
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Clinical and genetic spectrum of hereditary cardiac arrhythmia syndromes

Bhuiyan, Z.A.

Publication date
2009
Document Version
Final published version

Link to publication

Citation for published version (APA):
Bhuiyan, Z. A. (2009). Clinical and genetic spectrum of hereditary cardiac arrhythmia
syndromes. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/clinical-and-genetic-spectrum-of-hereditary-cardiac-arrhythmia-syndromes(f7cbd6e5-849e-47e0-8d84-de2fc8c62e0d).html


197

197

9

9
Clinical and Genetic Analysis of Long QT Syndrome in 
Children from Six Families in Saudi Arabia: Are They 

Different? 

Zahurul A. Bhuiyan,1 Safar Al-Shahrani,2   
Ayman S. Al-Khadra,3  Saleh Al-Ghamdi,4 Kalaf Al-Kalaf,4 Marcel 

M.A.M. Mannens,1 Arthur A.M. Wilde,5,6  
Tarek S. Momenah.4

Department of Clinical Genetics,1 Department of Cardiology5 and 
Heart Failure Research Centre,6 Academic Medical Center, 

University of Amsterdam, Netherlands
Department of Pediatric Cardiology,4 Adult Cardiology,3 

Prince Sultan Cardiac Center, Riyadh, Saudi Arabia
Department of Cardiology,2 Khamis Mashayt Military Hospital, 

Saudi Arabia

Pediatr Cardiol. 2009 Jan 30. [Epub ahead of print]



198

198

Clinical and Genetic Spectrum of Hereditary Cardiac Arrhythmia Syndromes

9



199

199

9

Abstract
Congenital Long QT syndrome (LQTS) is an inherited cardiac arrhythmia disorder charac-
terized by prolongation of the QT interval; patients are predisposed to ventricular tachyar-
rhythmias and fibrillation leading to recurrent syncope or sudden cardiac death.  We have 
performed clinical and genetic investigation in six Saudi Arabian families with history of 
sudden unexplained death of children. Clinical symptoms, ECG phenotypes and genetic 
findings led to the diagnosis of LQT1 in two families (recessive) and LQT2 in four families 
(three recessive and one dominant). Onset of arrhythmia was more severe in all recessive 
carriers and occured during early childhood in all recessive LQT1 patients. Arrhythmia 
originated at the intrauterine stages of life in the recessive LQT2 patients. LQT1 causing 
mutation c.387 -5 T>A in KCNQ1 gene and LQT2 causing mutation c.3208 C>T in KCNH2 
gene are presumably founder mutations in the Assir province of Saudi Arabia. Further, all 
LQTS causing mutations detected in this study are novel and have not been reported in 
other populations. 

Key words: Sudden Cardiac Death, Genetics, Long QT Syndrome (LQTS), Consanguinity, 
Founder Mutation

Introduction
Long QT syndrome (LQTS) in Saudi Arabia was first reported in 1993 by a group of doc-
tors at the Riyadh Armed Forces Hospital.38 Four children between 6-48 months old, from 
a single family, had recurrent episodes of syncopes and seizures, they were first misdiag-
nosed with epilepsy, but were later confirmed to have LQTS.38 Family history revealed 
that 2-children from this family had similar episodes of sudden loss of consciousness and 
3-family members had sudden unexplained death.38 Several years later, after this first report, 
we see two sporadic case reports with comparatively severer variants of neonatal LQTS 
combined with 2:1 AV block.16,20

The first reported Saudi Arabian LQTS patients were clearly familial in origin and seemed 
to have a genetic/familial background, but, the pathophysiology explaining the LQTS in 
these children with structurally normal heart was lacking.16,20,38 Congenital LQTS is an 
inherited disorder defined by prolongation of the QT interval. Patients with LQTS are pre-
disposed to the ventricular tachyarrhythmia torsades de pointes (TdP) leading to recurrent 
syncope or sudden cardiac death.  LQTS affects an estimated 1 in 2,000 people world-
wide.10 The ECG hallmark of the LQTS is prolongation of the QT interval (corrected for 
heart rate i.e. QTc). Normal values of QTc are <440ms in males and <460 ms in females.32 
The molecular basis of LQTS is heterogeneous and to date, mutations in at least 12 differ-



