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Abbreviations: HCM, Hypertrophic Cardiomyopathy; CPVT, 
catecholaminergic polymorphic ventricular tachycardia; ARVC, 
arrhythmogenic right ventricular cardiomyopathy; SVT, Supra-
Ventricular Tachycardia; AMP, adenosine mono phosphate; PAH, 
pulmonary arterial hypertension

Introduction
Genomic and systems biology advances are predicated to 

change the way medicine is practiced in the future. The focus will 
be for patient or participant driven effort to maintain wellness and 
to identify disease onset at very early genetic and epigenetic levels. 
There is potential for re-alignment of the abnormal biology towards 
normal with medicine and therapy individualised for that particular 
participant. This is the basis for so-called personalised medicine and 
P4 medicine.1–3

Implementation of diagnostic tools and risk stratification once 
a diagnosis is made is common practice in medicine and certainly 
no different in clinical cardiology. The cardiologist intervenes on 
those with high estimated risk; there by avoiding future potential 
complications. The classical example is the CHA2DS2VaSc score 
to estimate thrombo-embolic risk in non valvular atrial fibrillation 
.4 Many other risk stratifications such as TIMI score; Syntax score; 
Euroscore; Framingham risk score are used routinely in cardiology 
to guide therapy.

There is much anticipation that gene sequencing will provide 
early diagnostic tools and further risk stratification models that 
can be applied in clinical practice. Furthermore there is potential 
and expectation genomics will guide choice of therapy and doses 
of medication to individuals.5 Since the isolation of LDL receptor 
gene.6 and hypertrophic cardiomyopathy gene; 7 hundreds of other 
genes have been linked to cardiac disease either directly or indirectly. 
The genetic information available on cardiac disease is immense. 
However; currently the majority of this information cannot be utilised 
at the bed side in a clinically meaningful manner.

We will summarise the types of genetic tests that are available to 
the cardiologist. We will also summaries the current understanding 

of the genetic predisposition to common adult clinical cardiology 
presentations and assess the impact of genomics to date on routine 
practice including its impact on currently used medications.

Genome sequencing

DNA sequencing has become faster and cheaper since the new 
generation sequencers were invented in early 2000’s.8 Better and 
faster equipment were developed by several competing commercial 
companies.9,10 These sequencers use the so-called massively parallel 
sequencing in comparison to the technique that was initially described 
by Sanger and Coulson.11 and used in the early days of the Human 
Genome Project. The new technology allows vast quantities of DNA 
to be read accurately and rapidly. The whole genome or the whole 
exome (protein encoding regions of the DNA) can be sequenced 
with comparable time frames (and possibly comparable costs) to the 
original Sanger technique; which; though dwarfed by the capacity 
of the new generation sequencers; still is the most widely used tool 
for candidate gene sequencing in clinical practice.12 In other words; 
the clinical cardiologist has the option of three types of genomic 
tests at his disposal; namely traditional Sanger technique or targeted 
gene sequencing; whole exome sequencing and lastly whole genome 
sequencing.

Target gene analysis is used widely in clinical practice. For 
example after identification of a long QT variant in the index case 
other members of the family have the opportunity to analyse their 
DNA for the presence of that specific gene variation. Target gene 
analysis can be performed for gene analysis in the index family 
member as well. However; the cost associated with sequencing many 
different variations are higher. With daily discovery of new candidate 
gene variants (and many unknown variants) target gene analysis may 
be used less commonly in the future.

In cases with multiple genetic variations; for example long QT 
syndromes and hypertrophic cardiomyopathy; it may be reasonable 
to choose whole exome analysis. However; in practice both whole 
exome analysis and whole genome analysis are research tools and 
only a few laboratories provide clinical services,12 target gene analysis 
provides an answer to a specific question. In comparison whole exome 
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Abstract

Recent technological advances in gene analysis have provided the modern day cardiologist 
additional tools to diagnose and risk stratify the cardiovascular patient. This provides 
a potential window to prevent disease and to maintain wellness, with personalised 
intervention, in contrast to the traditional approach of treatment to ailment. Many genetic 
variations predisposing to various cardiovascular pathologies have been described. In some 
cases the pathological pathways involved are evident, whereas in most heterogeneous 
conditions the mechanisms remain unresolved. Translational research is progressing in such 
a rapid pace it is highly likely that coming years will provide the clinical cardiologist many 
pathways of action for early diagnosis and for targeted treatment. We will review what 
genomic tools are currently available for the cardiologist to use in routine clinical practice.
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analysis and whole genome analysis provides a myriad of information 
on genes that may or may not concern the cardiologist or the patient.13 
Most laboratories separate such incidental findings to actionable; 
potentially actionable and variants of unknown significance groups. 
In general actionable variants should be reported to the patient. 
Such variants include BRCA1 and BRCA2 genes; Colon cancer 
genes; Long QT and hypertrophic cardiomyopathy genes and 
hypercholesterolaemia genes.12 To complicate matters further; the 
mutations themselves have multiple variations. In arrhythmogenic 
cardiomyopathy some variations previously thought to be associated 
and causative are present in the normal population.14 There is effort 
to get over this lack of clarity by specifying a signal to noise ratio.15 
Deciphering a genetic analysis and interpreting complex information 
requires expertise.16 Even for significant mutations mentioned above 
there is much debate about imparting such incidental; but critically 
important information to the patient.12,15 The information may not 
only impact on personal life and family members but also impact on 
employment and health insurance. Given the complexities involved 
the cardiologist may choose to refer such cases to genetic counselling 
or to colleagues with broader experience in genetic disorders.

For the purpose of this review; we will classify common cardiology 
disorders into ‘single/oligo gene’ disorders and heterogeneous 
disease. Most ‘single’ gene disorders are now recognised to be 
anything but. However; this group of diseases still has a direct but 
modifiable (via epigenetics) link between the genotype and the 
phenotype. This is unlike the heterogeneous group where such a link 
is difficult to establish with the existing clinical and natural history 
knowledge base for the disease. We will also review the current status 
of pharmacogenomics relevant to cardiology.

