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Abstract

Background—Andersen-Tawil syndrome (ATS) is rare channelopathy caused by KCNJ2
mutation and probably KCNJ5. It is characterized by arrhythmias, neurological symptoms, and
dysmorphic features. The present study retrospectively examined the characteristics of 11
unrelated families with ATS.

Methods—This study consisted of 11 probands positive for KCNJ2 variants and 33 family
members (mean age 30.0 + 17.3 years, female n=31). Additional genetic screening of 3 LQTS
genes (KCNQ1, KCNHZ, SCN5A) was performed in 9 families. Predictors of arrhythmias
[premature ventricular beats > 2000/24 h, biventricular and polymorphic ventricular tachycardia
(VT)], syncope, and/or cardiac arrest (CA) were evaluated.

Results—In KCNJ2 mutation carriers vs non-carriers (n=25 vs n=19) significant differences
were observed in U-wave manifestations in V2-V4, Tpeqx — Teng duration, QTUc duration
(p<0.0001), dysmorphic features, and neurological symptoms. Compared to asymptomatic carriers
(n=9), in those with arrhythmias and/or syncope and/or CA (n=16) micrognathia (p=0.004),
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periodic paralysis (p=0.019), palpitation (p=0.005), U-wave n V2-V4 (p=0.049) were more
frequent; QTU (p=0.045) and Tpeak — Teng (#=0.014) were also longer (n=9). In the subgroup of
carriers with syncope and/or cardiac arrest (=10, 90% women), K897T- KCNHZ2 polymorphism
(0=0.02), periodic paralysis (p=0.004), muscle weakness (p=0.04), palpitations (0=0.04),
arrhythmias (biventricular VT, p=0.003; polymorphic VT, £=0.009) were observed more
frequently. Tpeak — Teng duration was longer (p=0.007) and the percentage of patients with
premature ventricular contraction >2000/24 hours was higher (p=0.005).

Conclusion—A higher risk of arrhythmia, syncope, and/or CA is associated with the presence of
micrognathia, periodic paralysis, and prolonged Tpeak — Teng time. Our findings suggest that
K897T may contribute to the occurrence of syncope.
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Introduction

Andersen-Tawil syndrome (ATS), classified as long QT syndrome type 7 (LQT7) is a rare
disorder, sporadic or inherited in an autosomal dominant pattern [1,2]. The mutations
causing ATS are located in KCNJZ (GenBank accession no. NM_000891.2), which encodes
the a-subunit of the potassium channel Kir2.1 a component of the inward rectifier 1x; [3,4].
Recent research showed that KCN.J5, encoding the G-protein-activated inwardly rectifying
potassium channel 4 (Kir3.4), could be a second gene causing Andersen-Tawil syndrome.
The inhibitory effects of mutant Kir3.4 on Kir2.1 channel may cause the clinical
presentation in both skeletal and heart muscles [5].

The mutations are detectable in most cases. ATS confirmed by mutation in KCNJ2 gene is
called type 1 [6]. The remaining cases are designated as ATS-type 2 and could be a result of
mutation in other genes (e.g. KCNJ5) or the cause of the disorder is still unknown [7].

ATS is characterized by the clinical triad: ventricular arrhythmias, periodic paralysis or
muscle weakness, distinctive facial and skeletal dysmorphism with variability of phenotype
[2,8]. The management of patients with ATS continues to be a subject of debate. No
randomized clinical therapeutic trials have been conducted on ATS. There are only few
studies suggesting influence of flecainide on cardiac arrhythmias reduction but benefit of
flecainide for prevention of medically significant cardiac arrhythmias is still unknown.
Moreover, it is known that this drug causes many side effects often making treatment
impossible [9,10].

A carrier could present only a part of the triad or even be asymptomatic [11]. It is still a
question if the penetrance and expression of the ATS mutations, in particular arrhythmias,
are relative to any factor. This study assessed symptoms and signs of ATS and explored
possible risk factors of life-threatening cardiac arrhythmias in ATS. Additionally, influence
of polymorphisms in three genes (KCNQ1, KCNHZ, SCN5A), in which mutations result in
the most prevalent LQT syndromes (LQT1, LQT2, and LQT3), were analyzed. The
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coexistence of ATS with K897T polymorphism in the KCNHZ2 gene resulted in more severe
symptoms, which was suggested by us in a previous report [12].