200

200

Clinical and Genetic Spectrum of Hereditary Cardiac Arrhythmia Syndromes

9

ent genes have been reported in LQTS patients.5,8,24,32,42,47 Up to 70% of LQTS patients are 
reported to have a mutation in one of these genes.5,8,24,32,42,47  Among the presently known 
12 types of LQTS, the most common are LQT1, LQT2 and LQT3, comprising 90% of the 
genotyped LQTS patients.10-11, 27, 32-33, 39-40, 43-44

LQT-1 to LQT-3 are autosomal dominant diseases, caused by heterozygous mutations 
in the cardiac ion channel genes KCNQ1 (LQT1), KCNH2 (LQT2) and SCN5A (LQT3). 
Jervell and Lange-Nielsen syndrome (JLNS) is an autosomal recessive disorder clinically 
manifested by severe arrhythmias with an additional phenotype “bilateral sensory neural 
deafness”,18 which is caused by homozygous or compound heterozygous mutations in the 
KCNQ1 or KCNE1 genes.6,12,27,34,44 We have reported for the first time clinical and genetic 
findings in a single Saudi Arabian family with repeated intrauterine fetal losses due to a 
LQT2 causing mutation in KCNH2 gene.3 In the present study, we have summarised our 
clinical and genetic findings conducted in probands (children) from six supposedly unre-
lated Saudi Arabian families, who had unexplained complex arrhythmias with history of un-
explained sudden cardiac deaths (SCD) in their siblings or in the family.  We have identified 
the genetic pathology causal to the fatal/malignant arrhythmias in the children investigated, 
pathophysiology of LQTS in the three families having been reported in our previous stud-
ies.3-4 All the genetic mutations identified in the studied patients are novel and have never 
been described in other populations. Further, we have identified two plausible founder 
mutations pathogenic to LQTS, in the Assir region of Saudi Arabia.  We have discussed 
how consanguinity exerts a role in cardiac disease severity compared to the usual variant of 
autosomal dominant LQTS. We have also discussed how our novel genetic findings could 
effectively be used in patient screening with similar disorders, clinical management and 
family counselling.

Materials & Methods

Clinical Evaluation of the Probands and the family members:
Patients investigated in this study are all Saudi nationals, originated from various part of 
Saudi Arabia (table 1). Clinical evaluation was done at the Department of Pediatric Cardi-
ology, Prince Sultan Cardiac Center (PSCC), Riyadh, Khamis Mashayt Military Hospital, 
Saudi Arabia and at the Department of Cardiology, Academic Medical Center, University of 
Amsterdam, The Netherlands. Clinical phenotypes were deduced from the clinical history, 
physical examinations, ECG and Echocardiography. Patients in this study were consulted 
between January 2006 and August 2008. The QT interval was measured from the onset of 
the QRS complex to the end of the T wave. The end of the QT interval was defined as the 
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intersection of a tangent to the steepest downslope of the last limb of the T wave and the 
baseline, in lead II or V5. The QTc was calculated according to the Bazett formula as the 
QT interval divided by the square root of the R-R interval, where the R-R interval is mea-
sured in relation to the preceding QRS complex.2 Genetic investigation has been conducted 
at the Department of Clinical Genetics, Academic Medical Center, University of Amster-
dam, The Netherlands. 

DNA Analysis:
Genomic DNA was isolated from the peripheral blood lymphocytes according to estab-
lished protocols at our laboratory. Entire coding exons, including their intronic boundaries 
of the genes, KCNQ1 (NCBI ref: NM_000218), KCNH2 (NCBI Ref. NM_000238), SCN5A 
(NM_198056 and NM_000335), were amplified by polymerase chain reaction (PCR) 
according to the established protocols in our laboratory.  Amplified PCR products were 
sequenced bi-directionally on an ABI 377 sequencer (Perkin Elmer, Foster City, CA 94404). 

Haplotype Analysis for Identification of Founder Mutation:
Haplotype analysis is performed with microsatellite polymorphic repeat markers, which are 
tandemly repeated DNA sequences found in varying copies in our genomes and are trans-
mitted from parents to children. These polymorphic repeat markers are frequently used for 
delineating the diseased locus in inherited genetic diseases. In case of a familial disease, all 
the diseased subjects in a family ideally would ideally share an identical region of a chro-
mosome (pathogenic locus) that could be deduced from the length of various microsatellite 
repeats present in that part of the chromosome.  We have used microsatellite polymorphic 
repeat markers from the ABI-Prism Linkage Mapping Set (ABI PE Biosystems), to map the 
chromosomal loci encompassing KCNQ1 and KCNH2 genes.
Microsatellite repeat markers used for mapping the chromosomal locus encompassing 
KCNQ1 gene are D11S4046, D11S1338 and D11S902. Microsatellite repeat markers used 
for mapping the chromosomal locus encompassing KCNH2 gene are D7S505, D7S1826, 

Table 1: Summary of the mutations detected in the Long QTS patients in this study.
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D7S642, D7S2461 and D7S483. After PCR amplification, the size of the microsatellite 
repeats was measured with the genotyper program using the ABI Prism 377 automatic DNA 
sequencer (ABI PE Biosystems).