Single/oligo gene disorders

Hypertrophic cardiomyopathy (HCM)

HCM is the most common genetic disorder in the community with 
a prevalence of 1,500. It is primarily described as a disease of the 
sarcomere of the cardiac myocyte. It is inherited in autosomal dominant 
pattern with variable penetrance and expressivity. Diagnosis is usually 
based on 2D echocardiography. Treatment is based on symptoms and 
the overall risk assessment for sudden cardiac death.17 The first gene 
underlying HCM was discovered nearly 25years ago.7 Since then 11 
other candidate genes have been discovered. Many more causative 
variants are being discovered using exome sequencing. However; 
there is no compelling evidence to suggest that any of these genetic 
mutations relate significantly to symptoms or to risk of sudden cardiac 
death.18

Family screening and counselling with or without genetic testing 
is recommended by guidelines as part of the work up and management 
for HCM. Genetic tests may be used to aid the clinical diagnosis; 
for example to distinguish between other causes of hypertrophy.19 
In clinical practice genetic information does not contribute to the 
management of the index case. Following genetic counselling genetic 
tests can be performed on the index case. If a mutation is identified 
family members can be tested for the presence of this particular 
mutation. Family members with a mutation are offered imaging 
surveillance and sudden death risk assessments. It is important to note 
presence of the genotype does not necessarily mean the subject will 
develop the phenotype. For example genotype positive; phenotype 
negative subjects are not advised to avoid competitive sports.20 Thus 
many cases are managed with family screening but without the 
addition of genetic tests to the mix.

The genetic tests commonly performed for HCM are for known 
mutations with targeted gene testing. Negative result does not exclude 
the presence of a genetic variation that was not tested. In such cases 
family members are offered regular surveillance imaging. Exome 
sequencing for HCM is performed for research purposes. As can be 
expected many new causative variants and variants with unknown 
significance are found as a result.12 With increasing knowledge 
about the clinical outcomes; it is expected that these variants may 
get reclassified to a meaningful group. Similarly; whole genome 
sequencing remains a research tool with regards to the management 
of hypertrophic cardiomyopathy.

Long QT syndromes

Long QT syndrome prevalence in the community is estimated to be 
1,2000 with the majority inherited in an autosomal dominant pattern. 
In 75% of the cases the defect is in the K+ channels (LQT1 and 
LQT2) or Na+ channels (LQT3). This account for 75% of the cases 
of familial long QT syndromes.19 Diagnosis is based on the 12 lead 
ECG after exclusion and correction of reversible factors. Treatment 
is based on clinical risk and presenting symptoms. Risk assessment 
includes family history, QT interval; age of onset and responses to 
stress (exercise or pharmacological). The first Long QT gene was 
identified in 1996.21,22 Since then 13 genes in total have been identified 
as causative for Long QT syndromes.19 Arrhythmia induction could 
be with stress; exercise or event triggered (LQT1 and LQT2) or at 
rest (LQT3). Family screening and genetic testing is recommended 
for long QT syndromes.19 Exome sequencing is discovering disease 
causing variants and variants of unknown significance. Certain 
specific mutations (e.g. trans membrane defects) are associated with 
higher risk of arrhythmia.23 However, the type of mutation per se is 
not considered risk factor for implantable cardioverter defibrillator 
therapy.24,25 A negative genetic test does not exclude familial Long 
QT syndrome. Positive test will enable family members to be tested 
for that particular mutation. Regardless of the genetic test result first 
degree relatives should be screened for Long QT syndrome and risks 
assessed. Either specific mutation tests or exome sequencing may be 
used for Long QT syndrome. The clinician requesting the test should 
be prepared to account for the multiple possible pathogenic variants 
in addition to the variants of unknown significance. Whole genome 
sequencing for Long QT work up should only be as part of a research 
trial.

Catecholaminergic polymorphic ventricular 
tachycardia (CPVT)

The true prevalence of this rare condition is unknown but 
thought to be about 1,10;000.26 Sudden death may be the initial 
presentation.16,19The genetic defects are within two genes responsible 
for cardiac calcium handling; one autosomal dominant (ryanodine), 
the other recessive (calsequetrin).16 Diagnosis is based on exercise 
and stress testing. Stress or exercise typically produces ventricular 
ectopy that may be polymorphic or bi-directional. The first case 
of CPVT was reported in 1975.27 So far only two genes have been 
identified as causative. The ryanodine mutations account for 65% of 
the cases and more than 100 different mutations have been identified. 
Prevalence of calsequetrin mutation is about 3-5%. Family screening 
and genetic tests are recommended for index cases and for all first 
degree family members. Second and third degree family members 
should undergo clinical evaluation including stress testing. Since the 
initial presentation could be sudden death; and a clinically valuable 
risk estimate tool does not exist; mutation positive family members 
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are offered treatment.19 Genetic counselling followed by genetic tests 
for the known mutations of the Ryanodine receptor is reasonable. It 
is important to request for the entire ryanodine exome to be mapped 
since some laboratories target only the major clusters.19 For those with 
a negative result for ryanodine mutations, calsequetrin tests should be 
offered. Again; the clinician requesting the test should be prepared for 
unknown variants. 

Brugada syndrome

Brugada syndrome; a cardiac channelopathy with autosomal 
dominat inheritance; and is thought to be responsible for 12% of cases 
of sudden cardiac death.28,29 Diagnosis is usually based on an abnormal 
ECG with characteristic ST elevation in the right pre-cordial leads. 
Prevalence varies from 5-10 per 10; 00 in the community and higher 
in south-east Asian communities.29 Since identification of the first 
genetic defect (cardiac sodium channel) close to 350 other genetic 
mutations have been described in 15 different genes.29,30 However; 
only 25% of cases with Brugada Syndrome have a positive genetic 
test.31 Since the clinical management is not altered by the presence of 
a gene defect such tests are not recommended for Brugada syndrome 
unless for purposes of research.19 Family members should be screened 
but genetic testing is not recommended.

Arrhythmogenic right ventricular cardiomyopathy 
(ARVC)

ARVC is a disease of desmosomes with mostly autosomal 
dominant inheritance that can lead to cardiac arrhythmia; heart 
failure and death. Population prevalence is thought to be 1,5000.32 
Diagnosis is on satisfying criteria based on ECG characteristics; the 
ventricular tachycardia morphology and imaging.33Though initially 
thought to be secondary to mutations in genes coding for a handful of 
desmosome genes the disease process is now understood to be much 
more complex and may be requiring multiple ‘hits’ for phenotypic 
penetrance.34 diagnostic criteria do not incorporate genetic results and 
clinical management is also independent of the presence of mutations. 
Though targeted gene testing can be useful; in general genetic tests 
are not recommended for patients with ARVC.19 Family members 
should be offered genetic counselling and offered clinical screening 
and follow up.

