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aborted cardiac arrest (ACA) (5 cases), AVB (5§ cases),
VT/TdP (5 cases), and other miscellaneous abnormalities.

The ECG on diagnosis, or immediately after birth for fetal
cases, showed that the HR and QTc interval (corrected using
Bazett formula) ranged from 50 to 160 (102+28) bpm, and
from 360 to 774 (563+70) ms, respectively.

Genotype-Phenotype Correlation

Among 41 patients who underwent genetic testing, mutations
were identified in 29 (71%) cases; including KCNQI gene
mutations (LQT1) in 11, KCNH2 mutations (LQT2) in 11,
SCNSA mutations (LQT3) in 6, and CACNAIC (LQT8) in 1.
Twelve patients also underwent genotyping, but no mutation
was found. Table 2 lists the demographic and clinical features of
these subjects (references 16, 17, and 23 reported the same cases
2, 12, and 27 in Table 2) and of those with no known mutations.

The remaining 17 subjects (6 fetuses, 8 neonates, 3 infaats)
did not undergo genetic analysis due to lack of such analysis
at that time, death soon after birth, or refusal by parents. Five
had SCD/ACA (Table 3), including a 1-day-old neonate who
had AVB and died at 57 days of age in 1984. This case was
later assumed to be LQTS, based on characteristic phenotypes
such as syndactyly. AVB and VI/TdP were observed in 7 and
S cases, respectively, in this group.

Although HR and QTc values were not different among
LQTI1, LQT2, LQT3, and mutation-negative groups, the
incidence of VT/TdP was higher in LQT2 and LQT3 com-
pared with LQT! (Table 4). The incidence of AVB tended to
be higher in LQT3 compared with LQT1 but statistically
insignificant. On the other hand, the presence of family
history of LQTS was more frequent in LQT1 than the
mutation-negative group. The incidence of sinus bradycardia
was comparable among the 4 groups (Table 4).

Table 3 lists cases with SCD/ACA; only 4 genetically
confirmed cases were included, and 4 were mutation-
negative, although the remaining 6 cases did not undergo
genotyping. These individuals showed bradycardia (97=31
bpm; 10/14 showed HR <110 bpm) and markedly prolonged
QTc (617%81 ms).

Treatment

With regard to the treatment of fetal VI/TdP, antiarrhythmic
agents were administered transplacentally in 4 of 18 fetal
cases (propranolol in 3 cases, lidocaine in 1, mexiletine in 1,
flecainide in 1, and magnesium in 1), using the method
described in detail in our previous report.'” None of the 4
cases was genetically confirmed prenatally. When 2 or 3 of
the following findings of sinus bradycardia, VT, and AVB
were observed in a structurally normal heart, LQTS was
strongly suggested, and B-blockers, sodium channel blockers
(lidocaine, mexiletine), and magnesium (Mg) were selected
as typical antiarrhythmic agents, instead of amiodarone or
sotalol, which may profong the QT interval. These drugs were
used in combination until VT/TdP was controlled and proved
effective in all 4 cases. However, preterm delivery was
conducted in 2 cases both at 33 weeks of gestation due to
recurrent VT/TdP and depression of fetal physical activity in
one and to fetal hydrops and distress in the other. In the
remaining 14 cases, pharmacotherapy was initiated after

confirmation of the type of arrhythmias after birth. However,
no fetal death was noted.

For 15 neonatal cases who presented with VI/TdP (including
those who did not undergo genotyping), acute pharmacotherapy
consisted of 2 or more of the following drugs: B-blockers,
mexiletine, lidocaine, Mg, phenytoin, and others, except for 2
cases who were treated with phenytoin alone and 1 with
mexiletine alone. Most of these cases were judged to respond the
combination therapy. In 5 neonates in whom LQT3 was strongly
suggested based on a typical ECG finding called late-appearing
T wave, mexiletine was first administered but proved insuffi-
cient, and B-blockers were also added in all 5.