Results

Family A: 
Clinical Analysis: Proband is a 3 yr old boy (arrow marked, figure 1). After suffering an 
episode of loss of consciousness while swimming he was referred to the cardiogenetic 
clinic at the PSCC and was diagnosed LQTS with a QTc of 557 ms (ECG not shown). He 
was given atenolol 12.5 mg/day and he did not develop any further syncope. There is a 
family history of SCD of several members. Proband has normal hearing and there is also no 
history of deafness with the family members who had unexplained SCD.
Genetic Analysis: 
We have identified a homozygous mutation in intron 1 of the KCNQ1 gene 5-nucleotide 
upstream from the first nucleotide of exon-2 (c.387 -5 T>A; NCBI Ref. NM_000218) in the 
proband, reported previously.4  Both parents were found heterozygous for the same muta-
tion (figure 1).

Family B: 
Clinical Analysis: Proband is a 16 yr old boy (II:5; figure 1). At age 1 yr he first developed 
generalized seizure with cyanotic lips and the seizure lasted for about 1-2 minutes and had 
multiple attacks of seizure till he was 4 years.  Seizure in this boy was triggered by physi-
cal activity. He was given phenytoin, which could not control the seizures. At age 4, at the 
Prince Sultan Cardiac Centre, Riyadh, he was diagnosed to have LQTS with a QTc interval 
of 529 ms (figure 1). He was prescribed propranolol (adjusted for age) and after treatment 
he did not develop any further seizures. The family history revealed sudden unexplained 
death of several family members. None of the family members, including the proband, had 
hearing defect.
Genetic Analysis:
A homozygous mutation in intron 1 of KCNQ1 gene 5-base upstream from the first nucle-
otide of exon-2 (c.387 -5 T>A; NCBI Ref. NM_000218) was detected, which is exactly the 
same mutation found in family-A (figure 1).  
Clinical information and in depth pathophysiology of the mutation in these two families 
have been described elsewhere.4 However, we were not able to perform any clinical investi-
gation of the obligate heterozygous carrier parents and other family members, who had not 
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complained of symptoms pertaining to arrhythmias. 

Family C: 
Clinical Analysis: Proband (arrow marked, figure 2) in this family is a girl. She had mul-
tiple short lasting attacks of syncope with seizures from the age of 12 years from which 
she recovered spontaneously. No medication was given. At age of 16 years she had her 
first episode of severe convulsion with tonic-clonic seizures. On admission to the hospital, 

Figure 1: Top left: Pedigree of the family-A and B and their haplotypes encompassing the KCNQ1 gene. Non-

filled circles and squares are non-carriers for the mutation Affected individuals are shown as filled circles (female) 

and squares (male). Deceased individuals are indicated by slashes, probands are indicated by an arrow. The disease 

haplotype is denoted with a filled red vertical bar, and normal haplotypes are indicated by other colours Consan-

guineous marriage is indicated by =.

Top right: Screening of the KCNQ1 gene shows substitution of nucleotide “T” for an “A” at intron-1 (c.387 -5 

T>A, red arrow marked) (NCBI ref: NM_000218). Left panel shows DNA sequence of a non-diseased control 

individual (black arrow), right panel shows the homozygous mutation in the probands (red arrow). Exon-intron 

boundary is shown by a dotted line with arrow pointing towards exons.

Below: 12 lead ECG of the proband (II:5) from family-B shows a prolonged QTc interval of 529ms. 
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detailed investigations were done. Her EEG, MRI, Echocardiogram and serum electrolytes 
revealed no abnormality. Her hearing was normal. She was discharged after two weeks with 
antiepileptic medication, which she never took. Then, at the age of 19 years, after the birth 
of her first child, at 4th weeks postpartum, she had another episode of severe convulsion 
with tonic-clonic seizures.  This episode of convulsion was initiated after having heard a 
sudden telephone ring. 
A dual chamber ICD was inserted, and propranolol was prescribed (adjusted for age). Since 
then she developed no episodes of convusion. Proband has 3 children, one girl of 3 years, 
two boys of 18 months and 3 months. No family history of similar episodes were reported. 