Progressive cardiac conduction disease

This artificial group of diseases includes sinus node disease.35 
familial heart block.36 and characterised by delay in conduction of 
electrical impulses along the cardiac conduction system. This is to be 
distinguished from the more common conduction abnormalities that is 
encountered in clinical practice that are due to structural heart disease. 
The diagnosis of inherited conduction disease is one of exclusion of 
all other causes for such abnormalities. The mode of inheritance is 
thought be autosomal dominant in most cases. The management is 
based on symptoms alone and usually involves implantation of a 
pacemaker. The genes associated with cardiac conduction disease are 
cardiac sodium channel.37 (majority of the cases) and cardiac calcium 
channels. Genetic tests for this group of patients are usually for 
research only. Genetic results do not contribute to risk and intervention 
is for symptoms only. Thus genetic tests are not recommended.19

Dilated familial cardiomyopathy

Cardiomyopathy usually presents with the syndrome of heart failure. 
Within the subgroup where the underlying pathology is uncertain; a 

familial cause is found in up to 35%.38 The most common responsible 
genes are the intermediate filament protein coding Lamin A/C gene 
and cardiac sodium channel genes. However by 2011, 31 different 
genes causing dilated cardiomyopathy were described.39 with defects 
in structural proteins; ion channels, nuclear envelope, mitochondrial 
disease and cytoskeleton proteins.40 Most of the inheritance is 
autosomal dominant, with mitochondrial inheritance, recessive and 
X-linked inheritance also encountered. Family screening of first 
degree relatives, and if possible up to 3 generations is recommended.19 
The presence of Lamin A/C and Desmin myopathy genetic mutations 
indicate higher risk of sudden death and implantation of defibrillator 
may be considered based on the genetic result.41 A negative test does 
not exclude familial cardiomyopathy and family screening with 
imaging and follow up is recommended. The genetic test could be 
targeted for the high risk mutations. As mentioned in the sections 
above; Exome sequencing and genome sequencing will uncover more 
variants some probably causative; some of unknown significance. The 
clinician should be prepared to account for the results.42

Hypercholesterolaemia

Hypercholesterolaemia is an important modifiable risk factor that 
drives coronary artery disease. The diagnosis is made on a fasting 
lipid profile test. Severe hypercholesterolaemia is defined as LDL of 
190mg/dL (>4.9mmol/L).43 The risk of coronary disease is related to 
the cumulative lipid load in plasma over the years 44,45 Many therapeutic 
interventions are available and more are therapies are around the 
corner with PCSK-9 inhibitors. The primary gene involved is the LDL 
receptor gene. 9 different types of mutations were initially described 
in 1986 .6. Since then two other major genes Apo-protein B (ligand 
for the LDL receptor) and PCSK-9 (enzyme degrading LDL receptor) 
responsible for LDL metabolism have been identified. So far>1600 
different mutations have been described for LDL receptor alone.46 
These account for up to 85% of cases of familial hypercholesterolaemia. 
The inheritance is autosomal dominant. However in many patients 
with LDL levels>4.9mmmol/L, no mutation is identified in the three 
major genes mentioned above (using next generation sequencing for 
specific mutations or whole exome sequencing). Thus it seems most 
cases of familial hypercholesterolaemia are polygenic.47 The typical 
cardiology patient with LDL elevations to<4.9 are highly likely to 
have polygenic or environmental contribution to their dyslipidaemia. 
The cholesterol level and the cumulative load in particular contribute 
to the coronary artery disease risk; not the presence of mutation.44 
Accordingly genetic tests are not recommended for familial 
hypercholesterolaemia. Instead the index case is treated aggressively 
with lipid lowering therapy.43 Family screening is recommended 
and those with the phenotype treated. As mentioned above specific 
mutation tests or whole exome sequencing could be performed to 
identify genetic basis for hypercholesterolaemia.

Heterogeneous disease

Coronary artery disease: The usual presentation of coronary artery 
disease is ischaemic chest pain and or a myocardial infarction. The 
traditional risk factors are well defined and include family history. 
The modifiable risk factors include smoking; hypercholesterolaemia; 
diabetes; hypertension and obesity. Significant family history is not 
modifiable. Therapy and intervention is based on symptoms and 
not reliant on genetic predisposition. Modifiable risk factors are a 
therapeutic target to prevent disease progression. This approach is 
likely to continue for the next decade. What initiates plaque rupture 
is unknown. Thus there are no clear attributable genetic links to 
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myocardial infarctions persec.48 Genetic associations for coronary 
disease were initially reported in 2007. Since then close to 50 such 
genetic variations have been described.49,50 Such associations are 
discovered by whole genome sequencing (in contrast to whole exome 
sequencing or target gene sequencing). Without new generation gene 
sequencing technology such discoveries are unlikely to occur. It is 
noteworthy most of the reported associations are located away from 
protein encoding regions. Thus it is likely that these genetic variations 
influence regulation of gene expression or down-stream pathways. 
Association studies require large numbers of patients to identify 
significance. This is due to the fact that 50% genetic associations 
implicated with coronary artery disease are present in more than 
half the population and 25% is present in 75% of the population. 
The relative risk is in general minimal. It is also noteworthy that 
the majority of the associated genetic variations are not influencing 
the traditional risk pathways of hypercholesterolaemia; diabetes 
or hypertension. Thus the pathways through which these genetic 
variations contribute to coronary artery disease remain unclear. There 
is active research into this field and immunological mechanisms seem 
to be the for runners.48 Genetic tests are currently not recommended 
for coronary artery disease; unless for research purposes. Genetic tests 
do not modify the current management of coronary disease; which 
is based on symptoms. Whole genome sequencing is required for 
association tests.

Atrial fibrillation and other supra ventricular 
tachycardias

Atrial fibrillation is diagnosed by 12 lead ECG or a rhythm strip. 
The management is focused on identifying a precipitating cause; 
reducing thrombo-embolic risk and rate or rhythm control. In a 
minority of patients the disease has no discernible traditional risk 
factor and may be labelled as lone atrial fibrillation and there may 
be familial pre-ponderance. Management of lone atrial fibrillation 
is no different with regards to reducing thrombo-embolic risk and 
rate or rhythm control. Based on traditional Sanger techniques the 
first genetic link was discovered in 1997.51 in families with atrial 
fibrillation and the gene isolated in 2003.52 The gene was coding for 
a cardiac K+ channel. Other genes identified in family studies code 
for natri uretic peptide pre-cursor and an atrial structural protein 
(discovered with whole genome sequencing) considered pivotal in 
embryonic development of the heart.53 There are now many known 
genetic associations with AF. Atrial fibrillation may reflect a condition 
requiring two or more ‘hits’ to express the phenotype. The underlying 
genetic risk will vary depending on whether there is a direct candidate 
gene or whether there is an associated variation. There is the 
possibility that atrial fibrillation secondary to K+ channel mutations 
may behave differently to medications and therapy.54 However; this 
is yet to be proven. Currently; genetic tests are not recommended 
for atrial fibrillation. The therapy and interventions do not depend 
on genetic results. Genetic mutations have been identified for supra-
ventricular tachycardia (SVT) dependent on accessory pathways 
(Wolf-Parkinson-White syndrome). The gene codes for a cardiac 
AMP (Adenosine Mono Phosphate) activated protein kinase.55 No 
genome wide association studies are available for SVT at the time of 
this manuscript. Genetic tests are not recommended for SVT.

