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udden infant death syndrome: Do ion channels play a role?
avid W. Van Norstrand, BS, Michael J. Ackerman, MD, PhD
rom the Mayo Clinic, Windland Smith Rice Sudden Death Genomics Laboratory, Mayo Clinic, Rochester, Minnesota.
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It has been more than 30 years since an association
etween sudden infant death syndrome (SIDS) and abnor-
al cardiac repolarization was first postulated.1,2 Enormous

dvances in our clinical understanding of heritable arrhyth-
ia syndromes (aka “the cardiac channelopathies”), our

cientific understanding of ion channels and how mutant ion
hannels impart their proarrhythmic phenotype to the pa-
ient, and our laboratory techniques, which include high-
hroughput mutational analysis, have given us the tools to
egin to dissect a complex, multifactorial disease such as
IDS. Now, a clearer picture of how cardiac channelopa-

hies can create the pathogenic substrate for sudden death
uring the first year of life as well as the prevalence of
hannelopathic SIDS among autopsy negative sudden infant
eaths is emerging. This review highlights the substantial
rogress that has been made over the last decade, in partic-
lar highlighting the most recent findings that solidify the
ole that ion channels play in SIDS.

udden infant death syndrome
IDS is defined currently as the sudden death of an infant
nder the age of 1 year that remains unexplained after a
horough case investigation, including performance of a
omplete autopsy, examination of the death scene, and re-
iew of clinical history.3 SIDS is a complex syndrome with
ultifactorial etiologies. Since the term was first coined in

969, SIDS continues to be a diagnosis of exclusion. This
as resulted in some controversy, with some using the
iagnosis too liberally and others too infrequently. Current
ata suggest that approximately 60% to 80% of deaths
ccurring in infants younger than 1 year remain autopsy
egative4,5; thus, for both clinical case management and for
esearch purposes, a more rigorous definition of SIDS was
ought. To this end, a panel of experts sponsored by the CJ
oundation for SIDS was assembled in January 2004 to
ropose an expanded algorithm for labeling an autopsy

EYWORDS Sudden infant death syndrome; Long QT syndrome; Ion chan-
els; Genetics; QT interval; Electrocardiogram (Heart Rhythm 2009;6:
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egative infant death as SIDS. These suggested criteria are
dapted from the resulting 2004 publication in the journal
ediatrics and are given in Table 1.3

Epidemiologically, SIDS deaths spare the perinatal pe-
iod and peak in the range from 2 to 4 months, tend to spare
ome months, and bear some association with minor viral
nfections and prematurity.6 Numerous environmental risk
actors also abound, including maternal factors (e.g., smok-
ng, alcohol use, low socioeconomic status, intrauterine
ypoxia) and infant factors (e.g., male sex, prone sleeping,
haring of bedding with parents or siblings).7 Efforts such as
he 1992 “Back-to-Sleep” campaign focused on these mod-
fiable environmental risk factors, particularly avoiding the
rone sleep position. These actions produced unequivocal
uccess, as the prevalence of SIDS decreased from 1.2 per
,000 live births in 1992 to 0.546 per 1,000 live births in
006, a reduction of more than 50%, similar to reductions
een in Canada and many other countries.7,8 However, de-
pite these efforts to address environmental factors, more
han 2,200 infants died of SIDS in 2004, and it appears that
he recently witnessed reductions in deaths are leveling off.7

n addition, SIDS rates for certain ethnicities are noticeably
igher. SIDS rates among infants born to African Ameri-
ans and American Indian mothers are 2.1 and 1.9 times
igher than the rates for white mothers.8 Taken together,
hese data suggest that SIDS has a strong genetic component
n addition to any exogenous stressors confronting infants
uring the first year of life.