Figure 2: Top left: Pedigree of the family-C. Affected individual is shown by filled circle (female) or square 

(male). Non-filled circles and squares are non-carriers for the mutation. Proband is indicated by an arrow. Black 

dot within the circle is a heterozygous mutation carrier.

Top middle: Screening of the LQT2 causing KCNH2 gene shows substitution of nucleotide “G” for an “A” 

(c.2362G>A, red arrow marked). Left panel shows DNA sequence of a non-diseased control individual (black ar-

row points to control wild type sequence), right panel shows the heterozygous mutation (red arrow) in the proband 

and her 3-yrs old daughter.  Far right: Aminoacid (glutamic acid, also abbreviated as E) is highly conserved in this 

location of the HERG protein (encoded by KCNH2 gene) among various species (compared between the human, 

mouse, rabbit, zebrafish).

Below: 12 lead ECG of the proband (I:2) from family-C. ECG shows a high peaked, broad based, large amplitude 

T wave, QTc interval is 580 ms.
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The ECG of the proband (figure 2) shows sinus rhythm (60 bpm), normal conduction 
parameters, intermediate electrical axis and abnormal ST-T segments. The T-wave is broad 
based and has a large amplitude in most leads. In lead V2, there is a biphasic T-wave that is 
typical for LQT2, QTc interval is 580 ms.
Genetic Analysis: Mutation c.2362G>A (p.Glu788Lys) was detected in the KCNH2 gene 
(which encodes for HERG protein). Glutamic acid (E) in this position at HERG is highly 
conserved amongst diverse species (compared between human, mouse, rabbit and zebrafish) 
(figure 2). This mutation has not been described before and has never been found in our 
control populations. This mutation has also been detected in her 3 year old daughter, who is 
asymptomatic. Parents of the proband were not tested for this mutation.

Family D:  
Clinical analysis: Patient (arrow marked, figure 3) is a female child. At age 6 years, she 
had her first episode of syncope and tonic-clonic seizures, from which she recovered within 
3-4 minutes. She consulted a neurologist, and was given antiepileptic medication, which she 
continued for two years and then she stopped. No occurrence of syncope and presyncope 
reported during these two years.
At age 12 years, she again developed similar episodes of syncope and tonic-clonic convul-
sions, from which she recovered within 3 minutes. During this period, patient had been 
suffering from flu symptoms, mild cough, runny nose and fever. She was brought to the ER, 
she was found to have bradycardia with heart rate of 36 beats/min. Thereafter, she devel-
oped polymorphic ventricular tachycardia at a rate of 160 beats/ minute. She was resus-
citated and admitted to the hospital. Later, during her hospital stay, the patient developed 
another episode of torsades de pointes and she recovered after treatment with magnesium 
sulfate. Her hearing was normal.
Her ECG report mentions a prolonged QT interval (QTc=516 ms) with functional 2:1 block. 
Her electrolytes were within normal range. Echocardiography revealed a normal heart 
without any structural abnormalities.  A dual chamber ICD was implanted and oral propra-
nolol was prescribed. ECG (figure 3) taken post ICD shows atrial paced rhythm (60 bpm), 
normal conduction intervals and an intermediate electrical axis. The ST segments are low in 
amplitude in the inferior extremity leads and in the left lateral leads.
This patient is now 14 years and 6 months old and no further symptoms of syncope have 
developed since then. She is the only child of the parents. This family comes from Jeddah, 
and is not consanguineous. Parents are devoid of any symptoms pertaining to arrhythmias.  
But, there is a history of unexplained SCD of one aunt (mother’s sister) at the age of 19 yrs. 
Non-symptomatic family members declined to perform any clinical investigation.
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Figure 3: Top left: Pedigree of the family-D. Affected individual is shown as filled circle (female) or square 

(male). Non-filled circles and squares are non-carriers for the mutation. Proband is indicated by an arrow. Black 

dots within the circle or square are mutation carriers, without any clinical complaints.

Top right: Screening of the LQT2 causing KCNH2 gene shows two heterozygous mutations in the proband. First 

mutation is substitution of nucleotide “C” for a “T” (c.1609C>T, red arrow marked). Second mutation is duplica-

tion of one basepair A at position 2334 (c.2334dupA, red arrow marked). DNA sequences from the non-diseased 

individuals were denoted by black arrows.

