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MD, PhD
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Department of Cardiology and Vascular Medicine
Organization:

Universitas Indonesia
National Cardiovascular Center Harapan Kita,
Jakarta

Why did you choose to enter medicine and above
all, prefer to specialize in Electrophysiology?
When I was very young, all kids wanted to be doctors.
I was lucky then to achieve it. My interest in EP field
began when in 1996 leading electrophysiologist from
the UK came to Jakarta and discussed in detail how
to analyze an ECG. A very inspiring moment.
What do you regard as the most significant
development in Electrophysiology in the recent
past?
I was very fortunate to witness the development
and validation of the Ensite system when I did my
fellowship at the Taipei Veterans General Hospital in
2002 under the supervision of Prof. Shih-Ann Chen.
At that time, the Ensite system inventor, Graydon
Beatty PhD gave a lot of insight into the 3D mapping
system. An important technological leap for the
development of EP.
Can you talk about an accomplishment that you
are particularly proud of?
When I returned from Taipei, there were only 2 EP
doctors in Indonesia, Dr Muhammad Munawar and
myself. After strengthening the arrhythmia service
at the Harapan Kita National Cardiovascular Center,
then I started to dare to do EP fellowship and finally

I founded the Indonesian Heart Rhythm Society
(InaHRS) in April 2013. This is an important milestone
in the progression of arrhythmia in Indonesia.
Currently, arrhythmias are widely known in Indonesia
and there are about 36 EP doctors spread throughout
Indonesia.
If you could have an alternative career, what
would it be and why?
I’ve always liked knowing the mechanisms of things.
This is also what makes me love the EP field. If I didn’t
become an EP doctor, maybe I would have preferred
basic science. But I also really enjoy learning from
nature.
Who has inspired you the most in your life and
why?
Prophet Muhammad PUBH has always been an
inspiration for every step of my life. In my EP career,
my mentor Prof Shih-Ann Chen, MD and my best
friend Prof. Lin Yenn-Jiang MD, PhD, from Taipei
Veterans General Hospital have instilled a deep love
for the EP field. My senior in Jakarta, Dr Muhammad
Munawar, was the most important person in shaping
my EP career. The most impressive thing is the
attitude of my Guru, Dr Otte J Rachman, who always
exemplifies persistence in improving skills and
systematic thinking.
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What are your hobbies and interests outside of
medicine?
I really like mountain biking. Enjoying the fresh
mountain nature, the friendliness of the villagers, and
the challenging trails are excellent stress relievers.
Small group of cyclists, compact, mutually supportive
and cheerful together.
What is the funniest thing that has happened to
you recently?
My 6-year-old grandson looks overweight. Then I said,
you shouldn’t snack too much. But spontaneously he
said, I’m strong, not fat. Then he hilariously said, how
come grandpa is talking about physically aspect.
Young guys are very smart today, but they need wise
guidance.
What is your best life advice, motto or favorite
quote?
The best human being is the most beneficial for other
human beings.
What advice would you give to your yourself self?
Prepare for the afterlife better because it is eternal.
Do a lot of kindness sincerely.

What are your thoughts about some of the
emerging technologies, and the way they will
shape the future care of arrhythmia patients?
Arrhythmia field is running quick. Improvements
in electroanatomical mapping and other imaging
techniques will improve our efficacy in treating
patients, independently of the type of structural
substrate. But for me what matters is proper use.
In accordance with needs, local socio-economic
conditions, balance of efficacy and costs. An EP
doctor must continue to improve his/her cognitive
and competence, but do something that your patient
really needs.
If you were a movie character, who would you be
and why?
I want to be a simple person who is ready to help in
my simplicity. A life that is not difficult.
You’re a new addition to the crayon box. What
color would you be and why?
Green color. Green is shade, green is easiest to
identify, green is natural.
How do you keep a healthy work/life balance?
At this age of 50, a balance of work, family life,
and worship is essential. There are not many
worldly desires anymore, getting closer to God,
strengthening friendship is more important to do.
Favorite weekend activity?
Mountain Biking
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Introduction
Sudden cardiac arrest (SCA) events in those aged over 35 years are most commonly the result of coronary artery
disease.1 In the young and where coronary ischemia has been excluded, genetic heart diseases are increasingly
prevalent.2 Elucidating the aetiology of a SCA is key and for SCA survivors without an ischaemic precipitant, the
arrest event is often only the beginning of a diagnostic odyssey for both patients and their families. The CASPER
group from Canada have clearly demonstrated the benefit of a systematic approach to clinical investigation
in apparently unexplained SCA but the cause of non-ischaemic SCA remains elusive in up to 40%.3-6 In the
era of next-generation sequencing, with reducing costs and exponentially increasing efficiency coupled with
rapidly growing understanding of genetic mechanisms of disease and normal genetic variation in the population,
the role of genetic testing in the management of SCA continues to evolve. Below, we will outline below the
multidisciplinary approach we take to managing non-ischaemic SCA survivors and present data from our centre
which suggests wider genetic testing in idiopathic SCA survivors may help uncover “concealed cardiomyopathy”,
where arrhythmic events occur prior to overt structural changes.
Case of an Elite Athlete
A 27-year-old elite athlete presented following a resuscitated cardiac arrest which occurred during the warmdown phase of a routine training session. No cause was identified despite thorough investigation including
cardiac magnetic resonance imaging which revealed a structurally normal heart. Electrocardiograms are shown in
Figure 1. Genetic analysis of 109 genes associated with cardiac disease was performed. A pathogenic variant was
identified in Desmoplakin (DSP), a gene implicated in arrhythmogenic cardiomyopathy.7 The patient was advised
to cease involvement in competitive sport and has had no device therapy or recurrent events to date. Cascade
screening and phenotyping of first-degree relatives is ongoing.
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Figure 1:. Electrocardiograms from (A) post cardiac arrest and (B) one month post cardiac arrest.