For those with LQTS presenting in infancy, 6 cases
received acute pharmacotherapy (2 or all of propranolol,
mexiletine, and Mg). No additional agent was administered.
Thus, in all age groups, the acute therapy for VT/TdP
consisted of a single drug to which 1 or more drugs was then
added until the arrhythmia was controlled, independent of the
genotype. Actually, the genotype was not identified during
the acute phase in most cases. Furthermore, genotyping was
not conducted in those 17 cases who presented before 1999.

Maintenance therapy consisted mainly of B-blockers (or no
therapy) for LQT1 and mostly of mexiletine/$-blockers for
LQT2 and LQT3 (Table 2). B-Blockers were added in 8
LQT2 cases after confirmation of the genotype. In all 6 LQT3
cases, mexiletine was maintained (combined with 3-blockers)
from acute through chronic phase after determination of the
genotype.

Nine patients underwent pacemaker implantation (PMI), 5
with ventricular pacing mode (VVI) and 1 with atrial pacing
mode (AAI), from age | day to 8 years due to severe
bradycardia caused by AVB, inducing VI/TdP. In 6 cases,
VT was completely suppressed after PMI Only 2 patients had
an implantable cardioverter-defibrillator (ICD) at ages 4
(LQT3) and 25 months (mutation negative), respectively, due
to recurrent VI/TdP with satisfactory results.

QOutcome

During the follow-up period of 8 days to 23.5 years (median,
4.25 years), 7 SCD and 7 ACA were registered (age at SCD
or ACA range, 8 days to 10 years; median, 10.5 months); 6
did not have genetic testing, whereas 4 showed no mutation.
Only 4 were genetically confirmed (Table 3). One case was
later suspected to be LQTS, based on the phenotype including
syndactyly. Among the 14 SCD/ACA cases, 12 had been
under pharmacotherapy, S with both f-blockers and sodium
channel blockers, and 2 had had PM or ICD. Four cases
developed significant neurological deficits after cardiorespi-
ratory resuscitation.

Discussion
The noteworthy finding of the present study was that 49 of 58
cases (84%) were diagnosed at the fetal or neonatal period,
although this survey covered the entire infantile period.
Remarkably, two thirds of the neonatal cases were diagnosed
within 2 days of life; this period should be recognized as the
most vulnerable period. The number of cases diagnosed after
the neonatal period was only 9. Considering that the average
age at appearance of symptoms in LQT2 and LQT3 is after
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Table 2. Clinicogenetic Details

Case LQT Type Mutation Age at Diagnosis/Sex Clinical Presentation FH HR, bpm QTe, ms
1 LQaTt Thr587Met Fetus/M FH, brady + 109 561
2 Latt Ala341Val Fetus/M Brady + 110 590
3 LaTt Ala341val Neonate/M FH + 110 520
4 LaT1 lle313Lys Neonate/M FH + 102 589
5 LQaTt lle313Lys Neonate/M FH + 115 554
6 LQT1 276delSer Neonate/M Prolonged QT + 115 570
7 LQT1 Aspb11Tyr Neonate/m Brady + 80 550
8 LQTt Aspb11Tyr Neonate/F FH + ND ND
9 Lam Thr458Met Neonate/M FH + 126 530
10 Lart Gly643Ser Infant/M ACA - 109 554
11 LaTt Gly269Ser Infant/F Cyanosis - 113 586

82% 10912 56024
12 Larz Gly628Ser Fetus/M VI/TdpP, AVB - 50 631
13 Lare del(7)(a32qter) Fetus/F Tdp - 111 492
14 Lar2 Ser243+112X Fetus/F FH -+ 160 360
15 LaT2 Gly628Ala Fetus/F Syncope, VI/TdP, AVB + 78 570
16 Larz2 Thr613Met Fetus/M VI/TdP, AVB - 60 578
17 La72 Ala561Val Neonate/M Cyanosis, VI/TdP - 86 620
18 Lar2 Gly628Ser Neonate/M TdP, brady - 1M 550
19 LQT2 Thr613Met Neonate/M convulsion, VT - 140 599
20 Lar2 Gly572Ser Neonate/F TdP, AVB -~ 9N 520
21 LQr2 Alab14Val Neonate/F Syncops, VT + 98 500
22 Lar2 Asn633Ser Infant/F VI/TdP, AVB - 60 600