Methods

Study design

This is a retrospective study of 11 unrelated probands with KCNJ2 mutations and their
relatives (Fig. 1). Observations came from 4 centers in Poland and 1 center in Turkey. In
every family, a pedigree analysis was done and, if it was possible, the type of inheritance
was assessed. Clinical evaluation, electrocardiographic (ECG) analysis, and mutation
screening were performed in all relatives who agreed to participate in the study.

Clinical Evaluation

We analyzed retrospectively the history and medical records of each patient. The clinical
evaluation consisted of: 1) detailed history (syncope, cardiac arrest, family history of sudden
cardiac death), 2) assessment of dysmorphic features (clinodactyly, syndactyly,
hypertelorism, low set ears, micrognathia), 3) cardiological exam (history, analysis of series
of available ECGS); in every carrier of KCNJ2 mutation 24-hour Holter monitoring was
performed additionally, 4) neurological symptoms (periodic paralysis and muscle
weakness); in patients with syncope epilepsy was excluded, 5) the method of treatment.

ECG analysis

ECGs were analyzed and parameters characterizing the repolarization process were assessed
manually by one cardiologist (P.K.) who was blinded to patients’ clinical status. The
following ECG parameters were assessed: QT and QT+U interval duration, Tpeak — Tend
duration, Tpeak — Upeak duration, U-wave time duration. Corrected QT (QTc) and corrected
QT+U (QT+Uc) were calculated using the Bazett’s formula to adjust the intervals to heart
rate. Additionally the presence of prominent U-wave in different territories: inferior leads
(11, 11, or aVF), anterior leads VV2-V4 or lateral leads (V5) were analyzed. A U-wave was
considered prominent if its amplitude was = 0.15 mV. Electrocardiographic measurements of
T-wave and U-wave (including QT+U interval) were made in leads with the highest
amplitude, usually in V2 or V3. QT/QTc interval was calculated from lead I1.

Mutation Screening

ATS mutation screening was performed in all relatives who agreed to participate in the study
and had signed an informed consent. A 10 ml blood sample was collected on
ethylenediaminetetraacetic acid. The genomic DNA was isolated with the phenol method.
There was direct sequencing analysis of the whole translated region of KCNJ2 gene. DNA
was amplified using site-specific primers and amplicons were subjected to bidirectional
capillary-based sequencing using 3130XL Genetic Analyzer Applied Biosystem (Hitachi
High Technologies Corporation, 882 Ichige, 312-8504, Japan). Data analysis was done by
using DNA Sequencing Analysis Software version 5.3.1Applied Biosystem (Hitachi High
Technologies Corporation, 882 Ichige, 312-8504, Japan).
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Additionally, in 9 Polish families (18 subjects, 9 probands, female n=14) in ATS mutation
carriers additional genetic screening of 3 major genes causing LQTS (KCNQ1, KCNHZ,
SCN5A) was done. The test was performed by polymerase chain reaction using exon-
flanking intronic primers designed by our laboratory. Amplicons were analyzed by next
generation sequencing by GS Junior System (Roche, Bradford, CT, USA) according to
Amplicon Library Preparation Method Manual. Data were analyzed using GS Amplicon
Variant Analyzer (AVA) software (Roche, Bradford, CT, USA).

The study group consisted of 44 patients (female n=31), including 11 probands (female=11)
with genetically confirmed KCNJ2 mutations, and 33 family members. In 14 subjects out of
the family members the presence of KCNJ2 mutations was detected. Mean age was 30.0

+ 17.3 (median: 28.0, range: 3 — 64) years.

Genetic study

We found 8 distinct KCNJZ mutations in 11 probands and 14 family members (25 KCNJ2
mutation carriers). The following KCNJ2 mutations were detected: Arg218GIn (n=7),
Arg67Trp (n=6), Arg82Trp (n=3), Cys154Tyr (n=3), Arg218Pro (n=2), Gly300Ala (n=2),
Tyr68Asp (n=1), and Thr305Ala (n=1). The pedigree analysis showed that 6 mutations
(Arg67Trp, Arg82Trp, Arg218GlIn, Cys154Tyr, Gly300Ala, Arg218Pro) were inherited in
autosomal dominant pattern and one appeared de novo (Thr305Ala). Inheritance in other
families was impossible to evaluate because of death or lack of data from family members.
Two common polymorphisms were detected in 7 pts (39%) patients: K897T (Lys897Thr) in
KCNHZ (n=1) and H558R (His558Thr) in SCN5A (n=3), both (n=3).