In support of a genetic component, a number of studies
ave examined possible genetic causes of SIDS, including
he serotonergic pathway9–11 and fatty acid oxidation path-
ays.12 However, a growing body of work has implicated

he cardiac channelopathies, particularly long QT syndrome
LQTS), catecholaminergic polymorphic ventricular tachy-
ardia (CPVT), and Brugada syndrome, in which mutations
n critical cardiac ion channels and their interacting proteins
an result in a host vulnerable to sudden death at any age,
ncluding infancy.

ardiac channelopathies and sudden death
ore than 30 years ago, both Drs. Schwartz and Maron

roposed a link between LQTS and SIDS, the first such
hannelopathy to be implicated in this syndrome.1,2 LQTS
ffects approximately 1 in 2,500 individuals,13 causing a

allmark prolongation of the QT interval on ECG. LQTS

. doi:10.1016/j.hrthm.2008.07.028
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273Van Norstrand and Ackerman Role of Ion Channels in SIDS
ost often manifests clinically as syncope, seizures, or
udden death due to its trademark arrhythmia torsade de
ointes.14 LQTS can be inherited or acquired, with the two
nherited forms of LQTS being the extremely rare autoso-
al recessive Jervell and Lange-Nielsen syndrome with

ccompanying sensorineural hearing loss, and the more

able 1 Classifications of sudden infant death syndrome
SIDS)

eneral Definition of SIDS: Sudden unexpected death of an
infant under the age of 1 year, with onset of fatal episode
appearing to occur during sleep that remains unexplained
after a thorough investigation, including complete medical
autopsy and review of both the circumstances surrounding
death and the clinical history.

ategory IA SIDS (“Classic SIDS”)
riteria: Must fit general definition above and satisfy the

requirements of each category stated below:
Clinical
● Age at death �21 days but �9 months
● Normal clinical history, including term pregnancy

(gestational age �37 weeks) and normal growth and
development

● No similarly unexplained deaths among siblings or other
close genetic relatives (uncles, aunts, or first-degree
cousins) or of other infants in custody of same caregiver

Circumstances of Death
● Investigation of the various scenes where incidents

contributing to death might have occurred does not
provide any explanation for the death

● Sleeping environment deemed safe, with no evidence of
accidental death

Autopsy
● Negative

ategory IB SIDS
riteria: Satisfies general definition and category IA

requirements, except that investigation of the
circumstances of death did not occur and/or autopsy was
incomplete.

ategory II SIDS
riteria: Satisfies Category I criteria except for �1 of the

following:
Clinical
● Age falls outside range for “classic SIDS”
● History of similar deaths (see above) but not considered

infanticide or resulting from a known genetic disorder
● Neonatal or perinatal conditions that have resolved by

time of death
Circumstances of Death
● Asphyxia or suffocation not completely ruled out
Autopsy
● Abnormal but inconclusive

nclassified Sudden Infant Death
riteria: Does not meet criteria for category I or II, but

alternative diagnoses are equivocal. Includes cases for
which autopsies were not performed.

ostresuscitation Cases
riteria: Infant found in extremis, resuscitated, and later died.

May be included in previous categories depending on
fulfillment of aforementioned criteria.

Adapted from Krous et al.3
ommon autosomal dominant Romano-Ward syndrome. To d
ate, 12 genes have been implicated in LQTS, with approx-
mately 75%15,16 of LQTS classified as LQT1 (mutations in
he KCNQ1-encoded potassium channel),17 LQT2 (KCNH2-
ncoded potassium channel),18 or LQT3 (SCN5A-encoded
odium channel).19

The genotypes for a small proportion of the remaining 25%
f affected individuals are being exposed gradually. Although
ost of this subset remains genotype negative, mutations oc-

urring at 1% frequency have been identified in a variety of ion
hannels or channel interacting proteins: cytoskeletal protein
nkyrin B (LQT4),20 KCNQ1 beta-subunit minK (LQT5),21

ERG beta-subunit MiRP1(LQT6),22 potassium channel
ir2.1 (LQT7),23 L-type calcium channel (Timothy syndrome/
QT8),24 caveolin-3 (LQT9),25 beta4 subunit of the sodium
hannel (LQT10),26 AKAP9-encoded adaptor protein yotiao,
hich interacts with KCNQ1 (LQT11),27 and cytoskeletal so-
ium channel regulator �1-syntrophin (LQT12).28