Care of SCA Survivors
A comprehensive discussion of the investigation of SCA survivors is elegantly presented in the 2020 APHRS/
HRS Expert Consensus Statement on the Investigation of Decedents with Sudden Unexplained Death and
Patients with Sudden Cardiac Arrest, and of Their Families.8 In keeping with previous international guidelines,
the multidisciplinary team is again highlighted as the optimal mode of providing care. Alqarawi and colleagues
have also recently published a suggested stepwise algorithm based on existing evidence of the yield of various
clinical investigations and genetic testing.9
At our centre, SCA survivors without an apparent
aetiology of arrest on routine investigations
are seen by the multidisciplinary Genetic
Heart Disease (GHD) service. A Hypertrophic
Cardiomyopathy clinic was initially established
at Royal Prince Alfred Hospital in 1991 but
expanded to a comprehensive GHD service in
2003. The GHD clinics are cardiologist-led, coordinated by a dedicated genetic counsellor
and facilitate the care of over 800 patients
and families with, or at risk of, an inherited
heart disease each year. A patient-centred,
multidisciplinary team (Figure 2), which includes
cardiologists, cardiac electrophysiologists,
cardiac genetic counsellors, experienced
sonographers, cardiac technicians and a
psychologist provide the core of routine care
but strong links with colleagues in clinical
genetics, forensic medicine, advanced cardiac
imaging, cardiothoracic surgery provide expert
subspecialty input where required. These
multidisciplinary clinics allow for the provision
of comprehensive clinical care including
detailed phenotyping, genetic assessment,
psychosocial support. It is on this backdrop,
and with a team experienced in rigorous
genetic variant classification that we have
sought to investigate the role of expanded
genetic testing in SCA survivors.
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Figure 2:. Patient-centred, multidisciplinary care of SCA survivors
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Genetic Testing in SCA Survivors
Non-ischaemic SCA survivors are a heterogenous population and the yield of genetic testing varies with cohort
characteristics and genes included in analysis. A yield of over 80% has been reported in patients where a clinical
diagnosis of a genetic heart disease is made following SCA, and ranges from 8 to 21% in idiopathic SCA survivors
depending on the extent of testing.6, 10 While previous international guidelines11, 12 have strongly recommended
against genetic testing following SCA in the absence of a specific phenotype, the most recent APHRS guidelines8
suggest an emerging role for genetic testing following clinically-idiopathic SCA.
We recently sought to investigate the role of genetic testing in our non-ischemic SCA cohort, which comprised
of 98 SCA survivors. A diagnosis was identified on clinical assessment in 50 patients, with a cardiomyopathy or
arrhythmia syndrome diagnosed in 26 (27%) and 24 (25%) SCA survivors respectively. The cause of arrest was
unascertained following clinical evaluation in 45 (47%) patients.
Eighty-seven SCA survivors (92%) had genetic data available for analysis. In total, 22 pathogenic or likely
pathogenic variants were identified resulting in an overall yield of genetic testing in this diverse SCA cohort of
25%. Interestingly, there was no difference in the yield of genetic testing between those with a clinical diagnosis
of genetic heart disease compared to idiopathic SCA survivors (28% versus 22% p=0.424). Disease-causing
variants were identified more frequently in patients who arrested during or following exercise than those who
experienced events while asleep or at rest (45% versus 11% p=0.001). Three quarters (77%) of pathogenic or
likely pathogenic variants were identified in those aged ≤35 years at the time of their arrest and the yield of
genetic testing was significantly higher in the younger age group (38% versus 12%, p=0.006;).
Eight pathogenic or likely pathogenetic variants were identified in clinically-idiopathic SCA survivors.13
Interestingly, 7 (88%) of these disease-causing variants reside in cardiomyopathy genes despite the absence of
diagnostic structural changes on imaging. Cardiac magnetic resonance (CMR) imaging was performed prior to
genetic testing in 5 of these 7 (2 patients did not have CMR performed due to the presence of cardiac devices).
Two (40%) showed non-diagnostic changes while 3 (60%) revealed a structurally normal heart. Three of these 7
probands, are known to have developed features of cardiomyopathy and/or recurrent malignant arrhythmias in
follow-up.
Discussion
The role of phenotype in genetic testing of SCA survivors
In contrast to previous studies3, 6, we saw no difference in the rate of identification of disease-causing variants
between SCA survivors with a clinical diagnosis and those without in our cohort. This lack of difference may be
the result of a significantly higher yield of genetic testing in our idiopathic cohort than that reported previously
in similar groups, likely due to a broader genetic testing approach.6, 10, 14 In our cohort, broad genetic testing
