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Prenatal findings in patients with prolonged QT
interval in the neonatal period

Michael Hofbeck, Herbert Ulmer, Ernst Beinder, Erich Sieber, Helmut Singer

Abstract
Objective-To describe prenatal abnor-
malities of cardiac rhythm in patients
with prolonged QT interval in the neonatal
period.
Design-A retrospective analysis of the
results of fetal echocardiography and the
outcome in patients with prolonged QT
interval in the neonatal period who had
been referred for prenatal evaluation.
Setting-Two university hospitals.
Patients-Nine patients with prolonged
QT interval in the neonatal period who
had been referred for prenatal evaluation.
Fetal echocardiograms were obtained
from 24 to 40 weeks of gestation.
Indications were fetal bradycardia (five
patients), a family history oflong QT syn-
drome (two patients), and complex
arrhythmias (two patients).
Results-Seven fetuses had persistent
sinus bradycardia without ventricular
arrhythmias (heart rates 70-120 beats/
min). Five patients were treated with pro-
pranolol, after the diagnosis had been
established by postnatal electrocardio-
gram (ECG). One of these patients died
suddenly at the age of 3 weeks, after the
treatment had been stopped because of
profound bradycardia. One of the
remaining two patients who did not
receive propranolol had a syncope at the
age of 6 weeks. Two fetuses presented
with frequent runs of ventricular tachy-
cardia and intermittent bradycardia
caused by intermittent, functional second
degree atrioventricular block. Both
patients died on the first day of life
despite treatment with propranolol and
transvenous temporary pacing.
Conclusions-Sinus bradycardia in an
otherwise normal fetus may be a symp-
tom of long QT syndrome. Postnatal
ECGs and a family emination are
strongly recommended in these children.
In fetuses with frequent runs ofventricular
tachycardia and intermittent second
degree atrioventricular block long QT
syndrome should be suspected prenatally.
These high risk patients should be deliv-
ered in centres with a paediatric cardiol-
ogy unit.

(Heart 1997;77:198-204)
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The congenital long QT syndrome is a disor-
der which carries a significantly increased risk
of life threatening ventricular arrhythmias.
Sinus bradycardia is frequently observed in the
neonatal period and in the first three years of
life.' 2 Although fetal bradycardia has been
mentioned in patients with long QT syn-
drome,3 we know of no reports focusing on
prenatal findings in these patients. We per-
formed a retrospective analysis of those
patients with prolonged QT interval in the
neonatal period who had been referred to our
centres for prenatal evaluation.

Patients and methods
From 1984 until 1994 46 patients with con-
genital prolongation of the QT interval were
diagnosed and followed in our centres. All
these patients had an intermediate or high
probability of long QT syndrome according to
the criteria defined by Schwartz et al.4 Nine of
these patients (20%) who were referred to our
institutions for prenatal evaluation form our
study cohort (table 1). Postnatal evaluation of
these nine patients showed that seven of them
could be categorised as having the Romano-
Ward long QT syndrome.56 In two patients
the diagnosis was indeterminate because addi-
tional cardiac disease might have caused QT
prolongation (spongy myocardium in patients
1 and 9). Five of our nine patients had a family
history of long QT syndrome. In four patients it
was uneventful (no syncope or sudden deaths)
and ECGs of the parents and all sibblings were
normal. The four cases with uneventful family
history included the two patients with so-
called spongy myocardium. Fetal echocardio-
graphy was performed with 5 MHz and
3-5 MHz transducers (Acuson 128) from 24
to 40 weeks of gestation (first examination:
mean 32 weeks). Our two paediatric cardiol-
ogy units performed 2400 fetal echocardio-
graphic examinations between 1984 and 1994.
Sinus bradycardia was defined as a heart rate
that was permanently slower than 120
beats/min (baseline bradycardia) recorded at
more than one examination.7 Other causes of
fetal bradycardia (blocked premature
supraventricular beats, atrioventricular block)
were excluded in our patients by M mode
echocardiography. After birth each patient had
at least one 12 lead electrocardiogram within
the first week of life. The QT interval was
measured in lead II from the onset of the Q
wave to the end of the T wave, where it inter-
sected the baseline. U waves were not
included in our measurements. The QTc was
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Table 1 Prenatalfindings