In contrast to LQTS, Brugada syndrome was first
escribed in 1992 by Pedro and Josep Brugada as a new
istinct clinical entity that included persistent ST-seg-
ent elevation, right bundle branch block, and a high

ncidence of sudden cardiac death,29 particularly in Asia,
here it manifests as sudden unexpected nocturnal death

yndrome, the most common cause of natural death in
oung Asians.30 Brugada syndrome can manifest in early
hildhood and has been diagnosed in infants as young as
days.31 Genetically, “loss-of-function” mutations in the

CN5A-encoded cardiac sodium channel are the most
ommon explanations (20%–30%) for Brugada syn-
rome.31 More recently, a mutation in the gene GPD1L
ncoding the enzyme glycerol-3-phosphate dehydroge-
ase-1–like that resulted in Brugada syndrome in a large
ultigenerational family with the disease32 and a “loss-

f-function” SCN5A phenotype was described. In addi-
ion to the sodium channel, Antzelevitch et al33 also
ecently implicated “loss-of-function” mutations in the
lpha- (CACNA1C) and beta-subunits (CACNB2b) of the
-type calcium channel as novel causes of Brugada syn-
rome.

CPVT is another cardiac channelopathy characterized by
olymorphic ventricular tachycardia in the presence of ad-
energic stimuli, particularly manifesting in childhood and
dolescence as syncope or sudden death during exertion,
xtreme stress, or emotion.34,35 Rare cases of resuscitated
ardiac arrest and sudden cardiac death occurring during
leep in patients with CPVT have been reported.36,37 Most
ften, CPVT is an autosomal dominant disease. It is char-
cterized by mutations in the RYR2-encoded cardiac ryan-
dine receptor/calcium release channel,38,39 which is the
ajor regulator of calcium release from the sarcoplasmic

eticulum during the plateau of the action potential. A re-
essive form of CPVT is caused by homozygous mutations
n CASQ2-encoded calsequestrin, the major calcium-bind-
ng protein within the lumen of the sarcoplasmic reticulum.
t is associated with more severe symptoms and earlier

isease onset.35
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hannelopathies and SIDS
he 1976 hypothesis that abnormal cardiac repolarization
temming from LQTS might play a role in SIDS was ad-
anced in 1998 by the publication of a monumental 19-year
rospective study of more than 34,000 infants, recording
CGs on the third or fourth day of life.40 Significantly, the
4 infants who died during the first year of life and were
endered a diagnosis of SIDS demonstrated a corrected QT
nterval (QTc) that was significantly longer than in either
hose infants who died of other causes or those who sur-
ived. In fact, 12 of the 24 SIDS victims had a QTc ex-
eeding 440 ms, the 97.5th percentile for the entire popu-
ation of 3- and 4-day-old infants.

Quite expectedly, this article generated a large amount of
ontroversy among the pediatric community and resulted in
n entire editorial section of Pediatrics entitled “Comments
n a Sudden Infant Death Article in Another Journal” ded-
cated to expressing concern over these remarkable and
isturbing findings.41 Central to the strong response was
oncern over instituting a widespread ECG neonatal screen-
ng program with a QTc cutoff of 440 ms. In the current
tudy, this would have detected 861 healthy infants who did
ot die of SIDS (a positive predictive value of 1.4%),
otentially subjecting these healthy infants to unnecessary
reatment and their parents to unnecessary angst.

However, what was lost in the controversy on how to
mplement such findings was what Schwartz et al40 had
emonstrated convincingly: that abnormally delayed car-
iac repolarization, whether directly reflecting the presence
f a primary channelopathy or indirectly reflecting auto-
omic instability, may be signaling an at-risk infant and a
IDS-vulnerable host. What the study convincingly demon-
trated was that infants with a day 3/day 4 QTc greater than
40 ms had an odds ratio for SIDS of 41.3 (47 for boys),40

n odds ratio significantly greater than nearly all the known
nvironmental risk factors for SIDS such as cigarette smoke
xposure or prone sleeping position. The results of this
rofound study certainly demanded further exploration into
causal link between SIDS and LQTS.
Two years later, Schwartz et al42 extended the chain of