27% 9534 53874
23 LQT3 Ala1186Thr Fetus/M AVB + 78 679
24 LQaT3 Asn1774Asp Fetus/M convuision, VI/TdP, AVB - 115 670
25 LQr3 Val176Met Neonate/F TdP, AVB + 63 600
26 QT3 Asnd06Lys Neonate/M Syncope, TdP + 129 598
27 LaT3 Arg1623Gin Neonate/F Heart failure - 79 483
28 LAT3 Leut772val Infant/M ACA - 138 520

50% 100231 59279
29 Lars Gly406Arg Neonate/M AVB - 141 581
30 Unidentified - Fetus/F Brady + 80 554
31 Unidentified - Fetus/M Brady - 100 510
32 Unidentified = Fetus/M VT - 85 590
33 Unidentified - Fetus/M AVB - 80 600
34 Unidentified - Neonate/F Syncope - 100 647
35 Unidentified - Neonate/F Arrhythmia - 126 586
36 Unidentified - Neonate/F ACA - 11 638
37 Unidentified - Neonate/M Brady - 93 550
38 Unidentified - Neonate/F FH + 120 520
39 Unidentified - Infant/F ACA - 160 470
40 Unidentified - Infant/F ACA - 100 774
41 Unidentified - Infant/F PAC with block - 60 460

17% 104:+32 575+ 86

{Continued)

Cases 2, 12, and 27 are reported in references 186, 17, and 23, respectively. ACA indicates aborted cardiac arrest; AVB, atrioventricular block; BB, B-blocker; brady,
bradycardia; FH, family history; HR, heart rate; ICD, implantable cardioverter-defibrillator; Isp, isoproterenal; Lido, lidocaine; Mexil, mexiletine; Mg, magnesium; Nifed,

nifedipine; PAC, premature atrial contraction; Pheny, phenytoin; PM, pacemaker; SCD, sudden cardiac death.
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Sinus Brady VI/TdP AVB Acute Therapy Maintenance Therapy PMICD Follow-Up Outcome
+ - + - - - 0 mo Alive
+ — - - BB - 9y Alive
+ - - - BB - 4y, 1mo Alive
+ - — ~ BB - 11y, 10mo Alive
+ -~ - - BB - 10 mo Alive
+ - - - - - 11 mo Alive
+ - - - - - 7y, 3mo Alive
+ - - - - - 5y, 8mo Alive
- - - - - - 4y, 5mo Alive
+ - - Lido, Mexil Mexit - 9y, 1mo Alive
+ - - - - - 7y, 8mo Alive

73% 0% 9% Median 68 mo
+ + + Lido, Mg, BB, Mexil, Pacing BB, Mexil PM 3y Alive
+ + - - BB - 1y Alive
- - - - BB = 2y,2mo Alive
+ + + Lido, Mg, BB, Mexil, pacing BB, Mexil PM 8y, 1mo Aiive
+ + + Mg, Mexil BB, Mexil - 8 mo Alive
+ + - Lido, Mg, Mexil BB, Mexil - 11y, 4mo Alive
+ + + Mexil BB, Mexil - 7 mo Alive
- + - Mg, BB BB - 8y Alive
+ + + Pheny BB, Mexil - 18y, 5 mo Alive
+ + - Pheny, DC Pheny, BB - 23y, 6 mo Alive
+ + + - BB, Mexil PM 15y, 4 mo Alive
82% 91 55% Median 96 mo
+ + + Mexil Mexil PM ICD 3y, 4mo Alive
+ + + BB, Mexil, Mg BB, Mexil, Flecainide PM i1y, 4mo Alive
+ + + Lido, Mg, BB, Mexil BB, Mexil - 1y, 3 mo Alive
+ + - Lido, BB BB, Mexil - 11 mo Alive
+ + + BB, Mexil, Lido BB, Mexit PM 8y Alive
- + + Mg, BB, Mexil BB, Mexit - 3y, 2mo Alive
83% 100% 83% Median 39 mo
- + + BB, Mexil, Nifed BB, Mexil, Nifed - 3y, 2mo Alive
+ - + - BB, Mexil - 2y, 5mo Alive
+ -~ - - BB - 6y, 5mo Alive
+ + - Lido, Mg Mexil - 5y, 5mo Alive
+ - + 8B, Mexil, Mg BB, Mexil - 4 mo Alive
+ - - Lido, Mg, Isp Mexit - 4y, 3 mo Died
+ + - BB, Mg BB - 9y, 5m Alive
- + — Lido, BB, pheny, Mexil Mexil - ity 9mo Alive
+ — - - - - 9y, 6 mo Alive
- - - - - - 6 mo Alive
- + - BB, Mexil BB, Mexil ICD 7y, 2mo Alive
+ + + Mexil Mexil - 4 y3 mo Alive
+ - - BB, Maxil BB, Mexil - 7y, 5mo Alive
75% 42% 25% Median 71 mo
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Table 3. Clinicogenetic Details of Cases With Sudden CGardiac Death or Aborted Cardiac Arrest