Fetal
echocardio-
graphy Prenatal rhythm

Case Family history ofLQTS (weeks) Indication (beatslmin)

1 No 24 Fetal bradycardia Sinus 90-100
2 Mother RWS 38 Family history Sinus 110-120
3 No 36 Fetal bradycardia Sinus 100-110
4 Mother RWS 28 Fetal bradycardia Sinus 110-120
5 Brother RWS 34 Fetal bradycardia Sinus 100-110
6 Brother RWS 24 Family history Sinus 110-120,

PSVCS
7 Mother RWS 28 Fetal bradycardia Sinus 70-100,

II' AV block, PSVCS
8 No 32 Complex arrhythmia PVCS, frequent VT,

intermittent II°
AV block

9 No 40 Complex arrhythmia PVCS, frequent VT,
intermittent II1
AV block

AV, atrioventricular; II°, second degree; LQTS, long QT syndrome; RWS, Romano-Ward-
syndrome; PSVCS, premature supraventricular contractions; PVCS, premature ventricular
contractions; VT, ventricular tachycardia.

calculated by Bazett's formula, dividing the
QT interval in seconds by the square root of
the preceding RR interval. Three children died
in the neonatal period: postmortem examina-
tion was performed in two of them.

Results
PRENATAL FINDINGS
Indications for the prenatal evaluation in our
nine patients (table 1) were fetal bradycardia
(five patients), a family history of long QT
syndrome (two patients), or complex arrhyth-
mias (two patients). Five fetuses had persistent
sinus bradycardia without further arrhythmias
(fig 1). The heart rate of these fetuses varied
between 90 and 120 beats/min. In one fetus
we found sinus bradycardia and frequent
supraventricular premature beats; another
fetus had sinus bradycardia with heart rates of
70-100 beats/min, supraventricular premature
beats, and intermittent second degree atri-
oventricular block. None of the seven fetuses
without complex arrhythmias had signs of fetal

hypoxia, placental dysfunction, growth retar-
dation, or central nervous system abnormali-
ties. During the same period we encountered
no other patients with baseline bradycardia
that could not be explained by an extracardiac
abnormality. The heart was structurally nor-
mal in all but one fetus, who had a perimem-
branous ventricular septal defect and
moderate hypoplasia of the right ventricle.
These seven patients were delivered sponta-
neously.
Two fetuses (patients 8 and 9) presented

with complex arrhythmias (table 2). Both had
frequent runs of ventricular tachycardia, which
were diagnosed prenatally by demonstration of
atrioventricular dissociation on M mode
echocardiograms with ventricular heart rates
that considerably exceeded the atrial heart
rates (figs 2 and 3). These tachycardias
resulted in a progressive reduction in blood
flow of subsequent cardiac cycles in the sys-
temic and umbilical arteries (fig 4). In addi-
tion both fetuses had long episodes of
ventricular bradycardia caused by an intermit-
tent second degree atrioventricular block (fig
5).

In patient 8 the arrhythmia was detected at
32 weeks of gestation. Within several days the
fetus developed fetal hydrops. We started
transmatemal treatment with oral flecainide.
Under this treatment the fetal arrhythmias
remained unchanged over a week and the fetal
hydrops increased. Suspecting it might be a
fetal long QT syndrome (because of the rare
combination of ventricular tachycardias and
second degree atrioventricular block), we
changed the transmatemal treatment after one
week to oral propranolol. The arrhythmia
improved under this treatment and the fetus
then had predominant atrial rhythm with a
heart rate of 90 beats/min and only intermit-
tent episodes of ventricular tachycardia. The
fetal hydrops remained unchanged without