Essential hypertension

Hypertension is highly prevalent in the western society and 
contributes significantly to the cardiovascular mortality and morbidity. 
Diagnosis is with properly conducted blood pressure measurements and 

if required ambulatory measurements. For uncomplicated hypertension 
the target is 140/90, and stricter with other co-morbidities.56 Essential 
hypertension is considered to be multi factorial and up to 60% may be 
secondary to genetic preponderance.57 There is no one direct genetic 
mutation responsible for essential hypertension.58 A recent review 
into genetic and epigenetics of essential hypertension identified 130 
genes with multiple associated variations (whole genome sequencing; 
whole exome sequencing).59 There seem to be a correlation between 
the number of variants associated with hypertension and the level of 
the blood pressure. None of these associations are predictive of higher 
risk and do not provide additional information for specific therapeutic 
interventions. Accordingly, no genetic tests are recommended for 
essential hypertension.

Pulmonary arterial hypertension

Pulmonary arterial hypertension (PAH) is a relatively rare 
condition with a prevalence of 15per million. Pulmonary hypertension 
has a poor prognosis with 15% mortality within the first year with 
treatment.60 A subgroups of PAH; familial or hereditary pulmonary 
arterial hypertension is linked to mutations of the bone morphogenic 
protein receptor 2. This is inherited in an autosomal dominant pattern 
with variable penetrance and genetic anticipation. In addition to 
this gene other genes and mutations have been described recently.61 
This area is subject to intense research and the likelihood of further 
breakthrough is high.62 For idiopathic PAH that may have familial 
preponderance genetic testing is recommended following genetic 
counselling (specific mutations or whole exome sequencing)61. Family 
members may then be checked for any specific mutations identified in 
the index case. The results do not indicate higher risk and treatment is 
based on the phenotype.

Pharmacogenomics

Many pharmaceuticals with trial proven benefit are available 
for many cardiovascular disorders. There is marked variability with 
regards to efficacy and also toxicity. This limits the net benefit for the 
individual. Pharmacogenomics is the field where the best medicine 
in the best dose is identified for each individual based on the genetic 
variations in drug metabolism.5 This area is progressing rapidly in 
some specialities, in particular oncology and haematology where a 
specific mutation determines the therapy. In cardiology we are yet 
to see any such breakthrough. The closest we have come to genetics 
deciding the dosing is with war farin. Though genotype guidance 
provided longer time within therapeutic ranges; genotype guided 
dosing did not perform better when compared to a clinical guided 
dosing for warfarin.63,64 There is significant controversy with regards 
to clopidogrel doing and genotype.65 Clinical guidelines do not 
recommend genotyping for clopidogrel. There is evidence to suggest 
that perindopril therapy could be adjusted depending on genotypes 
for Bradykinin receptors and Angiotensin II receptors.5 These are yet 
to be proven in clinical trials. Beta blocker therapy and beta receptor 
polymorphism has also encountered controversial results. Similar 
conflicting results have emerged from studies looking into statin 
therapy and cholesterol levels with polymorphism in cholesterol 
ester transporter protein, apo-lipoprotein E, and HMGCoA reductase 
genes.5 Thus; currently no genetic tests are recommended for choosing 
or dosing any cardiovascular medication.

Conclusion
Modern technology has advanced the understanding of the genetic 

basis for many cardiovascular disorders. Though many mutations 
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and associated variations have been uncovered over the recent years; 
except for rare instances in cardiology (example CPVT mutation) 
genetic finding does not relate to clinically significant risk nor guide 
therapy. In particular the promising area of pahrmacogenomics and 
personalised medicine has been rather unfruitful for cardiology so 
far. At the moment genetic tests may be more relevant in providing 
the index case and the family an etiology for disease; and provide 
information enabling planning for the future for those affected. There 
is no doubt however that with the pace with which genomic research 
is progressing advances will be made in patient care and maintenance 
of wellness.

Acknowledgement
None.

Conflicts of interest
Authors declare that there is no conflict of interest.

Funding
None.

References
1. Manolio TA, Chisholm RL, Ozenberger B, et al. Implementing genomic 

medicine in the clinic:the future is here. Genet Med. 2013;15(4):258–267.

2. Mattick JS, Marie AD, Bronwyn NT, et al. The impact of genomics on 
the future of medicine and health. The Medical Journal of Australia. 
2014;201(1):17–20.

3. Tian Q, Price ND, Hood L. Systems cancer medicine:towards realization 
of predictive, preventive, personalized and participatory (P4) medicine. J 
Inter Med. 2012;271(2):111–121.

4. Kim CK, Jung S, Yoon BW. Practical issues to prevent stroke associated 
with non valvular atrial fibrillation. J Stroke. 2013;15(3):144–152.

5. Yip VL, Pirmohamed M. Expanding role of pharmacogenomics in the 
management of cardiovascular disorders. Am J Cardiovasc Drugs. 
2013;13(3):151–162.

6. Brown MS, Goldstein JL. A receptor–mediated pathway for cholesterol 
homeostasis. Science. 1986;232(4746):34–47.

7. Geisterfer Lowrance AA, Kass S, et al. A molecular basis for familial 
hypertrophic cardiomyopathy: a beta cardiac myosin heavy chain gene 
missense mutation. Cell. 1990;62(5):999–1006.

8. Lander ES, Linton LM, Birren B, et al. Initial sequencing and analysis of 
the human genome. Nature. 2001;409(6822):860–921.

9. Margulies M, Egholm M, Altman WE, et al. Genome sequencing 
in microfabricated high density picolitre reactors. Nature. 
2005;437(7075):376–380.

10. Pareek CS, Smoczynski R. Tretyn A Sequencing technologies and genome 
sequencing. J Appl Genet. 2011;52(4):413–435.

11. Sanger F, Coulson AR. A rapid method for determining sequences in DNA 
by primed synthesis with DNA polymerase. J Mol Biol. 975;94(3):441–
448.

12. Foreman AK, Lee K, Evans JP. The NCGENES project:exploring the new 
world of genome sequencing. N C Med J. 2013;74(6):500–504.

