depol arization that
coul d cause

premature electrical firing, individuals with LQI2 may be nore
vul nerable to

arrhyt hnogeni ¢ afterbeats and sudden cardi ac death. 8

The LQT3 formis linked to a mutation in the cardi ac Na+ channel
gene SCN5SA

(chronmosome 3p21-24).35 The nutated Na+ channel is unable to

i nactivate during

phase 0 rapid depol arization, resulting in repetitive opening of
t he channel and

a sustained inward current that interferes with cellul ar
repol ari zati on, thereby

prol ongi ng the action potential.5

Al though LQT4 is linked to chronosone 4(g25-27), a specific gene
has not been
identified. It is also unclear which particular cellular



structure(s) may be

involved in this formof LQIS. Schott and col | eagues 36 have
specul at ed t hat

cal ci um cal nodul i n ki nase, an intracellular enzyne that

regul ates the activity

of some ion channels, could be a candi date gene product of this
mut at i on.

The KCNE1l gene (chronosone 21) is nutated in LQI5. 37 KCNE1
encodes for the IsK

subunit of a K+ channel that conducts IKs involved in phase 3
repol ari zati on. 38-40

The LQT6 designation is applied to those famlies presenting
with the long QT

phenot ype that does not link to any of the other identified
genot ypes.

The majority of idiopathic LQIS cases are linked to nutations in
t he K+ channel
genes HERG and KVLQT1, with a minimal nunber accounted for by a
nmutation in the
Na+ channel gene SCN5A. However, because no genotype has been
specified for some
synptomatic individuals, the quantitative distribution of cases
according to
genotype coul d change as new genetic loci for idiopathic LQTS
are identified,41
and it nmay be found that other ionic channels, such as the L-
type Ca2+ channel
are invol ved.

Phenot ype

The estinmated incidence of inheritable LQTS is 1 in 10, 000-
15,000.8 O all

i ndi vi dual s di agnosed with inheritable LQTS, approximtely one-
third are

identified during evaluation of an unexpl ai ned epi sode of
syncope or sudden

death prevented by nedical treatnent. The majority of

i ndi vi dual s are di agnosed

during famlial LQTS screening initiated when another famly
menber has

experi enced an unexpl ai ned syncopal or cardiac arrest episode
that is attributed

to LQTS. 8 Untreated, synptomatic individuals with LQTS risk a
10-year nortality

of approxi mately 50% 8 The overall incidence of sudden death has



been esti nat ed

at 10-30% for synptomatic LQIS individuals, with the risk of
sudden death

greatly increasing in those who have frequent episodes of
syncope or are

resuscitated fromcardiac arrest. 41

Typically, LQTS is characterized by a prolonged QT interval; T-
wave alternans;

and unexpl ai ned syncope, seizures, or sudden cardiac death.42 A
Qrc of 0.46

second or |onger has been recomended as di agnostic of LQTS. 8
LQTS- associ at ed

syncope appears to be due to a transient dysrhythm a, nost
commonl y Tor sade de

poi ntes. Torsade de pointes appears on the ECG as a tw sting of
the QRS points

around an axis (the isoelectric line).41 In the majority of
cases, the

dysr hyt hnogeni a-i nduced syncope occurs when an i ndi vi dual
becones acutely

aroused, 42 either by an enotional or auditory stinulus, or by
physi cal activity,

such as a sporting event. Torsade de pointes can progress into
ventri cul ar

fibrillation and sudden cardi ac death. 41

The cellul ar events responsible for dysrhythnogenesis during
stressful states

have not been clearly established. One explanation centers on
the L-type Ca2+

channel . Mai ntaining the menbrane at a nore positive potenti al
during prol onged

repol ari zati on may reactivate the L-type Ca2+ channel

pr edi sposi ng t he

myocardiumto early afterdepol ari zations that provoke
dysrhythm c activity. 43, 44

During stress, catechol am ne-induced activation of cardiac beta-
adrenergic

receptors increases the activity of the L-type Ca2+ channel,

t her eby encour agi ng

t he devel opnent of early afterdepol arizations and

dysr hyt hnogenesis. Studies in

i sol ated ventricul ar nyocytes from Sprague- Dawl ey rats have
shown a | ar ger

L-type I1Ca in femal es, whereas males exhibit a larger 1Ca in
response to



bet a- adrenergi c receptor stimnulation. 45,46 Gven that the QT

i nterval duration

differs between nmen and wonen, findings of sex differences in
human ventri cul ar

| Ca woul d suggest potentially sex-associated variations in the
i nci dence and

treatnent of stress-induced dysrhythmas in LQIS patients.