Figure 1 M mode
echocardiogram in patient
1 at 33 weeks ofgestation
showing sinus bradycardia
with a heart rate of 90
beatslmin. There is a
regular relation between
atrial (black arrows) and
ventricular contractions
(white arrows).
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Table 2 Postnatalfindings

Neonatal sinus
heart rate

Case (beatslmin) Neonatal QTc Treatment Outcome

1 80 0-67 Propranolol Death at 3 wk after propranolol
was stopped

2 135 0-46 Propranolol Alive at 17 mnth, last QTc
0-48

3 100 0 55 Initially none Syncope at 6 wk, then
propranolol, alive at 8 mnth,
last QTc 0-54

4 100 0 55 Propranolol Alive at 3 yr 8 mnth, last
QTc 0-47

5 95 0-52 Propranolol Alive at 7 yr 5 mnth, last
QTc 0 47

6 90 0 50 Propranolol Alive at 4 yr 11 mnth, last
QTc 0-48

7 120 0 54 None Alive at 5 yr 4 mnth, last
QTc 0 49

8 95 0-64 Propranolol, TP Neonatal death
9 100 0-66 Propranolol, TP Neonatal death

TP, temporary pacemaker.

further progression. The fetus was delivered at
36 weeks of gestation by caesarean section
after premature rupture of membranes.
The last fetus (patient 9) was referred at 40

weeks of gestation after an arrhythmia had
been noted at a routine examination one week
earlier. Although there were no signs of fetal
hydrops, the right and left ventricle were sig-
nificantly enlarged and both ventricles showed
a reduced contractility. In this fetus we were
able to diagnose ventricular tachycardias pre-
natally by detection of atrioventricular dissoci-
ation (with ventricular heart rates exceeding
the atrial heart rates) on M mode echocardio-
graphy (fig 3). The child was delivered the
same day by caesarean section.

POSTNATAL FINDINGS AND FOLLOW UP
Those seven patients who presented with fetal
bradycardia without ventricular arrhythmias
had QTc values ranging from 0A46 to 0-67
(table 2). Baseline bradycardia with heart rates

Figure 2 Ventricular tachycardia demonstrated on an M mode echocardiogram showing the motions of the left
ventricular wall (black arrows) and the right atrium (white arrows) in patient 8 at 32 weeks ofgestation. There is
atrioventricular dissociation with a ventricular heart rate (180 beatslmin) that is considerably faster than the atrial heart
rate (120 beatslmin).

Figure 3 M mode echocardiogram in patient 9 showing the motions of the right ventricular (black arrows, above) and
the right atrial wall (open arrows, below). Initially the fetus had a ventricular tachycardia (210 beatslmin) that was faster
than the atrial heart rate (120 beatslmin). The fifth atrial contraction (larger arrow) was not conducted to the ventricles
(second degree atrioventricular block).
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Figure 4 Doppler tracing
of the umbilical cord artery
(A) in patient 8 (32 weeks
ofgestation) demonstrating
a continuous decrease of
the pulse wave in
consecutive beats. The
postnatal electrocardiogram
of the same patient shows
ventricular tachycardia
(B).
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< 100 beats/min was noted in five of seven
neonates. The child with prenatal evidence of
intermittent second degree atrioventricular
block had sinus rhythm postnatally with a sec-
ond degree atrioventricular block at heart rates
exceeding 140 beats/min.

Five of these seven patients were treated with
oral propranolol after the diagnosis had been
established by postnatal ECG. In patient 1 this
treatment was stopped at two weeks of age
because of profound sinus bradycardia with
mean heart rates below 60 beats/min. The child
had syncope at the age of 3 weeks and could
not be rescuscitated. The other four patients
who are still on this medication remained
asymptomatic without ventricular arrhythmias.
Of the remaining two patients who did not

receive oral treatment with propranolol, one
(patient 3) also had a medium size perimem-
branous ventricular septal defect. At the age of 6
weeks this child had a syncope and was resusci-
tated successfully. Treatment with oral propra-

nolol was started and the child has remained
symptom free since then. Cardiac catheterisa-
tion at the age of 6 months showed that the
ventricular septal defect had become smaller
spontaneously. In addition to a moderate
hypoplasia of the right ventricle, the child had
evidence of so-called "spongy myocardium"
with excessive trabeculations of the right ven-
tricular myocardium and increased trabecula-
tions of the left ventricular free wall. The
parents of the other child (patient 7) refused
treatment with propranolol and the child was
symptom free at the age of 5 years (QTc at the
latest follow up 0A49).