13. Green RC, Berg JS, Grody WW, et al. ACMG recommendations for 
reporting of incidental findings in clinical exome and genome sequencing. 
Genet Med. 2013;15(7):565–574.

14. Posch MG, Posch MJ, Perrot A, et al. Variations in DSG2:V56M, V158G 
and V920G are not pathogenic for arrhythmogenic right ventricular 
dysplasia/cardiomyopathy. Nat Clin Pract Cardiovasc Med. 2008;5(12):E1.

15. Martin LJ, Gao G, Kang G, et al. Improving the signal to noise ratio in 
genome–wide association studies. Genet Epidemiol. 2009;33(Suppl 
1):S29–S32.

16. Webster G, Berul CI. An update on channelopathies: from mechanisms to 
management. Circulation. 2013;127(1):126–140.

17. Maron BJ, Ommen SR, Semsarian C, et al. Hypertrophic Cardiomyopathy: 
Present and Future, With Translation Into Contemporary Cardiovascular 
Medicine. J Am Coll Cardiol. 2014;64(1):83–99.

18. Gray B, Ingles J, Semsarian C. Natural history of genotype positive–
phenotype negative patients with hypertrophic cardiomyopathy. Int J 
Cardiol. 2011;152(2):258–259.

19. Ackerman MJ, Priori SG, Willems S, et al. HRS/EHRA expert consensus 
statement on the state of genetic testing for the channelopathies and 
cardiomyopathies this document was developed as a partnership between 
the Heart Rhythm Society (HRS) and the European Heart Rhythm 
Association (EHRA). Heart Rhythm. 2011;8(8):1308–1339.

20. Maron BJ, Ackerman MJ, Nishimura RA, et al. Task Force 4: HCM and 
other cardiomyopathies, mitral valve prolapse, myocarditis, and Marfan 
syndrome. J Am Coll Cardiol. 2005;45(8):1340–1345.

21. Wang Q, Shen J, Splawski I, et al. SCN5A mutations associated with an 
inherited cardiac arrhythmia, long QT syndrome. Cell. 1995;80(5):805–
811.

22. Curran ME, Splawski I, Timothy KW, et al. A molecular basis for 
cardiac arrhythmia: HERG mutations cause long QT syndrome. Cell. 
1995;80(5):795–803.

23. Moss AJ, Shimizu W, Wilde AA, et al. Clinical aspects of type 1 long QT 
syndrome by location, coding type, and biophysical function of mutations 
involving the KCNQ1 gene. Circulation. 2007;115(19):2481–2489.

24. Schwartz PJ, Spazzolini C, Priori SG, et al. Who are the long–QT 
syndrome patients who receive an implantable cardioverter defibrillator 
and what happens to them? :data from the European Long–QT Syndrome 
Implantable Cardioverter–Defibrillator (LQTS ICD) Registry. Circulation. 
2010;122(13):1272–1282.

25. Horner JM, Kinoshita M, Webster TL, et al. Implantable cardioverter 
defibrillator therapy for congenital long QT syndrome:a single–center 
experience. Heart Rhythm. 2010;7(11):1616–1622.

26. Napolitano C, Bloise R, Memmi M, et al. Clinical utility gene card for: 
Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT). Eur J 
Hum Genet. 2014;22(1):198–201.

27. Reid DS, Tynan M, Braidwood L, et al. Bidirectional tachycardia in a child. 
A study using His bundle electrography. Br Heart J. 1975;37(3):339–344.

28. Juang JM, Huang SK. Brugada syndrome an under recognized 
electrical disease in patients with sudden cardiac death. Cardiology. 
2004;101(4):157–169.

29. Brugada R, Campuzano O, Sarquella Brugada G, et al. Brugada syndrome: 
Methodist De Bakey. Cardiovascular Journal. 2014;10(2):25–28.

30. Shimizu W. Update of diagnosis and management of inherited cardiac 
arrhythmias. Circ J. 2013;77(12):2867–2872.

31. Kapplinger JD, Tester DJ, Alders M, et al. An international compendium 
of mutations in the SCN5A–encoded cardiac sodium channel in 
patients referred for Brugada syndrome genetic testing. Heart rhythm. 
2010;7(1):33–46.

32. Romero J, Mejia Lopez E, Manrique C, et al. Arrhythmogenic Right 
Ventricular Cardiomyopathy (ARVC/D): a systematic literature review. 
Clin Med Insights Cardiol. 2013;7:97–114.

33. Marcus FI, McKenna WJ, Sherrill D, et al. Diagnosis of arrhythmogenic 
right ventricular cardiomyopathy/dysplasia: proposed modification of the 
task force criteria. Eur Heart J. 2010; 31(7):806–14.