Below: 12 lead ECG of the proband (I:2) from family-D. This ECG was taken after an ICD implantation. ECG 

shows an atrial paced rhythm (60 bpm), normal conduction intervals and an intermediate electrical axis. The ST 

segments are low in amplitude in the inferior extremity leads and in the left lateral leads. ECG in this figure shows 

a QTc of 440 ms, but at a faster rate QTc increased to 560ms because of increased U-wave amplitude (not shown) 
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Genetic Analysis: Two different heterozygous mutations (compound heterozygous) in the 
KCNH2 gene (causal to LQT2) were detected in this patient. The first mutation is a nucleotide 
change c.1609C>T (NCBI Ref: NM_000238) which results in an amino acid substitution 
p.Arg537Trp (R537W) in the fourth transmembrane segment of the HERG protein (encoded 
by KCNH2 gene). This mutation has not been described before and has never been found 
in our and published control populations. Arginine (R) in this position at HERG is highly 
conserved across various species (when compared between human, mouse, rabbit, zebrafish) 
and the substitution from Arginine (R) to Tryptophan (W) also causes a drastic change in the 
amino acid property. Substitution of the basic arginine for the non-polar tryptophan reduces 
the hydrophilicity and therefore surface exposition probability of the HERG protein is likely 
to be altered. Further, this mutation is located in a functionally important S4 domain, which 
is the principal voltage sensor of HERG K+ channel.30

The second mutation is duplication of nucleotide A at position 2334 in the cDNA, result-
ing in a frameshift at position 782 in the HERG protein and premature termination of the 
protein after 22 altered amino acids (p.Ile782fsX22). This mutation is also novel and not 
present in control populations. 
The mother is a carrier of the mutation p.Arg537Trp (R537W) and the father is a carrier 
of the mutation p.Ile782fsX22, both of them are clinically asymptomatic. No other family 
members were genetically investigated.

Family E: 
Clinical Analysis: Proband (arrow marked, figure 4) in this family is a boy, now 3-years 
old. He had alternative episodes of brady and tachyarrhythmias from 22 weeks of gestational 
age. Due to the continuation of arrhythmia, he was delivered at 32 weeks of gestation by cae-
sarean section. Cardiac monitoring showed short runs of polymorphic ventricular tachycardia 
and (functional) AV block with variable escape rhythms with different QRS morphology and 
a QTc of 605ms.3 At 12 hours of age, he underwent a permanent epicardial pacemaker (VVI), 
which resulted in a stable heart rate of 150 bpm. Additionally he is receiving atenolol (6 mg 
b.d.s). Parents are consanguineous; they are healthy without any complaints of arrhythmia. 
Mother had history of two miscarriages at 8 (II:1) weeks and 10 (II:2) weeks of pregnancy, 
followed by the delivery of a stillborn (II:3) hydropic baby who had a reported irregular heart 
beat, at the 29th week of pregnancy. Her fourth pregnancy was uneventful with the delivery 
of a healthy male infant (II:4).  The fifth pregnancy (II:5) was complicated by brady and 
tachyarrhythmia in the second trimester followed by fetal demise at 29 weeks.  
Genetic Analysis:The proband was detected to carry a homozygous non-sense mutation in 
exon 14 of KCNH2 gene (encoding HERG) at nucleotide position 3208 (c.3208 C>T; NCBI 
Ref. NM_000238), which creates a premature stop codon at the 1070th amino-acid position 
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of HERG protein (gene KCNH2) that eliminates the distal C-terminal domain of the HERG 
protein (p.Q1070X). Both parents are heterozygous carriers for this mutation (figure 4). In 
depth clinical information and functional analysis explaining the disease pathogenicity due 
to this mutation has been described previously.3 