Both patients who had prenatal ventricular
tachycardia and intermittent second degree
atrioventricular block were intubated and
received mechanical ventilation immediately
after birth. Despite intravenous administration
of propranolol both patients continued to have
frequent episodes of ventricular tachycardia as
well as intermittent (functional) second degree
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Figure 5 Doppler tracing
of the umbilical cord artery
(A) and postnatal
electrocardiogram (B) in
patient 8 showing profound
ventricular bradycardia
(60 beatslmin) caused by
functional 2:1
atrioventricular block
(which resultedfrom
extreme prolongation of the
QT interval).
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atrioventricular block resulting in profound
bradycardia with ventricular heart rates of
60-70 beats/min (fig 5). We therefore used a
transvenous pacemaker in both neonates.
Although we were able to establish a stable
rhythm with ventricular pacing in patient 8 for
several hours, the ventricular arrhythmias then
recurred and the child died from intractable
ventricular arrhythmias on the first day of life.
Postmortem examination revealed a fibrosis of
the sinus node with infiltration by macro-
phages. The atrioventricular node, the bundle
of His, and the sympathetic trunks showed no
degenerative or inflammatory changes. In the

2$Mr't 20 m mV

second patient (patient 9) the ventricular tachy-
cardias were effectively suppressed by ventricular
pacing at a heart rate of 100 beats/min (a fur-
ther increase in the ventricular pacing rate was
impossible because of prolongation of the QT
interval). The child died on the first day of life
because of low cardiac output caused by poor
contractility of both ventricles. Postmortem
examination showed a normal cardiac conduc-
tion system and normal sympathetic trunks.
Histology of the ventricular myocardium, how-
ever, showed an extended system of sinusoidal
channels connected to the coronary artery sys-
tem.
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Discussion
Fetal echocardiography has provided a reliable
non-invasive tool for the diagnosis of many
fetal arrhythmias. Most prenatal arrhythmias
are of supraventricular origin.8 Ventricular
arrhythmias were much less common even in
larger series.9-'2 Information on fetal arrhyth-
mias in patients with long QT syndrome is
limited. Garson et al in their international
study reported several patients who presented
in utero with bradycardia.3 Five of 15 neonates
with prolonged QT interval reported by Villain
et al had fetal bradycardia, resulting in fetal
hydrops in one of them.' More detailed infor-
mation is available in one patient described by
Presbitero et al."3 Fetal ventricular heart rate
of 50 beats/min was detected as early as in the
16th week of gestation. A postnatal electrocar-
diogram in this patient showed sinus rhythm
of 100 beats/min. Because of considerable pro-
longation of the QT interval there was a func-
tional 2:1 atrioventricular block resulting in
ventricular bradycardia. Our patients can be
divided into two groups:

(1) PATIENTS PRESENTING WITH SINUS
BRADYCARDIA
It is not surprising that most of our patients
(seven of nine) presented with fetal bradycar-
dia, because sinus bradycardia is known to be
frequent in patients with long QT syndrome
during the neonatal period and the first three
years of life.' 2 14 Vincent explained this sinus
bradycardia as an abnormality of the sympa-
thetic nervous system resulting in slower heart
rates at birth and during early years of life,
when sympathetic tone is high and contributes
to the regulation of resting heart rate."' Sinus
bradycardia disappears in older children and
adults, in whom the resting heart rate is
mainly under parasympathetic control.2
These observations seem to fit with the sympa-
thetic imbalance hypothesis of deficient right
and overactive left sympathetic activity devel-
oped by Schwartz et al.'4