Al t hough a prolonged QI interval, syncope, seizures, and sudden
unexpl ai ned
cardi ac death are characteristic findings of idiopathic LQTS,
t he presentation
of these signs and synptons is extrenely heterogeneous.
Typical ly, synptons
occur during the preteen or teenage years. The onset of synptons
coul d occur
shortly after birth or, although less likely, as late as mddl e
age. A
nonuni formclinical presentation also occurs within a specified
genot ype. For
exanple, in a single famly carrying the sane genotype, sone
menbers will be
synptomati c as others remain asynptomatic. The nol ecul ar or
cellular basis for
t hi s phenotypic heterogeneity is unknown. One conjecture is that
a particul ar
genotype that encodes for mutations in various |ocations in the
channel produces
vari abl e degrees of channel dysfunction, resulting in different
degrees of QT
prol ongation, the presence of abnormal T waves, and vari able
degrees of synptom
mani f estati on. 41

Di sease nanagenent

At the present tinme, there is no gene-targeted therapy avail able
for LQTS.

Therefore, the therapeutic managenent of LQTS is ainmed at
preventi ng mal i gnant

dysrhythm as and their consequences. The mgjority of LQIS
patients treated with

bet a- adrenergi ¢ receptor bl ockers show a reduction in the

i nci dence of new

epi sodes of syncope. 38 Phar macot herapeuti c bl ockade of cardi ac
bet a- adrenergic

receptors prevents catechol am ne-nedi ated i ncreases in L-type
Ca2+ channel



activity. However, LQTS patients frequently have an underlying
si nus bradycardi a

that requires artificial pacing (inplantable pacemaker) when

bet a- adrenergic

bl ockade potentiates the bradycardi a.47 An inpl ant abl e
defibrillator is

considered for patients who continue to experience dysrhythm as
in spite of

bet a- bl ockade and artificial pacing. Left cervicothoracic

synpat heti ¢ gangl i onect ony

(denervation) is an alternative option for those who fail to
respond to

bet a- adrenergi ¢ bl ockade. 42 The treatnent of asynptomatic
individuals with a

prol onged QI interval and who are closely related to synptomatic
LQTS i ndi vi dual s

is not clearly defined. Schwartz and col | eagues have recommended
treating

asynptomati c individuals having a prol onged QI and congenit al
deaf ness, those

who are newborns, and infants up to 1 year of age because all of
t hese

individuals are at greater risk for devel oping fatal cardiac
events. 48 The

enotional inpact of a sibling' s sudden death may al so warrant
instituting

treatment for other famly nenbers who have asynptomatic
presentations. 48

Because there appears to be a substantial incidence of nortality
associ ated with

first-time cardiac events in previously asynptomatic

i ndi vi dual s, recent

recommendat i ons suggest unconditional treatnent for al

asynpt omati c i ndivi dual s. 49

| ndi vi dual s presenting with prolonged QT interval, syncope,

sei zures, or aborted

cardiac arrest, none of which can be explained by netabolic or
ot her organic

causes, should be strongly advised to seek genetic testing to
confirmor rule

out an inheritable formof LQIS. A confirmation of inheritable
LQTS shoul d be

followed up with additional genetic testing of famly nenbers,
in particular,

parents, siblings, and children of the individual diagnosed with
LQTS. Genetic



testing of famly menbers could identify others at risk for
syncopal epi sodes

and, nost inportantly, those at risk for life-threatening
dysrhyt hm as. 41, 47

Patients with stress-induced dysrhythm as associated with LQIS
woul d benefit

fromnursing interventions that teach patients and their
significant others

effective strategi es for managi ng enoti onal and physical stress.
This woul d be

particularly inportant for pediatric and adol escent
practitioners, because the

majority of LQTS cases are identified in younger popul ations.5
The inci dence of

syncope, dysrhythm as, and, in sone unfortunate cases, sudden
deat h during

sporting events makes the managenment of exertional stress of
particul ar concern

in active school -aged groups.

