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Abstract
Prolongation of the QT interval is the cause of about 10% cases of sudden infant death syndrome (SIDS) in
newborns but it is also responsible for about 5% of sudden deaths in adults. LQTS is associated with life threatening
arrhythmias such us torsade de pointes ventricular tachycardia or ventricular fibrillation (VF) leading to sudden
death.
Congenital causes (channelopathies) of LQTS are associated to mutations with different hereditary pattern
according affected gene but it has been proven that several drugs and electrolytic alterations can significantly
increase the QT interval. However, the cost-effectiveness of neonatal electrocardiographic (EKG) screening has
been questioned and despite studies made in newborns there is still no consensus about the best moment to make
and electrocardiographic screening.
Previous studies demonstrate that newborns with QTc values over 470 msec often normalize by themselves in
the first month of life. However in some cases these values remain high after first months of life. These cases are
more frequently in determinate ethnics (Maghreb, Morocco and India-Pakistan). These races could be linked to
cardiac electrical alterations with a hereditary pattern of variable penetrance. An EKG performed in the first month of
life will allow the early identification of still asymptomatic infants with LQTS and also infants with some correctable
congenital heart defects (CHD) not recognized by routine neonatal examinations. Appropriate therapy will prevent
unnecessary deaths in infants, children, and young adults. At the light of this literature review we could assess that
neonatal electrocardiographic screening is highly cost-effective and it may permit the early identification of infants at
risk for SIDS.
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Introduction
Long QT syndrome (LQTS) is an electrophysiological disorder
characterized by a lengthening of the repolarization phase of the
ventricular action potential (prolongation of the QT interval on the
basis of a surface EKG). Patients with this condition tend to develop
severe arrhythmias such as ventricular tachycardia, especially
polymorphic ventricular tachycardia (VT) or torsade de pointes (TdP).
These arrhythmias may lead to syncope, cardiac arrest or sudden
cardiac death in infants but also in adults [1].
Prolongation of the QT interval is the cause of about 10% cases of
sudden infant death syndrome (SIDS) in newborns, [2] furthermore it
is responsible for approximately a 5% of sudden deaths in adults. (3)
SIDS remains the leading cause of mortality in the first year of life in
the postneonatal period. Despite many hypotheses, which mainly
focus on respiratory or cardiac abnormalities the underlying
mechanisms remain unclear. Among preventable causes of SIDS are
the life-threatening arrhythmias caused by long-QT syndrome [3]. In
12% of patients with LQTS, sudden death was the first manifestation
of the disease and in 4% this happened in the first year of life [4,5].
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Long QT syndrome (LQTS) is produced by alterations in genes that
encode different ion channels (mainly potassium and sodium
channels) that lead to potentially malignant cardiac arrhythmias. They
are included among the so-called channelopathies, and genetic studies
have enabled us to identify them as entities in their own right. Some of
them may be suspected on the basis of the surface electrocardiogram
(EKG), although, given the differences in penetrance, there are
patients with these disorders and high risk of sudden death in whom
they may be masked. The channelopathies most easily recognized by
means of EKG, in addition to LQTS, are Brugada syndrome (BS),
which affects the sodium channel, and the short QT syndrome
(SQTS), which mainly affects the potassium channel [6]. LQTS can be
congenital or acquired disease. In congenital cases, LQTS is a genetic
disorder caused by mutations in several genes that mostly encode
cardiac ion channels. The QT interval prolongation on the EKG
promotes lethal arrhythmias during sympathetic activation, rest, or
sleep, according to the specific genotype [2]. The congenital causes
(channelopathies) are associated to mutations with different hereditary
pattern according affected genes. The three most common genes
associated with LQTS are KCNQ1, KCNH2, SCN5A (LQT1, LQT2
and LQT3 respectively). Types 1 and 2 are the most common forms
(42 and 45 % of genotyped families affected) and are the result of
underactive potassium channels. Type 3 accounts for about 7% of
genotyped families, and is the result of an overactive sodium channel.
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Risk of sudden death in types 1 and 2 is reduced with beta blocker
medication [7]. It has been seen that there are 4 other genes less
commonly associated such us KCNE1, KCNE2, KCNJ2 and CAV3. In
the study made by Arnestad et al., they found a high prevalence of
SCN5A mutations in SIDS which fits with their established role in
causing arrhythmias during sleep, when most SIDS deaths occur [2].
Other mutations within the same sodium channel encoding gene
(SCN5A) can result in under activity of the sodium channel and cause
Brugada syndrome (death in this syndrome also occur during sleep
due to ventricular fibrillation) and, although the QT interval is normal,
there are other electrocardiography alterations (characterized by a
coved-type ST-segment elevation ≥ 2 mm in more than one right
precordial lead (V1-V3), followed by negative T waves) [8]. Recently,
the first non-cardiac channel subtype of LQTS has been established for
the previously elusive chromosome 4-linked LQT4, namely mutations
in ankyrin B [9].

Healthcare programs have been classified in five grades of
recommendation, from A to E. Grade B programs cost less than $
20,000 per quality-adjusted lifeyear (QALY) and are rated as ‘highly
cost-effective’ [13]. A study made by Quaglini demonstrated that EKG
performed in the first month of life is cost-effectiveness. In this study it
has been analyzed the cost-effectiveness of a nationwide program of
neonatal EKG screening. Their primary analysis focused on LQTS
alone; a secondary analysis focused on the possibility of identifying
some CHDs also. Incremental cost-effectiveness analysis for the
primary analysis shows that with the screening program, the cost per
year of life saved is very low: € 11,740. The cost for saving one entire
life of 70 years would be € 820,000. These figures define ‘highly costeffective’ screening programs. The secondary analysis provides even
more cost-effective results [14].