Family F:
Clinical analysis: In family F, proband (arrow marked, figure 4) is a neonate (male), he 
is now ten weeks old. His mother was first referred to Khamis Mushayt Military hospital at 
32-weeks of gestation due to bradycardia and later evaluated at the Prince Sultan Cardiac 
Center, Riyadh. Echocardiogram of the fetus revealed no abnormality. A male child was 
delivered at full term by caesarean section (due to two previous caesarean sections). On birth 
his weight was 2.4 kg. On birth the neonate was asymptomatic, but on day 5, he was noticed 
to have poor feeding by parents and suddenly stopped breathing at home and became limp 
and cyanosed. He received cardio-pulmonary resucitation by a relative at home and regained 
consciousness. Patient was brought to the same hospital, where he was diagnosed to have car-
diopulmonary arrest and needed resuscitation. ECG showed torsades de pointes arrhythmia. 
DC shocks were given, and a temporary pacemaker was inserted, which was later replaced by 
a permanent epicardial pacemaker (VVI), resulting in a stable rate of 120 bpm. Additionally, 
he is on propranolol 3 mg t.d.s. CT scan  of brain did not  reveal any abnormalities.
Two siblingss of the proband (4 and 6 years) are healthy without any clinical signs of ar-
rhythmia. The parents originate from the Assir region, they are not knowingly consanguine-
ous. The father is 36 years old, he has history of occasional light headache on exertion. The 
mother is 31 years old, she has history of episodic tonic-clonic convulsion since she is 18 

Figure 4: Top panel: Pedigree of the studied family and their haplotypes encompassing the KCNH2 gene. Affected 

individuals are shown in filled circles (female) and squares (male). Non-filled circles and squares are non-carriers 

for the mutation. Deceased individuals are indicated by slashes, probands are indicated by arrows. Miscarriages 

are shown as triangle shaped symbols. The disease haplotype is denoted with a filled red vertical bar, and normal 

haplotypes are indicated by other colours Consanguineous marriage is indicated by =.

Middle panel: Screening of the KCNH2 gene shows substitution of nucleotide “C” for a “T” at cDNA position 

3208 (NCBI ref: NM_000238) which creates a stop codon at this position.  Left chromatogram shows DNA 

sequence of a non-diseased control individual (black arrow), central chromatogram shows homozygous mutation 

(red arrow) in the probands of family E and F. Right chromatogram shows the DNA sequence from the parents 

(both families) who carry the mutation heterozygously (red arrow).

Below panel: ECG shows sinus tachycardia with almost complete AV block, wide complex escape rhythm with 

very long QTc intervals (QT > 600 ms).
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years old. She first experienced the syncopal event with only brief loss of consciousness at 
age 26 year. There after she had similar episodes 2 times. She has been on carbamazepine 
(tegretol 200 mg b.d.s) which controlled her symptoms. Symptoms in mother were pre-
cipitated by anger. Furthermore, the mother had a history of miscarriage at 12 weeks of 
pregnancy. However, both parents declined to perform any clinical investigations despite 
their heterozygous carrier status.

Figure 4 shows an ECG from the neonate taken after DC shock. The ECG shows complete 
AV block, wide complex escape rhythm with a QTc interval of > 600 ms.
Genetic Analysis: We have identified the same homozygous non-sense mutation in exon 
14 of KCNH2 gene (encoding HERG), that was detected in the proband of family E. Both 
parents are heterozygous carriers for this mutation (figure 4). 

Haplotype Analyses in Detecting the Ancestral Origin of the Mutations:
Family A and B: Patients in Families A and B originated from the Assir region. LQT1 
causing identical mutation c.387 -5 T>A in KCNQ1 gene was detected in the probands of 
both families, whose parents carried the mutation in the heterozygous form
Both families are not knowingly linked. Haplotype analysis with the polymorphic microsat-
ellite repeats encompassing the KCNQ1 gene show that the probands in both families share 
the identical haplotypes/alleles homozygously (figure 1), emphasizing the fact that this 
mutation in all the children in both families originated from the single ancestor. Probands’ 
parents in both families harbored the identical pathogenic alleles (filled red bar, figure 1), 
heterozygously.
Family E and F: Families E and F originated from the Assir-region. Patients in these 
families were diagnosed with the recessive variant of LQT2. Identical homozygous mutation 
c.3208 C>T has been detected in KCNH2 gene in patients from both families.
Both families are seemingly unlinked. Haplotype analysis with the polymorphic microsatel-
lite repeats encompassing the KCNH2 gene show that the probands in both families share 
the identical haplotypes/alleles (figure-4) emphasizing the fact that this mutation in all the 
children in both families originated from the single ancestor. Probands’ parents in both 
families harbored the identical pathogenic alleles (filled red bar), heterozygously.