Case No. in Age at Maintenance Therapy Acute Therapy for
Case  Table 2 Genotyping Diagnosis Age at SCD or ACA  HR, bpm QTc, ms Until SCD/ACA SCD/ACA Event
1 23 LQT3 (Alat186Thr) Fetus (28 wk) 1y, 10 mo (aborted) 78 679 Mexil Mexil, DC
2 No gene test Fetus (31 wk) 8d 60 570 Lido, Isp, Pacing, DC
3 No gene test Fetus (36 wk) 57d 90 600 BB, Mexil be
4 29 LQT8 (Gly406Arg) Neonate (0 d) 1y, 5 mo (aborted) 141 581 BB, Nifed Mexil, Mg
5 Negative result Neonate (0 d) 4y 100 647 Mexil DC
6 Negative result Neonate (0 d)  <<1 mo (aborted) 111 638 Mexil Lido, Mexil, BB, Pheny
7 17 LQT2 (Ala561Val) Neonate (1 d) 10 y (aborted) 86 520 BB, Mexil Lide, Mexit, Mg, DC
8 No gene test (possible LQT8)* Necnate (1 d) 57d 70 640 BB
9 No gene test Neonate (4 d) 5y, 4 mo 60 590 ... {refused)
10 No gene test Infant {1 mo} 2y 130 640 BB, Mexit Lido, Mg
11 No gene test Infant {1 mo) 1y, 10mo 60 740 BB, Mexil, PM Lido, Mexil, BB, Mg, Pacing
12 10 LQT1 (Gly643Sen) infant (1 mo) 1 mo (aborted) 109 554 Mexil Lido
13 39 Negative result Infant (2 mo) 4 mo (aborted) 160 470 BB, Mexil, ICD (aborted by ICD)
14 40 Negative resuit Infant (2 mo) 2 mo (aborted) 100 774 Mexil Mexil

median 10.5 mo

97+31 617481

ACA indicates aborted cardiac arrest; BB, B-blocker; ICD, implantable cardioverter-defibrillator; Isp, isoproterencl; Lido, lidocaing; Mexil, mexileting; Mg,

magnesium; Nifed, nifedipine; Pheny, phenytoin; SCD, sudden cardiac death.
*LQT8 was retrospectively possible because phenotype included syndactyly.

school age,? we speculate a considerable number of patients
are considered to go through infancy uneventfully.

Garson et al* reported 287 patients with LQTS age <21
years; their mean=SD age at presentation was 6.8+5.6; and
9% presented with cardiac arrest, 26% with syncope, and
10% with seizures. Although 20% of their subjects were <1
month of age, they did not investigate that age group
separately. In the present study, confined to the subjects age
<1, clinical features were largely different; that is, the
incidence of malignant arrhythmias and bradycardia was
high®7 whereas that of syncope and seizures was low.