vidence toward a primary channelopathic cause of some
ases of SIDS, with a proof-of-principle case of resuscitated
udden death during the first year of life. They reported a
4-day-old infant who presented to the emergency room
yanotic and pulseless and was defibrillated successfully
rom ventricular fibrillation. Episodes of torsade de pointes
nd a prolonged QTc of 648 ms, both hallmark signs of
QTS, were documented, and a combined therapy of pro-
ranolol and mexiletine was begun, which alleviated symp-
oms during 5-year follow-up. A sporadic mutation in the
QT3-associated cardiac sodium channel gene SCN5A was

dentified that resulted in the LQT cellular phenotype of
ncreased late sodium current when expressed in a heterol-
gous overexpression system. Given a negative family his-

ory and normal QT intervals in both parents, this child most w
ertainly would have been rendered a postmortem label of
IDS had resuscitation efforts failed.

This study was followed by two anecdotal reports of
olecular autopsies linking LQTS genes with infant death.
he first was a 9-week-old with a premortem diagnosis of
QTS, a documented QTc greater than 600 ms, and a
istory of oral propranolol therapy (5 mg/kg/day) who was
nsuccessfully resuscitated from sudden cardiac arrest by
he parents. Molecular autopsy of the LQTS genes located
he SCN5A mutation A1330P, which upon functional char-
cterization in a heterologous system demonstrated a LQT3
henotype.43 The second, also reported by Schwartz et al,
as a true SIDS case in an Italian family that contained the

ame KCNQ1 mutation, P117L, as in a classic LQT1 mul-
igenerational family.44

Ackerman et al45 subsequently performed the first sys-
ematic postmortem genetic testing of SCN5A in a popula-
ion-based cohort of SIDS. Two missense mutations, A997S
nd R1826H, were discovered in two of the 58 white SIDS
ictims but absent in 800 reference alleles. Both mutations
emonstrated delayed channel inactivation kinetics and a
wofold to threefold increase in late sodium current.45 This
ame population-based cohort was examined for potassium
hannel variants and two additional potentially pathogenic
utations were identified: a white infant with G294V-
CNH2 and an African-American infant with five different

hannel variants including T600M-KCNQ1 and V14I-
CNE2.46

Arnestad et al47 replicated these findings in a separate
ohort of 201 Norwegian SIDS cases. They examined seven
QTS susceptibility genes and reported a 9.5% (19/201)
revalence of functionally significant rare genetic variants.
he vast majority of these mutations were identified in the
ajor LQTS susceptibility genes KCNQ1, KCNH2, and

CN5A. The same group also functionally characterized the
ight previously uncharacterized rare variants identified in
CN5A. This elegant study demonstrated that 5 of the 8
ariants had increased LQT3-like late sodium current. The
ther three variants also displayed increased late current
nder various conditions.48 Some of the potassium channel
ariants also displayed functional impairment.49

Overall, these findings indicated that (1) approximately
0% of SIDS may emanate from LQTS-causing mutations
nd (2) the cardiac sodium channel assumes a prominent
osition in channelopathic SIDS. Table 2 gives a current list
f channelopathy genes implicated in SIDS pathogenesis.
lthough mutations in SCN5A account for only approxi-
ately 10% of LQTS cases, SCN5A provided half of the

are genetic variants found in the Norwegian cases, and all
f these had functional phenotypes. Consequently, a sodium
hannel-centric view of channelopathic SIDS is emerging,
nd all of the channel interacting proteins of the NaV1.5
acromolecular complex are being scrutinized carefully for

ossible SIDS-associated mutations.
Mutations in the LQT9-susceptibility gene (CAV3),
hich encodes caveolin-3,25 have been found among Afri-
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275Van Norstrand and Ackerman Role of Ion Channels in SIDS
an-American SIDS cases.50 Three of 50 African-American
nfants had CAV3 missense mutations that confer pathologic
ate sodium current properties to an otherwise intact pore-
orming SCN5A-encoded alpha-subunit. This study was
he first to implicate a sodium channel interacting protein
n the pathogenesis of SIDS. Whether SIDS-associated
utations will be discovered among the other sodium

hannel interacting proteins (beta4 subunit [LQT10] and
1-syntrophin [LQT12]) that recently have been identified
s novel pathogenic substrates for LQTS remains to be
etermined.26,28

Mutations in the newly described Brugada syndrome
usceptibility gene32 GPD1L, which encodes the glycerol-
-phosphate dehydrogenase 1–like protein, have been de-
ected in 1% of SIDS cases.51 In contrast to the acquired
gain-of-function” to the sodium channel by the caveolin-3
utations, the SIDS-associated GPD1L mutations con-

erred a profound “loss-of-function” in terms of peak so-
ium current density when expressed with an otherwise
ntact sodium channel alpha-subunit. GPD1L-SIDS would
e expected to culminate in a Brugada syndrome-like lethal
entricular arrhythmia.