(analysis of genes associated with cardiomyopathy as well as arrhythmia syndromes) was pursued in 80% (n=36)
of idiopathic SCA survivors and yielded a positive genetic result in 22%. In comparison, Giudicessi et al reported
a yield of only 2% in a similar cohort where less than a quarter of idiopathic ventricular fibrillation patients had
“pan-arrhythmia/pan-cardiac” analysis.6 Extended, multi-phenotype testing has been shown by Mellor et al to
nearly triple the yield of testing in idiopathic SCA survivors and we saw a similar rate in our cohort.10
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Clinically-idiopathic SCA survivors and concealed cardiomyopathy
Eighty-eight percent (n=7/8) of disease-causing genetic variants in our clinically-idiopathic SCA cohort were
identified in genes associated with cardiomyopathy.13 Rigorous phenotyping increases the clinical diagnosis
rates following SCA3 but the prevalence of disease-causing variants was demonstrated here in the absence of
pathological changes on CMR imaging. Disease-causing variants in cardiomyopathy-associated genes have been
identified in 12.5% unexplained SCD victims with negative autopsy15 pointing towards an arrhythmic phase prior
to the development of overt structural disease in some cases. This concept of “concealed cardiomyopathy”
is best described in arrhythmogenic right ventricular cardiomyopathy (ARVC).3, 16 The mechanistic basis of
concealed phase ARVC has been elegantly demonstrated in a murine PKP2 knock-out model with calcium
dysregulation preceding structural change.17 Cases of arrhythmic events preceding structural changes have also
been described in genes implicated in other cardiomyopathies such as HCM.18, 19
It is important to note that if testing in clinically-idiopathic SCA survivors was limited to arrhythmia genes, akin
to the use of the molecular autopsy in unexplained SCD, the yield of genetic testing in the group we describe
would fall to 3% (n=1), significantly lower than reported yields of up to 35% with the traditional “molecular
autopsy”.20 A crucial difference between these groups is the ability to electrically phenotype SCA survivors,
including stress testing and pharmacological challenges, clearly not possible in the postmortem setting. This
comprehensive electrical evaluation facilitates clinical diagnoses of arrhythmia syndromes, potentially lowering
the apparent yield of isolated arrhythmia panels in clinically-idiopathic SCA survivors as the group is depleted of
patients where arrhythmia syndromes have been identified clinially.3-5
Although these results suggest a potential role for expanded genetic testing in SCA survivors, further work is
needed before considering this in routine practice. Longitudinal follow-up of the proband to monitor for the
development of overt structural disease as well as genotype-phenotype correlation in relatives will improve
understanding of this entity of concealed cardiomyopathy. It also will be important to see if the findings described
above are replicated at other centres. Ultimately, if broad genetic testing is to be considered, particularly in
patients without a clear phenotype, it will be vital that this is performed by teams with expertise in variant
classification and management of variants of uncertain significance and with the capability of periodically
reviewing variant pathogenicity as understanding of genetic variation in cardiac disease improves.21
Conclusion
A patient-centred, multidisciplinary team provides the optimal setting for the care of SCA survivors. Although
broad, multi-phenotype genetic testing is not yet ready for primetime, we present early evidence that it may be
useful in identifying concealed cardiomyopathy which can impact patient management.
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INTRODUCING THE NEWEST APHRS MEMBER SOCIETY
- HEART RHYTHM ASSOCIATION SINGAPORE (HRAS)
I am happy to announce that Singapore has finally formed the Heart Rhythm Association Singapore. This is
especially important as Singapore will be hosting the APHRS scientific session in 2022. As Singapore is a small
country, there was initially no need to have a separate society and when the 1st APHRS Scientific Session was
held in Singapore in 2008, the meeting was hosted by the Singapore Cardiac Society. However, since then the
number of electrophysiologists in Singapore has grown rapidly and we are now ready to form a society to host
the next APHRS scientific session in 2022. The society also aims to increase awareness among doctors, allied
professionals and the public on the detection, diagnosis and treatment of cardiac arrhythmias in Singapore.
We will also cooperate with the local cardiac society or heart association and with other regional Heart Rhythm
Societies and APHRS to achieve the above goals. We will be holding our 1st HRAS Annual Scientific Meeting
on 5 June 2021 which will be virtual and free to all participants. Hopefully the COVID-19 pandemic will subside
soon and we will eventually have meetings where we are able to meet each other in person. Hopefully this will
be possible during the APHRS 2022 meeting in Singapore!
With best regards
Wee Siong Teo
President of Heart Rhythm Association Singapore