Regarding genotype-phenotype correlations, Zareba et al'®
investigated child and adult LQTS and reported that LQT1
was associated with the highest risk of first cardiac event
among the 3 most typical genotypes (LQT1-3). By the age of
15, syncope, ACA, or SCD was noted in 53% of their patients
with LQTI compared with 29% of LQT2 and 6% of LQT3,

Table 4. Comparison of Parameters Among the Groups

although cardiac events occurred in LQT3 were more lethal
compared with those in LQT1 or LQT2. In contrast, the
present study demonstrated that patients complicated by
VT/TdP or AVB were almost exclusively those with LQT2 or
LQT3 (and LQTS8). LQT3 patients in the present study
showed the most severe clinical course, similar to those in
later-presenting LQT3. Further, patients with LQT1 mostly
showed an uneventful clinical course apart from sinus brady-
cardia,® and the reason for diagnosis was bradycardia or
prolonged QT interval itself on ECG identified on family
screening. Another remarkable feature in our young age
group was that a considerable number of patients with
malignant arrhythmias were mutation-negative as far as
LQT1-3 genes were typically examined. This suggests that
this age group includes individuals with rare known muta-
tions that were not examined in the present study as well as
those with currently unidentifiable mutations.

Parameter LQT1 (n=11) LQT2 (n=11) LQT3 (n=6) Negative (n=12) Global Test Pairwise Comparison
HR, bpm 109+12 95:+34 10031 104£32 NS

(n=10"
QTc, ms 560+24 53874 59279 575*86 NS

(n=10%
Proportion with family history, % 82 27 50 17 P<0.05 LAT1-Negative, P<<0.05
Proportion with sinus bradycardia, % 73 82 83 75 NS
Proportion with VI/TdP, % 0 91 100 42 P<0.05 LQT1-LAT2, P<0.001

LQT1-LAT3, P<0.005

Proportion with AVB, % 9 55 83 25 P<0.05 (LOT1-LAT3, P=0.068)

Data are mean=SD or %. One-way ANOVA was used to compare mean values of HR and QTc. 2 test was used to test differences in proportions of subjects with
family history, sinus bradycardia, VT/TdP, and AVB among the 4 groups. Pairwise comparisons were canducted using Bonferroni adjustment and Banferroni inequality

of P value. NS indicates not significant; Negative, gene mutation-negative group.

*No. of cases is 10 because data were not available in 1 case.
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Notably, many patients in the present study showed sinus
bradycardia, although HR was not significantly different
among LQTI1, LQT2, and LQT3. Sinus bradycardia has been
considered a signilicant presentation ol LQTS, especially in
the fetal-nconatal period,>1%20 and is often a clue to the
diagnosis of LQTS. The present study verified that sinus
bradycardia is common among all types of LQTS in this age
group, especially in fetal-neonatal periods.

Another remarkable feature of the present study was the
high incidence of AVB (55% in LQT2, 83% in LQT3),
compared with 5% or less in child or adult LQTS.420 It is
intriguing that mutations in our LQT?2 patients were almost
exclusively located at the pore region of HERG gene (amino
acid residues 550 through 650),2! as mutations in that region
are related to high risk for cardiac events.2!22 Lupoglazoff et
al® reported similar phenotype tendency for neonates with
LQTS, that AVB is associated with L.QT2 and sinus brady-
cardia with LQT1. Most of their LQT2 cases also had a
mutation in the pore region of the HERG gene, although this
was not mentioned in their report. AVB in neonates with an
SCNSA mutation have also been reported in single case
reports. 12324 Considering the implication of sodium chan-
nel dysfunction in many other hereditary arrhythmias,>s the
association between LQT3 and AVB is an important finding.

SCD/ACA was seen in 14 cases (24% of all subjects) (7
SCD, 7 ACA), even though 12 of them were under treatment
with B-blockers, mexiletine, or both when the events oc-
curred (Table 3). The direct trigger of SCD/ACA remains to
be determined, but the mean QTc interval of those patients
was apparently prolonged (61781 ms), and patients with no
gene test (6 cases) were included as well, possibly making the
selection of drugs inappropriate, such that only S-blockers
were given to a possible LQT3 patient. Furthermore, 4 other
cases had no known mutation on genotyping. It is possible
that the cryptogenic mutations unidentifiable in the current
era could be resistant to many drugs.