Discussion
In this study we have investigated six Saudi families with history of syncope and sudden 
unexplained death of fetus and children. We have performed an in-depth clinical and genet-
ic analysis to elucidate the pathophysiology of unexplained deaths or unexplained syncopal 
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attacks. Clinical diagnosis in patients from family A and B were autosomal recessive LQT1. 
Patient in family C was diagnosed with autosomal dominant LQT2. Probands from family 
D, E and F were confirmed to have autosomal recessive LQT2. In all cases, pathogenic mu-
tations in the LQTS causing cardiac ion channel genes led to the definitive diagnosis, added 
by the clinical symptoms and ECGs. 
The genetic and clinical findings in this study are quite intriguing for several reasons: 
1) In total, we have investigated 6-families, among them 4 are homozygous/recessive carri-
ers for the mutations and the mutations originated from an ancestral source; 
2) All the detected LQTS causing mutations are novel, being reported only in these Arab 
families in this study; 
3) Due to the homozygous mutations, clinical phenotypes are also more severe in the stud-
ied families. We suggest that the genetic and phenotypic observations stems from the high 
rate of consanguineous marriages in this country, which is between 34% and 80% depend-
ing on the province.13 The incidence of other diseases e.g. haemoglobinopathies, glucose-
6-phosphate dehydrogenase deficiency, and several metabolic disorders are also higher 
among the Arabs due to this consanguinity.1 A recent study by El-Mouzan et al. (2008) 
found congenital structural heart defects also significantly higher among the offspring of 
the consanguineous couples.14 Studies explaining the role of consanguinity in the pathol-
ogy of sudden unexplained cardiac deaths or sudden explained syncopes in this region are 
lacking, especially among the children. Our study provides the first scientific evidence that 
consanguinity plays a pivotal role into unexplained sudden deaths in the children in this 
community.
LQT1 is an autosomal dominant disease caused by a single mutation in the KCNQ1 gene. 
Recessive (homozygous/compound heterozygous) mutations in this gene cause mostly 
JLNS, but in rare instances only LQT1.6,12,18,27-28 Till now, we see only three reports, world-
wide, that describe recessive mutations in LQT1.21,28,31 In our study with only six families, 
we report two families with recessive LQT1 and the identified mutation is very likely to be 
a founder mutation in Assir region of Saudi Arabia. This rate of recessive LQT1 is unusu-
ally high. Similarly, recessive LQT2 is also very high in this community. Previously, only 
three reports have been published worldwide, explaining the fatal phenotypes in young 
recessive KCNH2 mutation carriers.17,19,29  Contrarily, in this single study we report two 
families with recessive KCNH2 mutation c.3208 C>T (p.Q1070X). This mutation is also a 
founder mutation in this region. 
In family C, we have identified a LQT2 causing heterozygous mutation Glu788Lys in the 
HERG (encoded by KCNH2 gene). Generally, reported mutations in LQT2 patients are 
heterozygous. The patient in this study developed arrhythmia symptoms postpartum, and 
telephone ring provoked the symptoms, both are very common denominators in LQT2 
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patients.32,35,37,46 Patient has a remarkably large-amplitude T-wave, which is often not seen 
in KCNH2 mutation carriers, typical ECG in LQT2 is associated with low-amplitude, often 
bifid, T waves.26,49 LQTS patients occasionally might carry mutations in two LQT causing 
genes with higher risk of cardiac arrest.45 However, we did not find a second mutation in 
the rest of the known LQTS causing genes in this patient. Her daughter is also a carrier for 
the mutation, she is 3 years old and has had no symptoms of arrhythmia and is receiving 
no medication. We advised her daughter to be followed up every 3-6 months, as KCNH2 
mutation carriers were reported to develop clinical symptoms of arrhythmia after the age of 
10 years.48