https://doi.org/10.15406/jccr.2014.01.00020
http://www.ncbi.nlm.nih.gov/pubmed/23306799
http://www.ncbi.nlm.nih.gov/pubmed/23306799
https://www.mja.com.au/journal/2014/201/1/impact-genomics-future-medicine-and-health
https://www.mja.com.au/journal/2014/201/1/impact-genomics-future-medicine-and-health
https://www.mja.com.au/journal/2014/201/1/impact-genomics-future-medicine-and-health
http://www.ncbi.nlm.nih.gov/pubmed/22142401
http://www.ncbi.nlm.nih.gov/pubmed/22142401
http://www.ncbi.nlm.nih.gov/pubmed/22142401
http://www.ncbi.nlm.nih.gov/pubmed/24396808
http://www.ncbi.nlm.nih.gov/pubmed/24396808
http://www.ncbi.nlm.nih.gov/pubmed/23579966
http://www.ncbi.nlm.nih.gov/pubmed/23579966
http://www.ncbi.nlm.nih.gov/pubmed/23579966
http://www.ncbi.nlm.nih.gov/pubmed/3513311
http://www.ncbi.nlm.nih.gov/pubmed/3513311
http://www.ncbi.nlm.nih.gov/pubmed/1975517
http://www.ncbi.nlm.nih.gov/pubmed/1975517
http://www.ncbi.nlm.nih.gov/pubmed/1975517
http://www.ncbi.nlm.nih.gov/pubmed/11237011
http://www.ncbi.nlm.nih.gov/pubmed/11237011
http://www.ncbi.nlm.nih.gov/pubmed/16056220
http://www.ncbi.nlm.nih.gov/pubmed/16056220
http://www.ncbi.nlm.nih.gov/pubmed/16056220
http://www.ncbi.nlm.nih.gov/pubmed/21698376
http://www.ncbi.nlm.nih.gov/pubmed/21698376
http://www.ncbi.nlm.nih.gov/pubmed/1100841
http://www.ncbi.nlm.nih.gov/pubmed/1100841
http://www.ncbi.nlm.nih.gov/pubmed/1100841
http://www.ncbi.nlm.nih.gov/pubmed/24316776
http://www.ncbi.nlm.nih.gov/pubmed/24316776
http://www.ncbi.nlm.nih.gov/pubmed/23788249
http://www.ncbi.nlm.nih.gov/pubmed/23788249
http://www.ncbi.nlm.nih.gov/pubmed/23788249
http://www.ncbi.nlm.nih.gov/pubmed/19039334
http://www.ncbi.nlm.nih.gov/pubmed/19039334
http://www.ncbi.nlm.nih.gov/pubmed/19039334
http://www.ncbi.nlm.nih.gov/pubmed/19924719
http://www.ncbi.nlm.nih.gov/pubmed/19924719
http://www.ncbi.nlm.nih.gov/pubmed/19924719
http://www.ncbi.nlm.nih.gov/pubmed/23283857
http://www.ncbi.nlm.nih.gov/pubmed/23283857
http://www.ncbi.nlm.nih.gov/pubmed/24998133
http://www.ncbi.nlm.nih.gov/pubmed/24998133
http://www.ncbi.nlm.nih.gov/pubmed/24998133
http://www.ncbi.nlm.nih.gov/pubmed/21862152
http://www.ncbi.nlm.nih.gov/pubmed/21862152
http://www.ncbi.nlm.nih.gov/pubmed/21862152
http://www.ncbi.nlm.nih.gov/pubmed/21787999
http://www.ncbi.nlm.nih.gov/pubmed/21787999
http://www.ncbi.nlm.nih.gov/pubmed/21787999
http://www.ncbi.nlm.nih.gov/pubmed/21787999
http://www.ncbi.nlm.nih.gov/pubmed/21787999
http://www.ncbi.nlm.nih.gov/pubmed/15837284
http://www.ncbi.nlm.nih.gov/pubmed/15837284
http://www.ncbi.nlm.nih.gov/pubmed/15837284
http://www.ncbi.nlm.nih.gov/pubmed/7889574
http://www.ncbi.nlm.nih.gov/pubmed/7889574
http://www.ncbi.nlm.nih.gov/pubmed/7889574
http://www.ncbi.nlm.nih.gov/pubmed/7889573
http://www.ncbi.nlm.nih.gov/pubmed/7889573
http://www.ncbi.nlm.nih.gov/pubmed/7889573
http://www.ncbi.nlm.nih.gov/pubmed/17470695
http://www.ncbi.nlm.nih.gov/pubmed/17470695
http://www.ncbi.nlm.nih.gov/pubmed/17470695
http://www.ncbi.nlm.nih.gov/pubmed/20837891
http://www.ncbi.nlm.nih.gov/pubmed/20837891
http://www.ncbi.nlm.nih.gov/pubmed/20837891
http://www.ncbi.nlm.nih.gov/pubmed/20837891
http://www.ncbi.nlm.nih.gov/pubmed/20837891
http://www.ncbi.nlm.nih.gov/pubmed/20816872
http://www.ncbi.nlm.nih.gov/pubmed/20816872
http://www.ncbi.nlm.nih.gov/pubmed/20816872
http://www.ncbi.nlm.nih.gov/pubmed/23549275
http://www.ncbi.nlm.nih.gov/pubmed/23549275
http://www.ncbi.nlm.nih.gov/pubmed/23549275
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC483978/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC483978/
http://www.ncbi.nlm.nih.gov/pubmed/14967959
http://www.ncbi.nlm.nih.gov/pubmed/14967959
http://www.ncbi.nlm.nih.gov/pubmed/14967959
http://www.ncbi.nlm.nih.gov/pubmed/24200848
http://www.ncbi.nlm.nih.gov/pubmed/24200848
http://www.ncbi.nlm.nih.gov/pubmed/20129283
http://www.ncbi.nlm.nih.gov/pubmed/20129283
http://www.ncbi.nlm.nih.gov/pubmed/20129283
http://www.ncbi.nlm.nih.gov/pubmed/20129283
http://www.ncbi.nlm.nih.gov/pubmed/23761986
http://www.ncbi.nlm.nih.gov/pubmed/23761986
http://www.ncbi.nlm.nih.gov/pubmed/23761986
http://www.ncbi.nlm.nih.gov/pubmed/20172912
http://www.ncbi.nlm.nih.gov/pubmed/20172912
http://www.ncbi.nlm.nih.gov/pubmed/20172912


Impact of genomics and personalised medicine on current practice of clinical cardiology 107
Copyright:

©2014 Gunaruwan et al.

Citation: Gunaruwan P, Jayasinghe R. Impact of genomics and personalised medicine on current practice of clinical cardiology. J Cardiol Curr Res. 
2014;1(4):102‒107. DOI: 10.15406/jccr.2014.01.00020

34. Bauce B, Nava A, Beffagna G, et al. Multiple mutations in desmosomal 
proteins encoding genes in arrhythmogenic right ventricular 
cardiomyopathy/dysplasia. Heart Rhythm. 2010;7(1):22–29.

35. Milanesi R, Baruscotti M, Gnecchi Ruscone T, et al. Familial sinus 
bradycardia associated with a mutation in the cardiac pacemaker channel. 
N Engl J Med. 2006;354(2):151–157.

36. Brink AJ. Torrington M Progressive familial heart block two types. S Afr 
Med J. 1977;52(2):53–59.

37. Schott JJ, Alshinawi C, Kyndt F, et al. Cardiac conduction defects associate 
with mutations in SCN5A. Nat Genet. 1999;23(1):20–21.

38. Michels VV, Moll PP, Miller FA, et al. The frequency of familial 
dilated cardiomyopathy in a series of patients with idiopathic dilated 
cardiomyopathy. N Engl J Med. 1992;326(2):77–82.

39. Hershberger RE, Siegfried JD. Update 2011:clinical and genetic issues in 
familial dilated cardiomyopathy. J Am Coll Cardiolol. 2011;257(16):1641–
1649.

40. Hershberger RE, Morales A, Siegfried JD. Clinical and genetic issues in 
dilated cardiomyopathy: a review for genetics professionals. Genet Med. 
2010;12(11):655–667.

41. Van Spaendonck Zwarts KY, Van Hessem L, et al. Desmin related 
myopathy. Clin Genet. 2011;80(40):354–366.

42. Fatkin D. Guidelines for the diagnosis and management of familial dilated 
cardiomyopathy. Heart lung Circ. 2011;20(11):691–693.