Recent studies, however, have focused on
the molecular genetics of the syndrome.'6
Three different genes have been identified, the
potassium channel gene HERG on chromo-
some 7, the potassium channel gene KVLQT1
on chromosome 11, and the sodium channel
gene SCN5A on chromosome 3.17-19 These
findings support a direct ion channel mecha-

Table 3 Outcome of neonates with long QT syndrome, functional second degree
atrioventricular block, and ventricular tachycardia
Authors Case Neonatal QTc Treatment Outcome

Di Segni et a123 1 0-68 Propranolol, TP, Alive at 1 yr
isoprenaline, PPM

Saoudi et al24 2 0 70 Propranolol ND
Scott et a125 3 0-62 TP, PPM, propranolol Death at 2 yr

4 0-67 TP, PPM, propranolol Alive at 1-5 yr
Van Hare et a126 5 0-57 Propranolol, PPM Alive at 6 mnth
Villain et all 6 0-65 Propranolol, TP ND

7 0 70 Propranolol, TP ND
8 0 70 Propranolol, TP, PPM ND
9 0-68 Isoprenaline, TP ND
10 0-60 Propranolol, TP, PPM, Alive at 11 yr

verapamil
11 0-67 Propranolol Alive at 10 yr

Hofbeck et al 12 0-64 Propranolol, TP ND
(present study) 13 0-66 Propranolol, TP ND

TP, temporary pacemaker; PPM, permanent pacemaker; ND, neonatal death.

nism rather than the sympathetic imbalance
mechanism. The early linkage of the long QT
phenotype to the H-ras gene on chromosome
11 led to the hypothesis that the mutation
affects a G protein that impairs signal trans-
duction in the sinus node.'5 The heart rate is
regulated by interaction of sinus node recep-
tors with ,B adrenergic and vagal agonists,
affecting the pacemaker current If in the sinus
node. Yatani et al demonstrated that these
automatic receptors are directly coupled to
sinus node pacemaker If channels by G pro-
teins.20 Interference with this coupling by the
reduced G protein activity, as proposed for the
long QT syndrome, could therefore produce
slower than normal heart rates by impaired
transmission of /B adrenergic agonist signals in
the sinus node cells.'5 In our study sinus
bradycardia was detected as early as in the
24th week of gestation. This finding suggests
an early manifestation of the abnormality.

Persistent fetal sinus bradycardia is rare and
has been reported with central nervous abnor-
malities, maternal treatment with /3 blockers,
excessive vagal tone, preterminal hydrops
fetalis, and intrauterine growth retardation."
We are not aware of any other fetuses who
presented during the past decade in our cen-
tres with persistent baseline bradycardia that
could not be explained by one of those extra-
cardiac problems. The differential diagnosis of
fetal sinus bradycardia includes ventricular
bradycardia resulting from blocked premature
atrial contractions as well as second degree or
third degree atrioventricular block.'0 The base-
line bradycardia of our patients was clearly dif-
ferent from the short episodes of bradycardia
occurring in normal pregnancies.2' In our
experience sinus bradycardia in an otherwise
normal fetus should always alert the physician
to the possibility of long QT syndrome, which
should be confirmed or excluded by a postnatal
electrocardiogram.

Early diagnosis and treatment of long QT
syndrome is important for these neonates
because sudden death is more likely to occur
as the initial event in children than in adults.22
Two out of three children in our cohort who
presented with fetal bradycardia and who did
not receive propranolol had either syncope or
died suddenly in early infancy. On the other
hand all of our patients showing prenatal sinus
bradycardia without ventricular arrhythmias
remained asymptomatic during treatment with
propranolol.