I dentification of the specific nutated genes and the associ at ed
channel types

involved in idiopathic LQIS has had a maj or inpact on drug

t her apy. Phar macol ogi c

managenent of idiopathic LQTS can now be targeted to the
speci fi c channel s

i nvol ved in each of the LQI genotypes. The use of K+ channel

nodi fiers would be

nost beneficial for LQIl, whereas LQI2-associ ated prol onged
repol ari zati on can

be corrected by K+ suppl enentati on. 50 Na+ channel bl ockers, such
as nexilitine,

have been shown to be effective in shortening the QIc in LQT3.51

I dentification of the specific gene nutation in each of the LQIS
genotypes has

aided in a nore conprehensive study of the altered channel
currents. The

identified nutated genes can be placed into a cell system such
as the Xenopus

oocyte, where the gene-encoded protein woul d be expressed. Under
t hese nore

controll ed conditions, sophisticated el ectrophysiol ogic

t echni ques can exam ne

in detail the currents conducted by the expressed abnor nal
channels. In



particular, information can be obtai ned about altered conduction
ki netics or

channel responses to intracellular regulatory proteins, such as
channel

phosphoryl ati on by ki nases. These detail ed channel studies could
ultimately | ead

to nore efficacious drug managenent of the LQTS disorder.9
Lastly, advances in

cardi ac gene therapy hold the prom se of directly treating the
speci fic genes

nmutated in the various LQTS genotypes.

Several LQTS genotypes have been characterized. In addition,
ot her potenti al
genetic candi dates may exist for those synptomatic individuals
who do not |ink
to a known LQTS genotype.52 Potential cellular structures that
coul d be nutated
i ncl ude the voltage-activated L-type Ca2+ channel, regulatory
subunits
associating with K+ and Na+ channels, and intracellular enzynes
that nodify the
activity of the cardiac voltage-gated ion channels. Recently,
mutations in the
SCN5A gene (Na+ channel) were identified in a small group of
i ndividuals with ST
segnent el evations, right bundle branch bl ock, and instances of
i di opat hic
ventricular fibrillation,53 indicating that LQIS nmay be just one
of many ot her
potential ion-channel disorders originating fromnutated cardi ac
channel genes.
By under standi ng the genetics, nolecul ar events, cellular
substrates, and
el ectrophysi ol ogi ¢ phenonena i nvolved in cardi ac excitation,
clinicians wll be
readily able to incorporate into clinical practice future
devel opnents in the
genetic basis of cardiac dysrhythm as.
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Fig1.lon channel structure. The ion channel proteiniis
B composed of one or more subunits. The Na+ channel
Extracellular pore is open, allowing extracellular Na+ ion entry into the

intracellular compartment. The K+ channel pore is
closed, preventing extracellular K+ ioninflux (A). Anion
channel subunit is composed of one or more domains.
Each domain is composed of linked amino acids that span
the cell membrane as inward and outward loops. Several
domains, represented by |, I, Il and IV, form the a-
subunit of a channel (B). Source: Ackerman MJ, Clapham
DE. lon channels: Basic science and clinical disease. New
EnglJMed. 1997;36:1575-1586. SFX Bibliographic Links
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Table 2

lon Channel Current Direction Membrane effect ]

MNa Ma' Channel fo inward depolarization

Cad L type Ca* channel I inward depolarization |

K- K* channel [ MEOR P o outward repolarization '
Source: Kotz AM, Selectivity and toxicity of antidvsrhythmic drags: Molecular imersctions with ien channels, Am f Med,
101041 79—1495,
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Fig 2. The ventricular action potential and EKG recording.
The solid line represents the normal ventricular action
potential and EKG recording. Phases 0-4 of the action
potential represent various ionic currents. In idiopathic
LQTS, the action potential duration and QT interval are
prolonged, due to prolonged repolarization of the
myocardium. These prolonged parameters are depicted
by the hatched lines. Source: Ackerman MJ. The long QT
syndrome:lon channel diseases of the heart. Mayo Clin
Proc. 1998;73:250-269. SFX Bibliographic Links
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