Extending beyond surface ion channels, mutations in the
yanodine receptor/calcium release channel that localizes to
he sarcoplasmic reticulum of the cardiomyocyte cause
PVT, a disease that most often presents in childhood and
dolescence. A study by Tester et al34 demonstrated a novel
echanism for SIDS, with the discovery of RYR2 rare
issense mutations in 1% to 2% of unrelated SIDS cases

hat, under conditions stimulating a stress environment, im-
arted a gain-of-function to the ryanodine receptor causing
iastolic leak, similar to previously characterized CPVT-
ssociated RyR2 mutations. This study extends the diversity
f channelopathic causes of unexplained death during the
rst year of life.

An obvious challenge to establishing causality between
he presence of rare cardiac channel mutations and an in-
ant’s death is lack of documentation that the mutation-
ositive infant’s exiting rhythm was, in fact, ventricular
brillation. In lieu of this, it is critical for functional studies

o prove not only that these mutations are rare but that they
learly perturb the physiology of the channel, consistent
ith established LQTS/Brugada syndrome/CPVT-linked ar-

able 2 Channelopathy genes implicated in pathogenesis of
udden infant death syndrome

ene Channelopathy genotype Reference

AV3 LQT9 50
PD1L BrS2 51
CNE2 LQT6 47
CNH2 LQT2/SQT1 47, 49
CNQ1 LQT1/SQT2 44, 47, 49
YR2 CPVT1 34
CN5A LQT3, BrS1 42, 43, 45, 47

BrS � Brugada syndrome; CPVT � catecholaminergic polymorphic
entricular tachycardia; LQT � long QT syndrome.
hythmogenic mechanisms. Too many putative channelopa- V
hy and SIDS-associated mutations have been given a “free
ass” as a pathologic mutation by virtue of simply residing
n a known gene previously proven to cause a particular
eritable arrhythmia syndrome. The observation that 3% to
% of healthy volunteers possess rare missense “mutations”
n SCN5A has reinforced the mandate for careful electro-
hysiologic phenotyping.52 This necessary care is not re-
tricted to the sodium channel. For example, a separate
roup in Germany surveyed 41 consecutive SIDS victims
or mutations in the most common LQTS susceptibility
enes. They identified one mutation (H105L-KCNQ1) in
ne SIDS victim. However, the “mutation” yielded a func-
ionally normal potassium channel in two different heterol-
gous expression systems.53

olymorphisms and SIDS
n contrast to rare pathogenic mutations in cardiac channels
hat serve as the principal substrate for approximately 10%
o 15% of SIDS cases, the extent, impact, and implications
f common functionally significant, nonsynonymous single
ucleotide polymorphisms (SNPs) as sudden death predis-
osing SNPs during the first year of life are less clear. Take,
or example, S1103Y-SCN5A, a relatively race-specific
ommon SNP present in more than 10% of the African-
merican population. In 2002, Splawski et al54 discovered

hat S1103Y-SCN5A (denoted previously as S1102Y), with
prevalence of 13% among African Americans, was asso-

iated with a markedly increased risk (odds ratio 8.7) for
rrhythmia susceptibility, particularly in the context of other
cquired risk factors such as medications, hypokalemia, and
tructural heart disease. Subsequently, Burke et al55 ob-
erved significant overrepresentation of the S1103Y poly-
orphism among African-American adolescents and adults
hose deaths were classified as autopsy negative sudden
nexplained death.