Therapy

Because individuals with LQT3 showed serious clinical disor-
ders, they were treated aggressively with multiple antiarrhythmic
drugs including mexiletine, B-blockers, lidocaine, Mg, and
PM/ICD, and only 1 definite LQT3 patient showed ACA. For
L.QT2, malignant arrhythmias were a little more controllable
with the same kind of pharmacotherapy than for LQT3. Again,
only 1 definite LQT?2 patient showed ACA. Thus, no death was
ultimately observed in LQT2 and LQT3. This favorable clinical
course might be derived from implicit strategy prevalent among
pediatric cardiologists in our country that early-onset LQTS
should be treated with the combination of B-blockers and
mexiletine at the start of therapy because the genotype is not
easy to confirm immediately. In other words, treatment strate-
gies in Japan have been driven more by the clinical symptoms
than by the genotype. Nevertheless, the response to the multiple
antiarrhythmic pharmacotherapy and the long-term outcome
presented in this study are encouraging.

It should be noted that the number of patients who
underwent PMI/ICD was small in the present cohort com-
pared with other reports.>¢ It is known that TdP tends to
follow a prolonged R-R interval in LQT2 and LQTS3, in which

conduction disturbances or sinus node dysfunction are com-
mon features.?s2¢ Thus, PMI/ICD should be considered
without delay even when the patient who shows drug-resis-
tant, bradycardia-induced VT/TdP is a small baby.2?

Study Limitations

Because of the retrospective nature of the present survey
using questionnaires, the extent of clinical data that could be
obtained varied among cases. Although approximate ten-
dency in genotype-phenotype correlations for infants with
LQTi, LQT2, and LQT3 was determined, most cases regis-
tered in the present study did not undergo genetic analysis for
genes other than the 3 typical types. One case with LQTS was
registered in addition to LQT1-3, but no cases with the other
types (LQT4-7) were found. Also, decision of treatment
strategy depended on the in-charge physician in each case
without the use of a uniform protocol for VT/TdP and/or
AVB, making it difficult to evaluate the effects of pharma-
cotherapy and to determine the event rate beyond infancy for
each genotype other than the last outcome, alive or death.
Therefore, we should wait for accumulation of more cases for
establishment of the genotype-specific strategy.

Conclusion

Our nationwide survey indicates that early-onset malignant
LQTS are mostly those with LQT2 and LQT3 among the 3
major genes, and the most vulnerable age to life-threatening
arrhythmias is from O to 2 days of age. A combination
pharmacotherapy with a $-blocker and mexiletine sometimes
combined with Mg and PMI/JICD is recommended as the
initial therapy. Prospective study of a large number of
patients with LQTS diagnosed from fetal to infantile periods
and further application of gene testing are needed to establish
the most appropriate treatment strategies for those patients.
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CLINICAL PERSPECTIVE

The congenital long-QT syndrome (LQTS) diagnosed at perinatal life and through infancy is associated with high
morbidity and mortality rates. However, data on the clinical presentation and genotype-phenotype correlation of this
youngest age group of LQTS are limited. A nationwide survey was conducted in Japan, and 58 cases (18 fetuses, 31
neonates and 9 infants) were registered. Among them, the peak age at diagnosis was 0 to 2 days, and the 3 most frequent
clinical presentations included sinus bradycardia, ventricular tachycardia/torsades de pointes, and atrioventricular block.
The genotype was confirmed in 29 (71%) of 41 patients who underwent genotyping; the incidence resembled that of child
LQTS. Patients who presented with early-onset ventricular tachycardia/torsades de pointes and atrioventricular block were
almost exclusively those with LQT2 and LQT3 among the 3 major genes, but a considerable number of genetically
unidentified ones were included. Sudden cardiac death/aborted cardiac arrest were prevalent in the latter. LQT1 patients
tended to show only sinus bradycardia or positive family history of LQTS. These results mean that many life-threatening
episodes observed in early-onset LQTS should be treated immediately and aggressively even without knowledge of the
genotype. On the other hand, the present study was encouraging in that the outcome of patients was favorable with multiple
pharmaceutical agents, typically with f-blockers, mexiletine, and magnesium and with pacemaker implantation/
implantable cardioverter-defibrillator, independent of the genotype. Further application of gene testing is needed to
establish the most appropriate genotype-specific strategy for these patients.
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