Clinical Characteristics of KCNJ2 Mutation Carriers

The carriers group consisted of 25 patients (female n=19, mean age 30.8 = 16.4, median 27,
range: 7 — 63 years). Episodes of syncope were reported in 9 patients (36%). Frequency of
syncope varied from one episode to multiple episodes during follow-up. The relationship
between arrhythmias and episodes of syncope was not confirmed in most patients, even in
patients with implantable cardioverter defibrillators (ICD); in all cases vasovagal syncope
was excluded (high negative Calgary Syncope Symptom Score) as well as epilepsy. One
female presented suspected cardiac arrest, who survived after short time of cardiopulmonary
resuscitation (no ECG confirmation). She had 3 adequate ICD interventions during first year
after implantation (polymorphic VT 230-270/min) on physical activity. One patient
experienced adequate intervention during amiodarone therapy. Sudden cardiac deaths (SCD)
were reported in 3 non-genotyped relatives: two of them in the family with Arg218GIn
mutation and the coexisting K897T polymorphism and one in the family with Cys154Tyr
mutation.

A 24-hours Holter monitoring revealed arrhythmia in 15 patints (60%), frequent premature
ventricular contraction (PVVC) >2000/24h in 14 patients (56%), polymorphic ventricular
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tachycardia (PVT) in 12 patients (48%), bidirectional ventricular tachycardia (BiVT) in 11
patients (44%) predominantly during activity.

Dysmorphic features were seen in 22 pts (88%) of KCNJ2 mutation carriers. Micrognathia
occurred in 15 patients (60%), clinodactyly of fingers in 9 patients (36%), low set ears in 7
patients (28%), hypertelorism in 5 patients (20%), syndactyly of toes in 3 patients (12%),
clinodactyly of toes in 2 patients (8%). Moreover, in one proband the new, previously
undescribed, probable dysmorphic feature of ATS was found - lack of digital furrow on the
41 finger presented (Fig. 2A).

Neurological symptoms occurred in carriers — 10 patients (40%). Seven patients (28%) had a
history of periodic paralysis, of whom 2 had additional muscle weakness. Three patients had
a history of isolated muscle weakness. The frequency of periodic paralysis or muscle
weakness ranged from a single lifetime episode, to monthly manifestations of various
duration, and were induced by such factors as stress, exercise, menstruation, pre-
menstruation period, or parturition. The clinical triad was observed in 9 patients (36%),
isolated dysmorphy in 7 patients (28%), dysmorphy and cardiac symptoms in 5 patients
(20%), no symptoms in 2 patients (8%), dysmorphy and neurological symptoms in 1 patient
(4%), isolated cardiac symptoms in 1 patient (4%).

Characteristics of carriers and non-carriers of KCNJ2 mutations

The clinical and electrocardiographic characteristic of KCNJZ2 gene carriers vs non-carriers
are depicted in Table 1.

Micrognathia (60% vs 26%, £=0.02) and fingers clinodactyly (36% vs 5%, p=0.02) were
more common dysmorphic features observed in KCNJ2 mutation carriers vs non-carriers.
The periodic paralysis and muscle weakness, syndactyly and clinodactyly of toes occurred
only in subjects with KCNJ2 mutation carriers.

U-wave duration, Tpeak — Teng duration and Tpeak — Upeak duration were significantly longer
in KCNJZ mutation carriers vs non-carriers. Presence of prominent U-wave in any out of 12-
lead ECG or separately in any territories (inferior: 52% vs 5%, anterior: 92% vs 31%, or
lateral : 72% vs 21 %) was significantly more frequently registered in subjects with KCNJ2
mutation carriers vs non-carriers. QT interval (400£39 ms vs 367+38 ms, £=0.007) and
corrected QT interval (427+£26 ms vs 405+23 ms, p=0.006) were significantly longer in
carriers vs non-carriers. Similarly, QT+U interval (628+69 ms vs 537+86 ms, p=0.002) and
QT+Uc (672 + 36 ms vs 598+49 ms, p<0.0001) were statistically significantly longer in
KCNJ2 mutation carriers vs non-carriers. The percentage of subjects with QT+U interval >
600 ms was significantly higher (64% vs 5%, p=0.002) in KCN.J2 mutation carriers vs non-
carriers. In turn, the percentage of subjects with prolonged QT interval and corrected QT
interval, respectively QTc interval > 440 ms in men, and QTc > 460 ms in women, did not
show statistical differences.

Risk factors of arrhythmic events, syncope, and CA in mutation carriers

The symptomatic KCN.J2 mutation carriers (n=16) with a history of syncope or cardiac
arrest and/or amount of premature ventricular complexes > 2000 per day, the presence of

J Cardiol. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Krych et al.