Plant et al56 reported an overrepresentation of S1103Y
omozygotes (YY) in a large cohort of African-American
IDS cases (n � 133), suggesting a 24-fold risk for SIDS in

nfants who are homozygous for the Y1103-encoding allele
YY genotype). Additionally, although wild type-like under
ormal conditions, the S1103Y-containing sodium channel
ransformed into a channel with marked accentuation of late
odium current when exposed to extracellular acidosis,
hereby fulfilling the much-discussed triple-risk hypothesis
f SIDS involving (1) the vulnerable host (S1103Y posi-
ive), (2) an exogenous stressor (acidosis), and (3) a critical
evelopment period (the first year of life).56 Finally, we
ompleted the fourth independent study of S1103Y and
frican-American infants showing a marked overrepresen-

ation of S1103Y among African-American SIDS cases
22.5% heterozygote) compared with its anticipated het-
rozygous frequency (10%–15%).57

Another possible functionally significant sodium channel
olymorphism is V1951L-SCN5A.48 When expressed in the
etting of the most commonly spliced SCN5A transcript that
acks a glutamine at position 1077 (Q1077del-SCN5A),

1951L yields a sodium channel with increased late sodium
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urrent. V1951L initially was reported as a Brugada syn-
rome mutation.58 Subsequently it was described in 1 of
01 of SIDS cases and was absent among the Norwegian
ontrols. However, the ethnicity of the SIDS cases was not
tated explicitly. Although rare among other ethnicities,
1951L is a common polymorphism among Hispanics,
ith a heterozygous frequency of 7%.52 Like S1103Y,
1951L may be a sudden death predisposing, proarrhyth-
ic polymorphism.

ranslating these bench discoveries to the
ribside: Implications for the future
espite these foundational scientific breakthroughs over the
ast decade, translation of the two fundamental discoveries
hat (1) 10% to 15% of SIDS may be channelopathic and (2)
ommon cardiac channel SNPs may confer risk for sudden
eath at any age, including infancy, is extremely compli-
ated. Regarding the latter, should the data regarding the
roarrhythmic, sudden death predisposing common sodium
hannel SNP S1103Y compel routine genetic testing of all
frican Americans in order to identify the 10% to 15% who
ost this polymorphism? How would these S1103Y-positive
frican-American infants be monitored differently? Here is
here relative risk and absolute risk collide. Despite an

mpressive odds ratio greater than 8 (arguably one of the
ighest odds ratios or relative risks that we may see for
NPs) for increased sudden death susceptibility, the vast
ajority of the estimated 60,000 to 90,000 S1103Y-positive
frican-American infants born each year will not succumb

o unexplained sudden death during the first year of life
ecause of S1103Y’s proarrhythmic potential (overall
1,000 African-American SIDS cases per year in the
nited States).57 Perhaps the data instead should suggest

onsideration of the merits of targeted preprescription geno-
yping of African Americans prior to their receiving medi-
ations that have the potential for an unwanted QT-prolong-
ng side effect. Although how Y1103 would induce
rrhythmia in the setting of QT-prolonging agents is unclear
nd no direct association with Y1103 and drug-induced
orsade de pointes has been documented, action potential
imulations have demonstrated abnormal repolarization and
arly afterdepolarizations in the setting of concomitant
ERG potassium channel blockade, the most common
echanism of drug-induced LQTS.54

With respect to the former discovery, what actions
hould be stimulated by the knowledge that 10% to 15% of
IDS cases may stem from the presence of rare, pathogenic,
hannelopathic mutations? Universal genetic testing? Al-
hough it readily comes to mind, such an endeavor is not yet
eady for prime time. Many of the SIDS-associated channel
enes have not been included in commercially available
enetic tests thus far. Because CPVT mutations have been
iscovered as well, a combined LQTS and CPVT panel
ould have to be conducted, possibly in a tiered strategy.
everal additional difficulties with universal screening im-
ediately surface. For example, in the case of S1103Y-

CN5A, more than 10% of the 616,000 African-American L
nfants born every year8 would test positive, with the vast
ajority destined for a life free of a primary channelopathy-

nduced arrhythmia or sudden cardiac death. Moreover, the
bservation that 3% to 5% of otherwise healthy adult vol-
nteers nevertheless host a rare variant in SCN5A, the gene
ost often implicated in channelopathic SIDS, further com-

licates the issue.52 Although current data are beginning to
lucidate which mutations are functionally relevant and
ndeed pathogenic, this complex issue of distinguishing true
utations from so-called background genetic noise must be

eciphered before a genetic test can be implemented effec-
ively and universally among infants.