(2) PATIENTS WITH FUNCTIONAL SECOND
DEGREE ATRIOVENTRICULAR BLOCK AND
VENTRICULAR TACHYCARDIA (TORSADE DE
POINTES)
Patients presenting in the neonatal period with
functional second degree atrioventricular
block (due to an extreme prolongation of the
QT interval) and ventricular tachycardia
(mostly presenting as torsade de pointes) seem
to be at very high risk. At least 13 cases (table
3), including our two patients, have been
reported.' 23 26 In some of these patients brady-
cardia or arrhythmia had been noted prena-
tally; however, there is no detailed information
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on the prenatal findings. Eight patients died in
the neonatal period or in childhood. Five sur-
vived and four of them, in addition to medical
treatment with propranolol, required implan-
tation of a VVI pacemaker to increase the ven-
tricular heart rate.
Our cases show that second degree atrio-

ventricular block in association with ventricu-
lar tachycardias can be recognised prenatally
and suggest long QT syndrome. The ventricu-
lar tachycardias can be diagnosed unequivo-
cally on the basis ofM mode tracings showing
atrioventricular dissociation with ventricular
rates that are much higher than the atrial rates
(figs 2 and 3). During short runs of ventricular
tachycardia, Doppler sonography of fetal sys-
temic or umbilical arteries typically shows a
continuous decrease of the pulse wave in con-
secutive beats (fig 4). According to our experi-
ence this finding is clearly different from short
runs of supraventricular tachycardia, which
reduce systolic arterial velocities but do not
show a continuous decrease in consecutive
beats. Because these patients are at high risk
and almost always require a temporary pace-
maker in the neonatal period, they should be
delivered in centres with a paediatric cardiolo-
gist. Although perinatal mortality is high, there
is evidence that with implantation of a perma-
nent VVI pacemaker and oral propranolol
these children can have a normal life with no
further symptomS.' 23 25 26

CONCLUSIONS
Our nine patients who presented with prolon-
gation of the QT interval in the neonatal
period are probably a heterogeneous group.
QT prolongation in two of our patients may
have been associated with structural abnor-
mality (ventricular septal defect with spongy
myocardium and isolated spongy
myocardium) rather than representing a true
long QT syndrome. Furthermore because we
did not have the opportunity to perform mole-
cular genetic studies, we were unable to corre-
late our findings with the hitherto described
subtypes of the long QT syndrome.The aim of
our study is to direct attention to possible pre-
natal rhythm disturbancies in these patients
and to stimulate further prospective studies.
Careful examination of neonates with a history
of prenatal baseline bradycardia may lead to
early detection and early medical treatment of
long QT syndrome before the onset of life
threatening arrhythmias. In our opinion,
knowledge that baseline bradycardia without
further arrhythmias may be present in fetuses
of parents with long QT syndrome is impor-
tant because it may help to prevent unneces-
sary caesarean sections.

1 Villain E, Levy M, Kachaner J, Garson A. Prolonged QT
interval in neonates: benign, transient, or prolonged risk
of sudden death. Am Heart3 1992;124:194-7.

2 Vincent GM. The heart rate of Romano-Ward syndrome
patients. Am Heart3 1986;112:61-4.

3 Garson A, Dick M, Fournier A, Gillette PC, Hamilton R,
Kugler JD, et al. The long QT syndrome in children. An
international study of 287 patients. Circulation 1993;87:
1866-72.

4 Schwartz PJ, Moss AJ, Vincent GM, Crampton RS.
Diagnostic criteria for the long QT syndrome. An
update. Circulation 1993;88:782-4.

5 Russell MW, Dick M. The molecular genetics of the con-
genital long QT syndromes. Curr Opin Cardiol 1996;11:
45-51.

6 Vincent GM, Timothy KW, Leppert M, Keating M. The
spectrum of symptoms and QT intervals in carriers of the
gene for the long QT syndrome. N Engl Y Med 1992;
327:846-52.

7 Kallfelz HC. Cardiac arrhythmias in the fetus-diagnosis,
significance and prognosis. In: Godman MJ, Marquis
RM, eds. Paediatric cardiology. Vol 2. Heart disease in the
newborn. Edinburgh: Churchill Livingstone, 1979:
401-12.