Treatment

Page 6

polymorphic ventricular tachycardia (PVT) or bidirectional ventricular tachycardia (BiVT)
were compared with the asymptomatic KCNJ2 mutation carriers (n=9) without above listed
events (syncope or cardiac arrest or arrhythmias). The clinical and electrocardiographic
characteristics of these two groups are depicted in Table 2.

Females were slightly more frequent in the first group (81% vs 67%, p=ns). Out of other
analyzed variables only micrognathia (81% vs 22%, p=0.004), periodic paralysis (44% vs
0%, p=0.02), and palpitations (56% vs 0%, p=0.005) were observed significantly more
frequently in this group.

The duration of the descending portion of T-wave, calculated as Tpeak — Tend, Was
significantly longer in the symptomatic patients, respectively 150+27 ms vs 121+25 ms,
p=0.01. The presence of prominent U-wave was not different in both groups. In turn, the
presence of U-wave in anterior leads (V2-V4) was significantly more frequently seen in the
symptomatic vs the asymptomatic patients, respectively 100% vs 78%, p=0.049. QT and
QTc intervals were not different in both analyzed subgroups. In turn, QT+U interval was
significantly longer in the symptomatic patients (648+59 ms vs 588+76 ms, p=0.045).

K897T polymorphism was detected only in the group of symptomatic patients (4 out of 14
patients). Three subjects with K897T polymorphism had Arg218GIn mutation. All of them
presented whole triad of ATS and losses of consciousness. In turn, H558R polymorphism
was detected in 5 out of 14 symptomatic patients and in 1 out 4 asymptomatic patients
(shown in Table 2).

Among KCNJ2mutation carriers, we could detail a subgroup of patients at higher risk
(n=10); defined as patients with syncope and/or cardiac arrest. This group was compared
with KCNJ2 mutations carriers without syncope and/or cardiac arrest (n=15).

Women accounted for the majority of patients at higher risk, respectively 90% vs 67%, p=ns.
In that group additional polymorphism in LQTS gene (K897T mutation) was significantly
more frequently detected than in other patients, respectively 4/9 (44%) patients vs 0/9 (0%)
patients, p=0.02. In patients at higher risk periodic paralysis (60% vs 7%, £=0.004), muscle
weakness (40% vs 7%, 0=0.04) and palpitations (60% vs 20%, p=0.04) were observed
significantly more frequently.

Moreover, in that group Tpeak — Teng duration time was significantly longer (respectively
158+28 ms vs 127+24 ms, p=0.007); the complex ventricular arrhythmias were more
frequently registered (BiVT -80% vs 20%, £=0.003; PVT -80% vs 27%, p=0.009) and the
percentage of patients with PVC > 2000/24 hours was significantly higher (respectively 90%
vs 33%, £=0.005) in comparison to other patients.

Most patients were treated without proper diagnosis before genetic study. The treatment was
based on the preferences of physicians. Eleven out of twelve symptomatic patients received
beta-blockers, 2 of them additionally received propafenone with no response. Flecainide was
given to 2 patients and proved effective in one. Amiodarone was given to one patient. A
pacemaker was implanted in 2 patients, because of bradycardia due to high doses of beta-
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blockers. Five patients were implanted with ICD, four as primary and one as secondary
prevention after cardiac arrest. Two had appropriate ICD shocks appeared during follow-up
(mean time: 9.6, median: 6, range: 1 — 27 years): one on beta blocker, and one during
amiodarone therapy. Syncope and CA also appeared during beta-blocker therapy.

Discussion

ATS is a rare channelopathy caused by KCN.J2 mutation and probably KCNJ5[3,5]. It is
characterized by arrhythmias, neurological symptoms, and dysmorphic features. KCNJ2
mutation could result in typical ATS phenotype with the entire ATS triad or atypical
phenotype with one or no symptoms. Previous studies have reported that variability of the
ATS phenotype can be influenced by the topological location of mutation in the Kir2.1
channel [11,13]. However, no data have been presented relative to risk factors predisposing
to malignant arrhythmias. Few studies reported data concerning ATS manifestation in both
sexes. In one report, a high penetrance of periodic paralysis in males was shown [14].
Another study showed that Arg67Trp mutation in one family caused different symptoms in
male and female subjects; females exhibited arrhythmias whereas males exhibited periodic
paralysis [4]. In contrast, another study reported that the phenotype of this mutation is not
sex-specific [7]. In our cohort, in one family with the same mutation, female proband
presented the clinical triad of ATS, yet a male relative displayed no feature of ATS. In
another family, arrhythmia and dysmorphic features were presented only in the female
proband, two females and one male relative had only dysmorphic features.