Perhaps the most immediate way forward is implemen-
ation of new “standards of care” for the victims and fam-
lies of SIDS. The current data argue that postmortem ge-
etic testing of a SIDS victim makes sense as part of the
nfant’s comprehensive autopsy. However, even though
robably more cost effective in the long run, insurance
ompanies currently are reluctant to pay for anything after
n infant dies. What about postmortem surveillance ECGs
f the infant’s surviving parents and siblings? Importantly,
ecause of the anonymized study design of several of the
IDS-channel investigations, the relative percentage of fa-
ilial channel mutations versus sporadic mutations among

hannelopathic SIDS remains unknown. However, taking
hese findings together, it seems reasonable to recommend a
2-lead ECG recording for first-degree relatives of a SIDS
ictim to further investigate the possibility of familial
QTS. However, it must be stressed that such an approach
ould not provide an effective screen for CPVT, which
ould require at least a treadmill exercise stress test to
etect at-risk family members.

Then what about the charged issue of universal ECG
creening during infancy for the early detection of a poten-
ially lethal, highly treatable condition such as LQTS? Even
f the previously mentioned improvements in standards of
are following the death of an infant occur, universal ECG
creening during infancy is an issue that must be contem-
lated because of the discoveries of the past decade. Pres-
ntly, the only possible screening test for LQTS would be
he 12-lead ECG. The issues and challenges of screening for
uch a disease in an asymptomatic population would be
umerous: timing of QTc assessment (probably 2–4 weeks
f age rather than the first week of life), the QTc cutoff
alue for adequate sensitivity (probably 460–470 ms),
alse-positive results, quality control regarding QTc inter-
retation, and that much beloved cost-effectiveness query.
n addition, although the treatment of choice for clinically
iagnosed LQTS involves beta-blocker pharmacotherapy,
QT3, which the current SIDS datasets argue would ac-
ount for at least half of channelopathic SIDS, may not be
menable to beta-blockers. Although anecdotal evidence
uggests a combination of mexiletine and propranolol may
e effective for refractory LQT3,59 the best therapeutic
pproach for the asymptomatic infant who tests positive for

QT3 is unclear. Nevertheless, it should be undeniable that
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highly treatable, potentially lethal condition affecting 1 in
,500 persons (i.e. LQTS) deserves consideration for
creening, especially when several states screen for “rare as
en’s teeth” entities such as maple syrup urine disease and
very state screens for phenylketonuria. At issue should not
e whether screening for LQTS is meritorious or worthy but
hether a suitable screening test for LQTS and subsequent

reatment plan yet exists.
Finally, progress in the epidemiology of channelopathic

IDS and identification of the at-risk infant is contingent on
he full adoption of rigorous criteria for proper categoriza-
ion of an infant’s death. Considering the expanded algo-
ithm given in Table 1, deaths stemming from a previously
nrecognized and therefore undiagnosed channelopathy,
uch as those listed here, or any other heritable genetic
efect might have fallen under a category II SIDS designa-
ion had past medical history and family history been more
igorously ascertained. Future genetic studies comparing
lassic (category I) and atypical (category II) SIDS may
lucidate this distinction further. Hopefully, widespread im-
lementation of the diagnostic criteria listed in Table 1 will
urther advance the dissection of the pathogenetic mecha-
isms responsible for sudden death during infancy.

onclusion
ompelling molecular, electrophysiologic, and epidemio-

ogic evidence now exists to conclude that approximately
0% to 15% of autopsy negative SIDS cases stem from
ardiac channelopathies, chiefly long QT syndrome and
ften through perturbations of the sodium channel NaV1.5
acromolecular complex. Although novel channelopathic

auses of SIDS certainly await discovery and our understand-
ng of the significance (or lack thereof) of proarrhythmic chan-
el SNPs requires further maturation, the time has come for the
undamental discoveries of the last decade to translate into
nnovative strategies to detect and protect the at-risk infant and
is/her family members during this next decade.
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