8 Maxwell DJ, Crawford DC, Curry PVM, Tynan MJ, Allan
LD. Obstetric importance, diagnosis and management of
fetal tachycardias. BMJ 1988;297:107-10.

9 Kleinman CS, Donnerstein RL, Jaffe CC, Devore GR,
Weinstein EM, Lynch DC, et al. Fetal echocardiography.
A tool for evaluation of in utero cardiac arrhythmias and
monitoring of in utero therapy. Analysis of 71 patients.
Am.ICardiol 1983;51:237-43.

10 Simpson JM, Yates RW, Sharland GK. Irregular heart rate
in the fetus-not always benign. Cardiol Young 1996;
6:28-31.

11 Strasburger JF. Fetal arrhythmias. In: Garson A, Bricker
JT, McNamara DG, eds. The science and practise of
pediatric cardiology. Philadelphia: Lea & Febiger, 1990:
1905-11.

12 Ulmer HE, Mandelbaum A, Schmidt W. Perinatale
Behandlung fetaler Herzerkrankungen. Gyndkologe 1988;
21:138-47.

13 Presbitero P, Mangiardi L, Antolini R. Congenital long QT
syndrome inducing 2:1 atrioventricular block. Early
detection in fetal life. IntJ3 Cardiol 1989;24:109-12.

14 Schwartz PJ, Periti M, Malliani A. The long QT syndrome.
Am Heart,7 1975;89:378-90.

15 Vincent GM. Hypothesis for the molecular physiology of
the Romano-Ward long QT syndrome. JAm Coll Cardiol
1992;20:500-3.

16 Keating M. Linkage analysis and long QT syndrome. Using
genetics to study cardiovascular disease. Circulation 1992;
85:1973-86.

17 Curran ME, Splawski I, Timothy KW, Vincent GM, Green
ED, Keating MT. A molecular basis for cardiac arrhyth-
mia: HERG mutations cause long QT syndrome. Cell
1995:80:795-803.

18 Wang Q, Curran ME, Splawski I, Burn TC, Millholland
JM, VanRaay TJ, et al. Positional cloning of a novel
potassium channel gene: KVLQT1 mutations cause car-
diac arrhythmias. Nature Genet 1996;12:17-23.

19 Wang Q, Shen J, Splawski I, Atkinson D, Li Z, Robinson
IL, et al. SCN5A mutations associated with an inherited
cardiac arrhythmia, long QT syndrome. Cell 1995;80:
805-11.

20 Yatani A, Okabe K, Codina J, Bimbaumer L, Brown AM.
Heart rate regulation by G proteins acting on the cardiac
pacemaker channel. Science 1990;249:1163-6.

21 Southall DP, Richards J, Hardwick RA, Shinebourne EA,
Gibbens GLD, Thelwall-Jones H, et al. Prospective study
of fetal heart rate and rhythm patterns. Arch Dis Child
1980;55:506-1 1.

22 Gillette PC, Garson A. Electrophysiology and pacing.
Philadelphia: WB Saunders, 1990:468-72.

23 Di Segni E, David D, Katzenstein M, Klein HO, Kaplinksy
E, Levy MJ. Permanent overdrive pacing for suppression
of recurrent ventricular tachycardia in a newborn with
long QT syndrome. _7 Electrocardiol 1980;13: 189-92.

24 Saoudi N, Bozio, A, Kirkorian G, Atallah G, Normand J,
Touboul P. Prolonged QT, atrioventricular block, and
sudden death in the newborn. An electrophysiologic eval-
uation. EurHeartJ7 1991;12:838-41.

25 Scott WA, Dick M. Two:one atrioventricular block in
infants with congenital long QT syndrome. Am Cardiol
1987;60: 1409-10.

26 Van Hare GF, Franz MR, Roge C, Scheinman MM.
Persistent functional atrioventricular block in two
patients with prolonged QT intervals. Eludication of the
mechanism of block. PACE 1990;13:608-18.

204

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.77.3.198 on 1 M

arch 1997. D
ow

nloaded from
 

http://heart.bmj.com/