In the current study, every proband was female, suggesting that ATS may be more
symptomatic in females.

In ATS, dysmorphic features affect in particular the face and fingers and manifest as
clinodactyly, syndactyly, and micrognathia. In our group micrognathia was the most
prevalent symptom. Moreover, it was statistically more prevalent in the group with
arrhythmias, syncope, and/or CA. Interestingly, dysmorphic features appeared in family
relatives without ATS mutations. This phenomenon is unexplained. It appears that
dysmorphic features could not be the basis for diagnosis in relatives of ATS patients and
other genetic or environmental factors contribute to these symptoms.

The neurological symptoms may be induced by various factors such as stress, exercise,
menstruation, etc. and often are diagnostically problematic. Paradoxically, it could result in
delaying a correct diagnosis [8]. Initially, patients from our group were treated for epilepsy
or multiple sclerosis. The prevalence of paralysis is varied. It could manifest as the main
medical problem for patients or be completely absent. Our study shows that neurological
symptoms always coexist with arrhythmias. On the other hand, arrhythmia did not always
occur with neurological symptoms.

Currently, cardiac manifestation of ATS is one of the most discussed issues. There are
continuously reports concerning new insights into ECG interpretation [12,15]. Inclusion of
this channelopathy into the group of LQT syndromes is still controversial. Previous studies
report that some ATS patients present with normal QTc [5,10,11]. Therefore, in ATS, it is
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more appropriate to assess QT+U/QT+Uc interval additionally. Furthermore it was revealed
that prolongation of final downslope of T-wave and Tpeak — Upeak interval were also
characteristic for KCNJ2 mutation carriers [13].

In the presented research, the results concerning ECG parameters confirm previous reports.
In KCNJZ carriers only three individuals had prolonged QTc. In contrast, QT+Uc
prolongation was presented by 88% carriers. Moreover, pathological U-wave in ECG, one of
the most known sign of ATS, appeared in almost every carrier. Non-pathological U-wave
was present in more than half of individuals without mutation. Additionally, in our study
prolonged QT+Uc, Tpeak — Teng interval and presence of U-wave from V2 to V4 were the
features predicting being a KCNJ2 mutation carrier.

Assessment of incidence of CA or SCD is relevant due to choice of treatment method and
primary prevention. It is also difficult because of low prevalence of the syndrome, variable
expression, and penetrance. Among patients with ATS, SCD risk is estimated as exceedingly
low but they are still at a higher risk of developing life-threatening arrhythmias [16,17]. One
of the characteristic features in the electrocardiogram of ATS patients is the “monotony”
resulting from permanent ventricular arrhythmias, which in most cases are asymptomatic.
Holter recordings could consist of over 50% PVC (Fig. 2D). Moreover, BiVT, as a special
type of PVT, is detected [10]. In this study, 60% of KCNJ2mutation carriers presented an
arrhythmia (>2000 PVC or BiVT or PVT). We have not demonstrated a relation between
arrhythmias and syncope in all of the patients. We observed adequate interventions only in
two patients with inserted ICD, in both special circumstances for arrhythmia were present
(amiodarone, physical effort after alcohol intake). Most of the reported episodes appeared
during stress or physical activity and had no features of vasovagal syncope. Our data suggest
that that the presence of micrognathia, periodic paralysis, palpitation, U-wave from V2 to
V4, and Tpeak — Teng Can predict the development of arrhythmias, syncope, and/or CA.
Additionally, out of the features assessed, K897T polymorphism, periodic paralysis, muscle
weakness, palpitation, prolonged Tpeak — Teng duration, complex ventricular arrhythmia
were more prevalent in the group with syncope and/or CA.

Mutations in KCNQI are responsible for LQTL, in KCNHZ2for LQT2, in SCN5A for LQT3
[18,19]. All of them can be associated with life-threatening arrhythmias including torsades
de pointes. The role of SNPs in human organisms, in particular LQT syndromes, is unclear.
It was revealed that K897T polymorphism in KCNHZ2 caused prolonged QT in women [20].
In our study, in one family, arrhythmia was revealed in all patients with a coexisting K897T
polymorphism. In this family two unexplained SCDs occurred. Our data suggest that K897T
is a risk factor for the occurrence of syncope, but an unambiguous assessment is not possible
because of small group size.