The proband in family D is a carrier for double heterozygous (compound heterozygote) 
mutations in KCNH2. Her arrhythmia symptoms are also very severe, like the homozy-
gous mutation carriers in family E and F. Proband’s mother is carrier for the mutation, 
p.Arg537Trp, and she does not have symptoms. But, the family history reveals that the 
proband’s otherwise healthy aunt (mother’s sister) died at 19 years due to unexplained 
reason. We are tempted to speculate that she might have carried the p.Arg537Trp mutation 
in the HERG (gene: KCNH2). It is a well established fact that not all LQTS causing muta-
tions are always equally penetrant in expressing their clinical phenotypes, some individuals 
are more prone to develop disease symptoms than others. This perhaps explains why the 
mother is devoid of symptoms despite having a mutated allele. The father of the proband 
carries a frameshift mutation p.I782fsX22 and he does not have any symptoms. Similarly, 
we observe that heterozygous Q1070X mutation carriers in family E and F also have no 
arrhythmia symptoms and also no ECG phenotype (except the proband’s mother in family 
F). We have previously shown that the heterozygous mutation Q1070X is unable to exert 
a dominant negative effect on the normal allele; hence they are less likely to suffer from 
arrhythmia phenotypes.3  But, there are reports where patients with heterozygous frameshift 
mutations and also non-sense mutations were found to have suffered from the disease.7,15 
Individual specific modifier (gene or environment) were shown to play a role in disease 
manifestation, progression and pathogensis in LQT2.9,23 In our study we observe that LQT2 
causing Q1070X (homozygous) mutations in HERG (encoded by KCNH2 gene) might lead 
to early miscarriages and abortions, and gestational arrhythmias. The experimental findings 
in mice and zebra fish could be aligned with human findings, where researchers suggested 
that KCNH2 encoded HERG is essential for rhythmic propagation from the very early 
stages of life and absence of this protein could lead to deaths in early intrauterine stages.22,25 

Family A-B (also E and F) are not knowingly linked, as claimed by both families. We have 
scientifically proved that LQT1 causing KCNQ1 mutations in family A-B have a common 
ancestral origin and this mutation has like spread in this community over several genera-
tions due to high incidence of consanguineous marriages. A similar result was also obtained 
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for patients in family E and F, where LQT2 causing mutation in KCNH2 gene also origi-
nated from a single ancestral source in both families. We would predict that there would be 
a considerable number of individuals with the mentioned ancestral/founder mutations (both 
in KCNQ1 and KCNH2 genes) in this region. 
In this study, we have chiefly identified the recessive mutation carrier patients. As LQTS is 
an autosomal dominant disease, we were expecting to encounter more dominant mutation 
carrier patients. Very likely explanation is that, all these patients were referred to Prince 
Sultan Cardiac Centre, where mostly only very severe patients are referred. Nevertheless, 
our study points to the fact that recessive LQTS could have fatal clinical phenotypes in chil-
dren and are prevalent in Saudi Arabia. As the dominant mutation carriers are also suscepti-
ble to arrhythmia risk, they should be sought for. Community clinical and genetic screening 
in the tribal communities will identify the disease risk population. As there is simple effec-
tive treatment available for prevention of syncope and sudden death, carriers will benefit 
from the screening. Carriers could also be counseled for behavior modification therapy in 
curbing the sudden deaths. Schwartz et al.35 described LQT1 patients experience the major-
ity of their events (62%) during exercise or swimming. In our study LQT1 patients (family 
A and B) also suffered from syncopal attacks during swimming or playing. Similarly, sud-
den startling noises e.g. alarm clock noise, telephone ringing often trigger syncopal events 
in LQT2 patients,32,46 which we have observed in our patient in family-C. 
ECG phenotypes and identification of triggering factors (e.g. exercise, swimming, tele-
phone ring, door bell etc.) in disease occurrence were shown effective in cascade screening 
for a genetic mutation in LQTS patients.41 Due to high rate of endogamous marriages in the 
Assir region, we would expect that the mutations in KCNQ1 (c.387 -5 T>A) and KCNH2 
(c.3208 C>T) could be frequent in LQTS pathogenicity. Information about arrhythmia 
triggering factors among the LQTS patients combined with information about the extended 
family, might develop an effective targeted, simplified, genetic screening strategy in this 
region. The KCNQ1 and KCNH2 founder mutations identified in this study could be used 
as a first line of genetic investigation before proceeding to full length screening of LQTS 
causal genes.
Finally, we have observed that many of our patients suddenly disappeared or refused to 
perform further genetic or clinical analysis in family members. Perhaps, this is considered 
to be a shameful circumstance or a taboo. A proper genetic and psychosocial counselling 
service needs to be developed to deal with this issue as in many cases the first clinical mani-
festation could be sudden death at young age in the mutation carriers.
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Conclusion
This is an extension of our previous report elucidating the genetic pathology into the causa-
tion of syncopes and sudden cardiac deaths in children from Saudi Arabia.3-4 All identified 
six mutations causal to LQTS are novel. Four of the six families in this study harbored 
founder mutations causal to LQTS. Recessive LQTS related arrhythmias are likely to be 
prevalent in the Assir region, predisposing them to severe congenital arrhythmias. A pilot 
screening strategy to identify the risk population in this region could be considered.
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