43. Sniderman AD, Tsimikas S, Fazio S. The severe hypercholesterolemia 
phenotype: clinical diagnosis, management, and emerging therapies. J Am 
Coll Cardiol. 2014;63(19):1935–1947.

44. Horton JD, Cohen JC, Hobbs HH. PCSK9: a convertase that coordinates 
LDL catabolism. J Lipid Res. 2009;50(Suppl):S172–S177.

45. Cohen JC, Boerwinkle E, Mosley TH Jr, et al. Sequence variations in 
PCSK9, low LDL, and protection against coronary heart disease. N Engl J 
Med. 2006;354(12):1264–1272.

46. Haase A, Goldberg AC. Identification of people with heterozygous familial 
hypercholesterolemia. Curr Opin Lipidol. 2012;23(4):282–289.

47. Talmud PJ, Shah S, Whittall R, et al. Use of low density lipoprotein 
cholesterol gene score to distinguish patients with polygenic and 
monogenic familial hypercholesterolaemia: a case control study. Lancet. 
2013;381(9874):1293–1301.

48. Roberts R. Genetics of coronary artery disease. Circ Res. 
2014;114(12):1890–1903.

49. CARDIoGRAMplusC4D Consortium, Deloukas P, Kanoni S, et al. Large 
scale association analysis identifies new risk loci for coronary artery 
disease. Nat Genet. 2013;45(1):25–33.

50. Dandona S, Stewart AF, Roberts R. Genomics in coronary artery disease: 
past, present and future. Can J Cardiolo. 2010;26(Suppl A):56A–59A.

51. Brugada R, Tapscott T, Czernuszewicz GZ, et al. Identification of a genetic 
locus for familial atrial fibrillation. N Engl J Medicine. 1977;336(13):905–
911.

52. Chen YH, Xu SJ, Bendahhou S, et al. KCNQ1 gain of function mutation in 
familial atrial fibrillation. Science. 2003;299(5604):251–254.

53. Tsai CT, Lai LP, Hwang JJ, et al. Chiang FT molecular genetics of atrial 
fibrillation. J Am Coll of Cardiol. 2008;52(4):241–250.

54. Darbar D, Roden DM. Genetic mechanisms of atrial fibrillation: impact on 
response to treatment. Nat Rev Cardiol. 2013;10(6):317–329.

55. Gollob MH, Green MS, Tang AS, et al. Identification of a gene responsible 
for familial Wolff–Parkinson–White syndrome. N Engl J Medicine. 
2001;344(24):1823–1831.

56. Aronow WS, Fleg JL, Pepine CJ, et al. ACCF/AHA 2011 expert consensus 
document on hypertension in the elderly: a report of the American College 
of Cardiology Foundation Task Force on Clinical Expert Consensus 
Documents developed in collaboration with the American Academy of 
Neurology, American Geriatrics Society, American Society for Preventive 
Cardiology, American Society of Hypertension, American Society of 
Nephrology, Association of Black Cardiologists, and European Society of 
Hypertension. J Am Coll Cardiol. 2011;57(20):2037–2114.

57. Levy D, DeStefano AL, Larson MG, et al. Evidence for a gene influencing 
blood pressure on chromosome 17. Genome scan linkage results for 
longitudinal blood pressure phenotypes in subjects from the framingham 
heart study. Hypertension. 2000;36(4):477–483.

58. Ehret GB, Munroe PB, Rice KM, et al. Genetic variants in novel pathways 
influence blood pressure and cardiovascular disease risk. Nature. 
2011;478(7367):103–109.

59. Natekar A, Olds RL, Lau MW, et al. Elevated blood pressure: our 
family’s fault? The genetics of essential hypertension. World J Cardiol. 
2014;6(5):327–337.

60. McLaughlin VV, Archer SL, Badesch DB, et al. ACCF/AHA 2009 
expert consensus document on pulmonary hypertension :a report of the 
American College of Cardiology Foundation Task Force on Expert 
Consensus Documents and the American Heart Association: developed in 
collaboration with the American College of Chest Physicians, American 
Thoracic Society, Inc., and the Pulmonary Hypertension Association. J Am 
Coll Cardiol. 2009;53(17):1573–1619.

61. Soubrier F, Chung WK, Machado R, et al. Genetics and genomics of 
pulmonary arterial hypertension. J Am Coll Cardiol. 2013; 62(25S):D13–
21.

62. Wang Y, Xue XY, Liu YX, et al. Pulmonary arterial hypertension and 
microRNAs an ever growing partnership. Arch Med Res. 2013;44(7):483–
487.

63. Pirmohamed M, Burnside G, Eriksson N, et al. A randomized trial of 
genotype–guided dosing of warfarin. N Engl J Med. 2013;369(24):2294–
2303.

64. Kimmel SE, French B, Kasner SE, et al. A pharmacogenetic versus a 
clinical algorithm for warfarin dosing. N Engl J Med. 2013;369(24):2283–
2293.

65. Holmes DR, Dehmer GJ, Kaul S, et al. ACCF/AHA clopidogrel clinical 
alert: approaches to the FDA “boxed warning”: a report of the American 
College of Cardiology Foundation Task Force on clinical expert consensus 
documents and the American Heart Association endorsed by the Society 
for Cardiovascular Angiography and Interventions and the Society of 
Thoracic Surgeons. J Am Coll Cardiol. 2010;56(4):321–341.