In conclusion, although our study group is relatively small, the data presented point to a
higher risk for patients presenting with the entire ATS triad, in particular micrognathia,
periodic paralysis, and the specific changes in ECG. ATS manifestation appears to be more
severe in females and the K897T polymorphism appears to be associated with a higher risk
for syncope. These hypotheses will clearly require additional studies.
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Relatives,n=33

Genetic screening for KCNJ2 mutation

ISTEP
. . Probands, Relatives-carriers, Relatives non-carriers,
Carriers vs Non-carriers n=11 n=14 n=19
(Tab. 1) KCNJZ + KCNJ2 + KCNJ2-
............................................................ ¢ d— —
History, ECG, Holter
II STEP Screening for KCNql, KCNH@, SCNSA

Pts with significant arrhythmias, polymorphisms (9 families)

syncope or CA vs Others
(Tab.2) : 2
Symptomatic pts Asymptomaticpts
n=16 n=9
III STEP =
; 5 S
Pts with syncope or CA O without high risk
vs Others =L i
Figure 1.
Study design.

CA, cardiac arrest; ECG, electrocardiogram
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Figure 2.
(A) Lack of digital furrow; (B) Clinodacytly; (C) Micrognathia; (D) A short fragment of the

Holter recording. Permanent, bidirectional ventricular tachycardia, frequency —135-140/
min., which represents 30% to 50% of 24-hour monitoring (depending on the study) in the
patient presented.
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Table 1

Clinical presentation and ECG parameters in KCNJ2 mutation carriers vs non-carriers

Carriers (n=25) | Non-Carriers (n=19) p
Dysmorphic feature and neurological symptoms (%)
Sex (female) 76 68 ns
Micrognathia 60 26 0.026
Hypertelorism 20 5 ns
Low set ears 28 5 ns
Clinodactyly of fingers 36 5 0.02
Syndaktyly of fingers 0 0 -
Clinodactyly of toes 8 0 -
Syndaktyly of toes 12 0 -
Periodic paralysis 28 0 -
Muscle weakness 20 0 -
Palpitation 36 0 -
ECG parameters (%)
U-wave 96 57 0.002
U wave inferior 52 5 0.001
U wave V2-V4 92 31 <0.0001
U wave V5 72 21 0.0008
QT+U > 600 64 5 0.002
QTc > 440 (460 ™% 28 5 ns
ECG parameters (ms)
QT 400 + 38 367 £ 38 0.007
QTc 427 + 26 404 + 23 0.005
QT+U 628 + 69 537 + 86 0.002
QT+Uc 671 +35 598 + 48 <0.0001
U-wave time 198 + 52 148 + 43 0.009
Tpeak — Tend 139 + 29 97+ 19 <0.0001
Tpeak — Upeak 238+ 24 179 + 48 0.003
*for men,
o
for women

ECG, electrocardiographic.
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Table 2

Page 14

Clinical presentation, gene polymorphisms, and electrocardiographic (ECG) parameters in KCNJZ mutations
carriers with a history of syncope or cardiac arrest (CA) and/or amount of premature ventricular complexes >
2000 per day, the presence of polymorphic ventricular tachycardia (PVT) or bidirectional ventricular
tachycardia (BiVT) and in KCNJZ2 carriers without above listed events.

Group with syncope, CA, PVC>2000/24h, PVT,

Group with no syncope, CA, PVC>2000/24h,

BiVT (n=16) PVT, BiVT (n=9) p
Polymorphisms
K897T 4 (14) 0 (4) ns
H558R 5 (14) 1(4) ns
Dysmorphic features and neurological symptoms (%)
Micrognathia 81 22 0.004
Hypertelorism 25 11 ns
Low set ears 31 22 ns
Clinodactyly of fingers 31 44 ns
Syndaktyly of fingers 0 0 ns
Clindaktyly of toes 6 11 ns
Syndaktyly of toes 6 22 ns
Periodic paralysis 43 0 0.019
Muscle weakness 25 11 ns
Palpitation 56 0 0.005
ECG parameters (%0)
U-wave 100 88 ns
U- wave V2-V4 100 77 0.049
U- wave V5 81 55 ns
ECG parameters (ms)
QT 407 + 41 387 +31 ns
QTc 430 £ 27 422 + 25 ns
QT+U 648 + 58 588 + 75 0.045
QT+Uc 679 28 655 * 45 ns
U- wave time 194 + 58 207 +40 ns
Toeak - Tend 150 + 26 121+25 0.014
Tpeak - Upeak 243 + 24 230 + 22 ns
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