On the other hand, acquired LQTS, can be caused by the effect of
several drugs, [10] electrolytic alterations (hypocalcaemia,
hypomagnesaemia) and physiological influences like hypothermia or
several brain injury [4]. However and despite all these studies made in
newborns, there is no consensus about the best moment to make
electrocardiographic screening. The aim of our review is to update the
information about the effectiveness of a surface EKG as a screening
method for LQTS.

Early identification of the long-QT syndrome is particularly
attractive because medications, use of automatic implantable
defibrillators, and modifications of activities have been associated with
significant reduction in risk of sudden death [15].

Methods
A review has been made in PubMed with key words like “long QT
syndrome”
“sudden
infant
death
syndrome”
“neonatal
electrocardiography” “channelopathies”. We used well designed
articles between 1992 and 2014 about LQTS and EKG screening
recommendations. At the end we finally included a total number of 20
articles.

Results
The major changes in the paediatric EKG occur in the first year of
life with the majority of normal adult values being abnormal in the
newborn. Likewise, many normal newborn values and patterns would
be abnormal in the adult. Identification of EKG abnormalities in the
newborn can be the first step toward a meaningful act of preventive
medicine in infants and adulthood. [5] It is established that newborns
with prolonged QTc (>440 msec) on the fourth day of life have an
increased risk for sudden death [11]. The QT duration may change
over time so it is recommended repeating EKG in those infants with a
prolonged QTc on the first EKG. To decrease the rate of falsepositives, implementation of EKG screening at days 15 to 25 was
advised [12]. The more prolonged the QTc interval, the greater the
likelihood of its clinical significance. A QTc close to 500 msec implies
a clear abnormality even taking into account potential measurement
errors [5]. The 18-year prospective study made by Schwartz et al., with
EKGs recorded in >33.000 infants provided the first evidence that a
prolonged QT interval on days 3 to 4 of life was associated with a
significantly higher risk of Sudden infant death syndrome (SIDS) In
this study they established a cutoff point for a normal QT interval
corrected for heart rate (QTc) at 440 msec, with a prevalence of 0.9 per
1000 newborns. With respect to BS, there are no data on Japanese
infants, but the prevalence among adults is 146.2/100 000 population.
Finally, the SQTS was identified recently, and its prevalence among
newborn infants is also unknown [11].
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Discussion

Some European countries have begun to consider the possibility of
introducing in their National Health Services the performance of an
EKG during the first month of life in all newborns, as part of a
cardiovascular screening program [5,6,16].
EKG screening and subsequent molecular testing of all neonates
with QTc>440 msec could probably identify the majority of LQTS
cases, including the ones that will not die of SIDS, but who are still at
risk of sudden death at a young age [17].
Schwartz and cols. comment on the cost effectiveness of neonatal
EKG in Italy. Their study demonstrated that neonatal EKG screening
is highly cost-effective and a significant number of lives can be saved
for an objectively small cost [13,18]. Regarding post-mortem
molecular studies 10 to 15 % of SIDS causes are due to LQTS and the
early treatment is life-saving, in neonates and their relatives. Because
of this and considering that the cost per year-of-life saved is 6,860
euros and the cost to save one life (estimating 70 years) is 500,000
euros [11,17], electrocardiographic screening is cost-effective.
In a study made by Martí-Almor et al., it has been demonstrated
that newborns with QTc values over 470 msec often normalize by
themselves in the first month of life, calling this phenomenon
“spurious QTc”. However in some cases these values remain high after
first month of life. These cases appear more frequently in determinate
ethnic groups (Maghreb, Morocco India-Pakistan). These ethnic
groups could be linked to cardiac electrical alterations with a
hereditary pattern of variable penetrance. The ethnic differences
observed probably reflect genetic differences, although they may not
necessarily be associated with a disease [6,19,20].

Conclusion
The fact that, especially in infancy, malignant LQTS is usually
associated with marked QT prolongation should stimulate an objective
assessment of the pros and cons of widespread neonatal EKG
screening performance, as recommended by the Guidelines of the
European Society of Cardiology, [21] between the third and fourth
weeks of life when prevalence of spurious marked QT prolongations
(QTc 470 msec) is minimal [5].
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Disadvantages of this screening are: must be necessary clinical
accuracy, physician resources, medicolegal responsibility and risk.
Advantages are multiple: quick and cheap diagnostic method, nonaggressive and painless, and the most important, the potential to
prevent a sudden death [22].
Newborns with a prolonged QTc interval in the first days of life
with a normalization of the values after the first month can be also at
risk of sudden death when they became adults, especially if they are
treated with some drugs that prolong the QTc interval. This aspect is
remarkable because can be the first manifestation of a low penetrance
disorder that otherwise will never be seen until a sudden death
happens later on during life [5].
Nationwide screening programs have been proposed as a costeffective means in Europe to identify LQTS and thereby prevent some
SIDS deaths [13].
In the light of this data we could assess that neonatal
electrocardiographic screening is highly cost-effective (also in difficult
economical settings) and it may permit the early identification of
infants at risk for SIDS.
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