https://doi.org/10.15406/jccr.2014.01.00020
http://www.ncbi.nlm.nih.gov/pubmed/20129281
http://www.ncbi.nlm.nih.gov/pubmed/20129281
http://www.ncbi.nlm.nih.gov/pubmed/20129281
http://www.ncbi.nlm.nih.gov/pubmed/16407510
http://www.ncbi.nlm.nih.gov/pubmed/16407510
http://www.ncbi.nlm.nih.gov/pubmed/16407510
http://www.ncbi.nlm.nih.gov/pubmed/897853
http://www.ncbi.nlm.nih.gov/pubmed/897853
http://www.ncbi.nlm.nih.gov/pubmed/10471492
http://www.ncbi.nlm.nih.gov/pubmed/10471492
http://www.ncbi.nlm.nih.gov/pubmed/1727235
http://www.ncbi.nlm.nih.gov/pubmed/1727235
http://www.ncbi.nlm.nih.gov/pubmed/1727235
http://www.ncbi.nlm.nih.gov/pubmed/21492761
http://www.ncbi.nlm.nih.gov/pubmed/21492761
http://www.ncbi.nlm.nih.gov/pubmed/21492761
http://www.ncbi.nlm.nih.gov/pubmed/20864896
http://www.ncbi.nlm.nih.gov/pubmed/20864896
http://www.ncbi.nlm.nih.gov/pubmed/20864896
http://www.ncbi.nlm.nih.gov/pubmed/20718792
http://www.ncbi.nlm.nih.gov/pubmed/20718792
http://www.ncbi.nlm.nih.gov/pubmed/21885340
http://www.ncbi.nlm.nih.gov/pubmed/21885340
http://www.ncbi.nlm.nih.gov/pubmed/24632267
http://www.ncbi.nlm.nih.gov/pubmed/24632267
http://www.ncbi.nlm.nih.gov/pubmed/24632267
http://www.ncbi.nlm.nih.gov/pubmed/19020338
http://www.ncbi.nlm.nih.gov/pubmed/19020338
http://www.ncbi.nlm.nih.gov/pubmed/16554528
http://www.ncbi.nlm.nih.gov/pubmed/16554528
http://www.ncbi.nlm.nih.gov/pubmed/16554528
http://www.ncbi.nlm.nih.gov/pubmed/22801386
http://www.ncbi.nlm.nih.gov/pubmed/22801386
http://www.ncbi.nlm.nih.gov/pubmed/23433573
http://www.ncbi.nlm.nih.gov/pubmed/23433573
http://www.ncbi.nlm.nih.gov/pubmed/23433573
http://www.ncbi.nlm.nih.gov/pubmed/23433573
http://www.ncbi.nlm.nih.gov/pubmed/24902973
http://www.ncbi.nlm.nih.gov/pubmed/24902973
http://www.ncbi.nlm.nih.gov/pubmed/23202125
http://www.ncbi.nlm.nih.gov/pubmed/23202125
http://www.ncbi.nlm.nih.gov/pubmed/23202125
http://www.ncbi.nlm.nih.gov/pubmed/20386763
http://www.ncbi.nlm.nih.gov/pubmed/20386763
http://www.ncbi.nlm.nih.gov/pubmed/9070470
http://www.ncbi.nlm.nih.gov/pubmed/9070470
http://www.ncbi.nlm.nih.gov/pubmed/9070470
http://www.ncbi.nlm.nih.gov/pubmed/12522251
http://www.ncbi.nlm.nih.gov/pubmed/12522251
http://www.ncbi.nlm.nih.gov/pubmed/18634977
http://www.ncbi.nlm.nih.gov/pubmed/18634977
http://www.ncbi.nlm.nih.gov/pubmed/23591267
http://www.ncbi.nlm.nih.gov/pubmed/23591267
http://www.ncbi.nlm.nih.gov/pubmed/11407343
http://www.ncbi.nlm.nih.gov/pubmed/11407343
http://www.ncbi.nlm.nih.gov/pubmed/11407343
http://www.ncbi.nlm.nih.gov/pubmed/21524875
http://www.ncbi.nlm.nih.gov/pubmed/21524875
http://www.ncbi.nlm.nih.gov/pubmed/21524875
http://www.ncbi.nlm.nih.gov/pubmed/21524875
http://www.ncbi.nlm.nih.gov/pubmed/21524875
http://www.ncbi.nlm.nih.gov/pubmed/21524875
http://www.ncbi.nlm.nih.gov/pubmed/21524875
http://www.ncbi.nlm.nih.gov/pubmed/21524875
http://www.ncbi.nlm.nih.gov/pubmed/11040222
http://www.ncbi.nlm.nih.gov/pubmed/11040222
http://www.ncbi.nlm.nih.gov/pubmed/11040222
http://www.ncbi.nlm.nih.gov/pubmed/11040222
http://www.ncbi.nlm.nih.gov/pubmed/21909115
http://www.ncbi.nlm.nih.gov/pubmed/21909115
http://www.ncbi.nlm.nih.gov/pubmed/21909115
http://www.ncbi.nlm.nih.gov/pubmed/24944762
http://www.ncbi.nlm.nih.gov/pubmed/24944762
http://www.ncbi.nlm.nih.gov/pubmed/24944762
http://www.ncbi.nlm.nih.gov/pubmed/19389575
http://www.ncbi.nlm.nih.gov/pubmed/19389575
http://www.ncbi.nlm.nih.gov/pubmed/19389575
http://www.ncbi.nlm.nih.gov/pubmed/19389575
http://www.ncbi.nlm.nih.gov/pubmed/19389575
http://www.ncbi.nlm.nih.gov/pubmed/19389575
http://www.ncbi.nlm.nih.gov/pubmed/19389575
http://www.ncbi.nlm.nih.gov/pubmed/24355637
http://www.ncbi.nlm.nih.gov/pubmed/24355637
http://www.ncbi.nlm.nih.gov/pubmed/24355637
http://www.ncbi.nlm.nih.gov/pubmed/24051036
http://www.ncbi.nlm.nih.gov/pubmed/24051036
http://www.ncbi.nlm.nih.gov/pubmed/24051036
http://www.ncbi.nlm.nih.gov/pubmed/24251363
http://www.ncbi.nlm.nih.gov/pubmed/24251363
http://www.ncbi.nlm.nih.gov/pubmed/24251363
http://www.ncbi.nlm.nih.gov/pubmed/24251361
http://www.ncbi.nlm.nih.gov/pubmed/24251361
http://www.ncbi.nlm.nih.gov/pubmed/24251361
http://www.ncbi.nlm.nih.gov/pubmed/20633831
http://www.ncbi.nlm.nih.gov/pubmed/20633831
http://www.ncbi.nlm.nih.gov/pubmed/20633831
http://www.ncbi.nlm.nih.gov/pubmed/20633831
http://www.ncbi.nlm.nih.gov/pubmed/20633831
http://www.ncbi.nlm.nih.gov/pubmed/20633831

	Impact of genomics and personalised medicine on current practice of clinical cardiology 
	Abstract 
	Keywords
	Abbreviations
	Introduction 
	Genome sequencing 
	Single/oligo gene disorders 
	Long QT syndromes 
	Catecholaminergic polymorphic ventricular tachycardia (CPVT) 
	Brugada syndrome 
	Arrhythmogenic right ventricular cardiomyopathy (ARVC)
	Progressive cardiac conduction disease 
	Dilated familial cardiomyopathy 
	Hypercholesterolaemia 
	Heterogeneous disease 
	Atrial fibrillation and other supra ventricular tachycardias 
	Essential hypertension 
	Pulmonary arterial hypertension
	Pharmacogenomics
	Conclusion 
	Acknowledgement 
	Conflicts of interest 
	Funding 
	References 


